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According to the shared signal hypothesis (SSH) the impact of facial expressions
on emotion processing partially depends on whether the gaze is directed toward
or away from the observer. In autism spectrum disorder (ASD) several aspects of
face processing have been found to be atypical, including attention to eye gaze and
the identification of emotional expressions. However, there is little research on how
gaze direction affects emotional expression processing in typically developing (TD)
individuals and in those with ASD. This question is investigated here in two multimodal
experiments. Experiment 1 required processing eye gaze direction while faces differed in
emotional expression. Forty-seven children (aged 9–12 years) participated. Their Autism
Diagnostic Observation Schedule (ADOS) scores ranged from 0 to 6 in the experiment.
Event-related potentials (ERPs) were sensitive to gaze direction and emotion, but
emotion processing did not depend on gaze direction. However, for angry faces the
gaze direction effect on the N170 amplitude, as typically observed in TD individuals,
diminished with increasing ADOS score. For neutral expressions this correlation was
not significant. Experiment 2 required explicit emotion classifications in a facial emotion
composite task while eye gaze was manipulated incidentally. A group of 22 children
with ASD was compared to a propensity score-matched group of TD children (mean
age = 13 years). The same comparison was carried out for a subgroup of nine children
with ASD who were less trained in social cognition, according to clinician’s report.
The ASD group performed overall worse in emotion recognition than the TD group,
independently of emotion or gaze direction. However, for disgust expressions, eye
tracking data revealed that TD children fixated relatively longer on the eyes of the
stimulus face with a direct gaze as compared with averted gaze. In children with ASD
we observed no such modulation of fixation behavior as a function of gaze direction.
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Overall, the present findings from ERPs and eye tracking confirm the hypothesis of an
impaired sensitivity to gaze direction in children with ASD or elevated autistic traits, at
least for specific emotions. Therefore, we conclude that multimodal investigations of the
interaction between emotional processing and stimulus gaze direction are promising to
understand the characteristics of individuals differing along the autism trait dimension.
Keywords: gaze direction, emotion processing, face recognition, N170, EPN, autism spectrum disorder, ADOS

INTRODUCTION

latencies to faces in children with ASD as compared with TD
individuals, indicating a deviant pattern of brain responses to
faces at an early age. With respect to specific emotions, previous
studies demonstrated stronger increases of N170 amplitudes to
fearful over neutral expressions in a control group as compared
to an ASD group; in contrast, the N170 amplitudes to neutral
faces did not significantly differ between these groups (de Jong
et al., 2008; Faja et al., 2016). Wagner et al. (2013) and Faja et al.
(2016) reported increased N170 amplitudes to happy and angry
faces, only for a TD group but not for an ASD group. However,
Tye et al. (2014) found larger N170 amplitudes for neutral as
compared to fearful expressions only in ASD participants.
Evidence of unusual eye gaze direction processing among
children with ASD was found in two ERP studies. Grice et al.
(2005) recorded high-density ERPs from children (aged 3.5–
7 years) with ASD while passively viewing faces with different
gaze directions. The occipito-parietal negativity was larger in
a direct than an averted gaze condition in children with ASD,
resembling data collected from 4 months-old infants (Farroni
et al., 2002). In contrast, ERPs of age-matched TD children and
adults were not sensitive to perceived gaze direction (Grice et al.,
2005), suggesting a developmental delay in the ASD group. The
absence of gaze direction effects in TD individuals reported by
Grice et al. (2005) is surprising, given the sensitivity to perceived
eye gaze direction in other ERP studies. This is also at variance
with findings of Senju et al. (2005a) who investigated ERP
correlates in an active gaze direction detection task in children
with ASD and TD children (M = 12 years). N170 to direct
gaze was larger than to averted gaze in controls but not in the
ASD group. After gaze direction changes, the N170 was followed
by an enhanced occipito-temporal negativity (N2), which was
lateralized to the right hemisphere and larger for direct than
averted gaze for TD children but not for children with ASD.
Similar problems with gaze processing have been reported on
the performance level, unlike children with ASD, TD children
showed an advantage in detecting direct gaze over averted gaze
(Senju et al., 2005a; Senju and Johnson, 2009).
A later ERP component, the early posterior negativity (EPN)
is considered to indicate reflexive visual attention to emotional
stimuli, facilitating sensory encoding. Thus, both negative and
positive emotional stimuli enhance EPN amplitudes as compared
to neutral stimuli (Schupp et al., 2003; Foti et al., 2009; Holmes
et al., 2009; Schacht and Sommer, 2009). A study found that
adults with ASD had different hemispheric distribution of EPN
in response to facial expression, as compared to neurotypical
adults (e.g., Faja et al., 2016). Faja et al. (2016) found that adults
with ASD differed from neurotypical participants by showing
a reduced sensitivity to emotional information in the EPN but

Impairments in social, emotional and communicative abilities
are core symptoms of autism spectrum disorder (ASD; American
Psychiatric Association, 2013). These abilities are closely related
to eye gaze and facial emotional expression processing (Adams
and Kleck, 2003). Many studies have shown that gaze processing
deficits in autism may be due to impairments in using eye
gaze as a proxy to understand facial expressions, intentions,
and mental states of others (Baron-Cohen, 1995; Baron-Cohen
et al., 1997, 2001; Leekam et al., 2000). The struggle to recognize
emotions from facial expressions is one of the earliest identifiable
markers of ASD (Dawson et al., 2005). In a large sample Reed
et al. (2020) have found behavioral and genetic evidence for
poorer emotion recognition with increasing autistic traits. In
neuroimaging studies using facial emotion recognition tasks
(Harms et al., 2010), individuals with ASD demonstrated altered
processing (Johnson et al., 2015) in the amygdala (Dalton et al.,
2005), fusiform gyri (Pierce et al., 2004; Pierce and Redcay,
2008), and posterior superior temporal gyri (Pelphrey et al.,
2005). On the behavioral level, individuals with ASD have
shown altered emotion recognition of positive and negative facial
expressions with larger impairments in processing fear, anger,
sadness, and disgust emotions as compared to happy emotions
(Wong et al., 2008). However, in some previous studies there were
no performance differences between individuals with ASD and
typically developing (TD) children in facial emotion recognition
tasks (Castelli, 2005; Jones et al., 2011; Fink et al., 2014).

Event-Related Potential Studies on Face
and Eye Gaze Processing in Autism
Spectrum Disorder
Event-related potential (ERP) studies indicate difficulties of
individuals with ASD in orienting to social stimuli. This was
demonstrated by a reduced or delayed N170 response to
faces, which may indicate impaired structural processing of
faces (Samaey et al., 2020) or diminished emotion recognition
(Chronaki, 2016). The N170 is one of the most frequently
investigated face-sensitive ERP components, and is also
associated with eye gaze processing (Pelphrey et al., 2005; Senju
et al., 2005b; Webb et al., 2006). The N170 is therefore of great
interest for investigating altered face processing in autism [for
reviews see Monteiro et al. (2017) and Kang et al. (2018)]. In
individuals with ASD, as compared to TD, longer N170 latencies
to faces and smaller amplitudes to emotional facial stimuli have
been found (de Jong et al., 2008; Batty et al., 2011; Tye et al.,
2014). For example, Webb et al. (2006) reported longer N170
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expression and intentions from his/her face. Tanaka and Sung
(2016) believed that this avoidance behavior is the most plausible
explanation for the autistic deficits found so far. To investigate
such interaction strategies, methodologies such as eye-tracking
provide valuable behavioral measures of individuals with ASD.

not in the preceding P1 or N170 components. The authors
concluded that the N170, which is associated with perceiving
information that is needed to distinguish faces from other object
categories (Bentin et al., 1996), is not modulated differentially by
emotional expressions in adults with ASD relative to neurotypical
adults. All in all, a diminished EPN in adults with ASD suggests
that emotional cues are perceived or attended less than in
normotypical individuals. However, to the best of our knowledge,
there are no such studies on children with a diagnosis of autism
or high on autistic traits. It remains to be seen, however, whether
this is also the case in children with high autistic traits.
Interactive aspects of facial emotion expression perception
and eye gaze processing are often emphasized as crucial issues
in autism (Grice et al., 2005; Senju et al., 2005b; de Jong et al.,
2008; Akechi et al., 2010; Tye et al., 2013). Akechi et al. (2010)
investigated the neural correlates of processing facial expressions
with different gaze directions. Approach-oriented expressions
(e.g., anger) combined with direct gaze elicited a larger N170
than avoidance-oriented expressions (e.g., fear) combined with
averted gaze in TD children but less so in the ASD group.
This finding suggests that gaze direction modulates the effect of
emotional facial expressions. In an attention cueing task, de Jong
et al. (2008) presented fearful and neutral faces with different gaze
directions either in static and dynamic conditions. Children with
ASD processed gaze cues typically when static neutral faces were
presented, exhibiting larger N200 amplitudes and shorter RTs
in validly cued conditions. However, in the dynamic condition,
attention orienting was influenced by emotion only in the control
group but not in the ASD group. These effects were taken
to suggest an impairment of processing social information in
individuals with ASD. Emotional expression and gaze direction
interact, and jointly contribute to approach- or avoidance-related
basic behavioral motivations.
The interaction of face and eye gaze processing is in line
with the “shared signal hypothesis” (SSH; Adams and Kleck,
2003), which postulates that when gaze direction matches the
intent communicated by a specific expression, it enhances
the perception of that emotion. For example, happy and
angry expressions are both categorized as “approach-oriented
emotions,” and hence are usually better recognized in faces that
look directly at the observer. In contrast, disgusted and sad
expressions are categorized as “avoidance-oriented emotions,”
and are more easily recognized when accompanied by an averted
gaze. Importantly, it is suggested that children with ASD have
difficulties in recognizing other’s facial expressions, especially
anger (Bal et al., 2010). It is therefore of great interest to study,
whether autistic individuals can benefit from this interaction of
emotional expression and gaze direction in the same way as
normal controls do, and to see if the SSH relates to other concepts
about how ASD individuals processes facial expressions and eye
gaze. For example, the “eye avoidance hypothesis” proposes that
atypical gaze behavior in autistic individuals is due to a lack of
social interest (Tanaka and Sung, 2016). Tanaka and Sung (2016)
consider avoidance of the eye region as an adaptive strategy for
autistic individuals, as they often perceive eye gaze as socially
threatening and unpleasant. However, avoiding the eyes severely
limits the possibility of recognizing a person’s identity, emotional
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Eye-Tracking Studies on Face and Eye
Gaze Processing in Autism Spectrum
Disorder
Eye-tracking technology has been adopted in autism research for
studying atypical gaze fixation on primary facial regions, such
as the eyes. Chita-Tegmark (2016) conducted a meta-analysis of
68 studies on the allocation of attention in autistic individuals,
inferred from fixation durations on faces, specific face regions
(eyes, mouth), the body and non-social stimulus elements. The
findings confirmed the commonly assumed atypical gaze patterns
in autism. Across all studies, gaze times on the eyes, mouth,
and face were reduced in autistic individuals as they looked
more at the body and less at social details. According to the
author, although effect sizes are small, gaze behaviors of autistic
individuals consistently differ from healthy controls (also see
Papagiannopoulou et al., 2014).
The findings on eye avoidance, a critical feature of face
perception in individuals with ASD, suggest that recognition
of basic emotions in autism is deficient, especially when the
eye region is relevant. Individuals with ASD are less able to
understand the “language of the eyes” and often cannot clearly
assign subtle information from eye signals (Baron-Cohen et al.,
1997). Song et al. (2012) examined the ability to recognize
emotions in autistic children aged 6–12 with regard to looking at
eye regions. They observed that it was easier for autistic children
to look into another person’s eyes while processing positive
emotions than negative emotions. In emotion recognition
for happiness, autistic individuals were able to assess facial
expressions using the eye region as competently as TDs. This
seems to contradict the “eye avoidance hypothesis.” However,
the authors suggested that atypical gaze behavior in autism is
more likely to result in recognition of negative emotions, such
as an angry facial. Later, Song et al. (2016) found that autistic
individuals show a remarkable reduction in the processing of the
eye region and an increased processing of the mouth region in
fearful faces, when compared to their TD group. The authors
suggested that autistic individuals may look less in the eyes of
fearful faces because they experience a higher level of arousal,
making them feel uncomfortable.
Support for differences in gaze behavior and its influence
on the ability of autistic individuals to recognize emotions is
not universal. Thus, Hernandez et al. (2009) examined the gaze
behavior of autistic and healthy adults during the exploration
of neutral and emotional facial expressions by means of eye
tracking. In contrast to previous work assuming that individuals
with ASD show a general disinterest in the eye region, both
autistic and TD adults looked more frequently at the eye region
than at other areas of the face. However, this study with only 11
adults with ASD was low powered. In an emotion 1-back task,
Leung et al. (2013) studied fixation behavior in autistic children
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and neutral facial expressions in children with varying degrees of
autism traits. We were particularly interested in studying whether
the processing of emotion was influenced by gaze direction (or
vice versa), and how this interaction relates with autism trait.
Experiment 2 compared two groups of children with and without
diagnosis of ASD, matched in age, sex, and cognitive abilities, in
an emotion classification task with faces of different expressions
and gaze directions, while eye movements were recorded.

and TD children when they looked at pictures of disintegrated
faces (with eyes separated) and normal faces. The results showed
no difference between the groups with regard to the ability to
recognize emotions and the number of fixations. Since both
groups fixated the eyes more often and performed better when
the eyes were presented together, the authors argued that also
for individuals with ASD the eyes are the most important source
of information during emotion recognition. However, since the
autistic group showed increased fixation durations, recognizing
emotions from the eyes may have been more effortful for them.
Matsuda et al. (2015) also failed to find group differences between
children with ASD and TD children in their fixation behavior at
static emotional facial expressions (including surprise, happiness,
anger, and sadness). Participants in both groups fixated longer on
the eye regions of angry and sad than surprised faces but fixated
longer on the mouth region in surprised and happy than angry
and sad faces. According to the authors, this complements prior
findings, showing the key role of the eye region in recognizing
angry and sad expressions, and the importance of the mouth
region for the recognition of surprised and happy faces.
Together, the findings on the influence of gaze behavior
on facial perception and emotion recognition from facial
expressions are inconsistent. Atypical gaze patterns seem to be
generally well documented for autistic children and adolescents
(Papagiannopoulou et al., 2014) but the effects of these differences
and their manifestations in the preference or avoidance of certain
facial regions are still unclear. However, the atypical avoidance
of the eye region could explain autistic deficits regarding the
processing of fear expressions (Lozier et al., 2014; Tell et al., 2014).
In the few existing studies on the ability to recognize emotions
from facial expressions, priority was given to facial stimuli of
adults for selected emotions. As a result, there is a lack of research
into the relationships of processing facial expressions and gaze
perception and eye movements in autism, especially in children.
Recently, the Research Domain Criteria (RDoC) approach
advocates a shift from treating mental disorders as categories
to examining the continuum of symptom severity and diversity
spanning the entire population (Insel et al., 2010; Cuthbert, 2015).
In line with this approach, a growing body of studies investigated
autism-associated social, emotional and communicative traits in
the population, involving a broad range of individuals within or
outside the autism spectrum (Abu-Akel et al., 2019). In line with
RDoC, adaptive and maladaptive traits need to be characterized
from a multimodal perspective, involving neural correlates and
behavioral manifestations. Therefore, describing behavioral and
neural correlates and associations of facial expression processing
and their interactions with gaze direction and how they relate
with continuous autism traits and clinical manifestations may
contribute to better understanding of autism at a mechanistic
level. The results of such an approach have the potential to
explain hitherto reported mixed findings in neuro-typical and
clinical populations.
Toward these aims, we report two experiments investigating
the interactions between facial expressions and gaze direction
and their relationship to social, emotional and communicative
impairments in children with different degrees of autistic trait
expressions. Experiment 1 recorded ERPs in response to angry
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EXPERIMENT 1
In Experiment 1 we investigated whether autistic traits in children
modulate ERPs related to emotion and gaze processing. Based
on the SSH, we studied the interaction between emotional
expression and static and dynamic gaze directions. We presented
angry and neutral faces with direct and averted gaze, requiring
the detection of occasional gaze changes. Based on the findings
from the general populations (Latinus et al., 2015), we expected
individuals with low autistic traits to show larger N170
amplitudes to faces with averted gaze or changing from direct
to averted gaze, compared to the opposite direction. In line with
the reported atypical orienting to social stimuli in individuals
with ASD (Senju et al., 2005b), we expected this effect to become
smaller with higher autistic traits. Moreover, in line with studies
using comparable stimulus materials (Senju et al., 2005a; Akechi
et al., 2010; Tye et al., 2013, 2014), we expected the gaze effect on
the N170 should be stronger for emotional than for neutral faces.
Such an interaction of emotion and gaze should diminish with
increasing autism trait.

Methods
Participants
Forty-seven Chinese children from the Hong Kong region
participated in the study; 16 were excluded because of technical
electroencephalography (EEG) issues (n = 4), termination of the
session prior to completion (n = 1), noisy EEG data (n = 5), or
excessive data loss after EEG preprocessing (n = 7), resulting in
a final sample of 30 children (19 boys, 11 girls with range 9–
12 years, M Age = 10; M IQ = 100). All children had been tested with
the Autism Diagnostic Observation Schedule – Second Edition
(ADOS-2; Hus and Lord, 2014; see details below/Minscore = 1,
M score = 3.72, Maxscore = 12). Both the participant and his/her
parent or caretaker signed informed consent, as approved
by the institutional ethics review board of the Hong Kong
Baptist University.

Autism Diagnostic Observation Schedule
The ADOS-2 (Hus and Lord, 2014) is a standardized, semistructured observational assessment tool used to diagnose ASD
and is considered a “gold standard” diagnostic instrument. The
ADOS-2 is considered more objective as compared to selfreport autistic measures, such as the autism-spectrum quotient
(AQ). In particular, the ADOS-2 score is not affected by
response biases, individual differences in introspective ability,
and honesty of the respondents. The ADOS-2 comprises of
four modules designed for different age and language fluency
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levels. For the present study, Module 4 of the ADOS-2
was used, including the communication and social interaction
domains and taking approximately 45 min. The interview was
administered and scored by a licensed clinical psychologist
according to the diagnostic algorithm outlined in the manual,
which can be categorized into non-spectrum, autism spectrum,
or autism. In the present study ADOS-2 score was treated as a
continuous variable, where a higher score indicates a higher level
of autistic trait.

Face Stimuli
A total of 16 frontal view faces (10 females, 6 males) were selected
from the child affective facial expression (CAFE) database
(LoBue, 2014; LoBue and Thrasher, 2015) with two different
expressions (neutral, angry) and with direct and averted gaze.
Gaze direction was photo-edited and the size and position of
the faces on the screen was standardized. The eyes were placed
at the same horizontal and vertical positions of the screen for
every facial picture; and external facial features, such as hair
or visible clothing were removed by placing the image into an
oval mask. Apparent gaze motion was created from static images
by sequentially presenting images with different gaze direction
(Figure 1). Therefore, it was important to ascertain that only
eye gaze changed between the seamlessly presented pictures with
different gaze directions. We manipulated the stimuli as follows:
for each individual and emotional expression, the eye region of
a picture of the same individual in the data base with averted
gaze was copied and carefully pasted into the eye region of
the corresponding picture with direct gaze by means of Adobe
Photoshop software (version CC 2015, Adobe Systems, San Jose,
CA, United States). For each emotion, two gaze changes (from
left or right averted to direct gaze and vice versa) and a condition
without gaze change were created, with 20% non-change trials
in total to prevent expectation effects. Half of all change-trials
involved a gaze change from an averted to a direct gaze direction,
whereas the other half was a change from direct to averted
direction. The emotional type and intensity of the face stimuli
were rated by 33 Hong Kong Chinese children aged between
8 and 12 years. The face emotions were correctly identified by
78–100% of the raters.

FIGURE 1 | Trial scheme of Experiment 1. Presentation of the fixation cross
(FIX) for 800 ms, followed by the first picture with one of two emotional
expressions and one of three gaze directions (START) for 1 s, and (in most
trials) the gaze change (CHANGE) shown for 1 s; a blank screen prompted a
button-press decision, whether a change had occurred or not (RESPONSE).
The pictures are for illustration only and were neither taken from the CAFE
database nor used in the experiment.

impedances were kept below 20 k using ECI Electro-GelTM .
Common reference electrode during recording was CPz. Four
additional KendallTM H124SG ECG electrodes were placed above
and below the left eye and at the outer side of each eye to
record eye movement.

Data Analysis
Participants’ responses were recorded by EPrime software
(version 2.0). Mean accuracy data of each participant and
condition were analyzed. Overall response accuracy in the change
detection task was high with a mean of 96.81% (SD = 0.03)
correct responses. No participant gave less than 92.82% correct
responses. Response times were not included in the analyses
because the task was unspeeded. There were a total of 378 trials
per participant. Each trial consists of two intervals, START (the
initial face presentation) and CHANGE (gaze change). In the
change interval, those cases without changes were dropped from
the analysis, leaving 210 trials for START interval and 168 trials
for the CHANGE interval. To examine ERP effects of direct
eye gaze compared to gaze aversion, the ERPs in the START
interval were pooled for the gaze conditions left averted and right
averted. Thus, there were just two gaze categories per interval:
direct and averted. As a result, for START intervals, each emotion
condition (i.e., neutral and angry) had 49 direct trials and 56
averted trials. For the CHANGE intervals, we pooled direct to left
averted and direct to right averted trials plus pooling left-averted
to direct and right-averted to direct trials, yielding 42 trials for
each combination of gaze direction and emotion.
Electroencephalography data were preprocessed in MATLAB
R2019a (The MathWorks Inc., Natick, MA, United States) and
EEGlab v14.1.1b (Delorme and Makeig, 2004). High- and lowpass filters were set to 0.02 and 30 Hz, respectively. Continuous

Experimental Design
Figure 1 provides a visualization of the trial structure. Pictures of
angry or neutral faces with or without gaze direction change were
presented. In most trials, the gaze direction changed after 1000 ms
from direct to averted or vice versa. After the disappearance
of the second image, a blank screen was shown, during which
participants should indicate by pressing a left or right button
whether the gaze had changed or not.

Electroencephalography Recording
Upon arrival, the parent or caretaker was asked to leave the
room during EEG preparation and the experiment. Participants
were seated approximately 60 cm away facing an LCD monitor
in a dimly lit, sound-attenuated room. The EEG was sampled
at a rate of 1000 Hz from 38 Ag/AgCl electrodes mounted
in a cap (WaveguardTM original) plus one nose reference and
connected to an amplifier (eegoTM mylab, ANT Neuro). Electrode
Frontiers in Human Neuroscience | www.frontiersin.org
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η2 = 0.054]. Thus, EPN amplitudes in the angry condition
were more negative than in the neutral condition (−1.42 vs.
−0.87 µV). There was no effect of gaze direction for the
EPN, nor was there an interaction between emotion and gaze
[F(1,29) = 0.01, p = 0.09]. There was no correlation between the
Autism Diagnostic Observation Schedule (ADOS) score and any
ERP parameter during the start interval.
In the following CHANGE interval, there was a main effect
of gaze change on N170 amplitudes at the time window of
220–270 ms [F(1,29) = 5.48, p = 0.02, η2 = 0.0581]. The ERP
was more negative for averted than for direct gaze (−3.63 vs.
−3.18 µV) (see Figure 3). No significant effect was found
on the N170 amplitudes in time window of 150–190 ms
[F(1,29) = 0.01, p = 0.08]. There was neither main effect of
emotion nor interaction.
For the EPN ROI there were no significant main effects or
interactions in any of the measurement intervals.
Within the early interval (150–190 ms) of N170 in change
interval, there was a significant correlation (Spearman rank-order
correlation) of ADOS and the individual gaze change effect for
angry faces (ERPs in the direct to averted condition minus the
averted to direct condition): r = 0.35; p < 0.05 (vs. neutral r = 0.24;
p > 0.05) (see Figure 4). The positive correlation indicates that
participants with low ADOS scores tended to show the commonly
observed larger N170 amplitudes to dynamic gaze changes from
direct to averted than for averted to direct. As ADOS scores
increased, the gaze effect on the N170 diminished, yielding a
positive relationship.

data was re-calculated to average reference and cut into 1.4s epochs, including a 100 ms pre-stimulus segment, used for
baseline corrections from 50 ms to stimulus onset. On average,
75.2% (M = 286.0 intervals out of 378 total intervals, SD = 44.8)
of all epochs per participant remained for analysis (START: 128
epochs; CHANGE: 158 epochs). Epochs were removed if they
contained extreme values exceeding ±80 µV in any channel.
A total of 3.4% of all epochs was excluded because voltages
in at least one channel had exceeded ±100 µV (START: 2.5%;
CHANGE: 4.4%). ICA was used for eye artifact correction. In
total, 12.2% of all epochs was excluded because of eye-movement
artifact removal by ICA.
Electrodes and regions of interest (ROIs) were chosen in line
with the literature but generally also confirmed in the present
data. The electrodes chosen for N170 analysis were P7 and P8 in
line with sites of large eye gaze effects (e.g., Latinus et al., 2015).
For each condition and participant, average ERPs were generated
for epochs synchronized to face onsets and to gaze changes.
First, for detecting the N170 amplitude, the minimum voltage
was identified in a broader time window from 150 to 300 ms
to stimulus onset and after stimulus gaze change. Two distinct
time windows (150–190 and 220–270 ms) were extracted from
this broad window to make the N170 amplitude easier to observe
and score within individuals. Next, the ERP peak amplitude at its
latency was measured.
For the EPN, a region of interest (ROIs) was defined according
to the literature (Rellecke et al., 2011; Bublatzky et al., 2017): P8,
PO8, O2, Oz, O1, PO7, P7, PO5, PO6, PO3, PO4. The averaged
EPN amplitude across these electrodes was quantified as mean
amplitude in the time windows 200–250, 250–300, 300–350, and
350–400 ms after stimulus onset, separately for the START and
CHANGE intervals.

Discussion
In Experiment 1 we investigated whether ERPs associated with
emotion and gaze processing are related to the degree of autistic
trait in children. Results concerning the correlation between
ADOS scores and ERPs indicate that gaze effects to angry faces
and each sub-score of the ADOS (communication and reciprocal
social interaction) and the total score were positively correlated,
albeit modestly. This correlation across participants was observed
in the absence of a gaze effect on the group mean.
Similar to previous reports (e.g., Batty et al., 2011), children
in our study showed a very large right-lateralized P1 to the onset
of visual stimuli (in the START interval; see Figure 2). Therefore,
any experimental effects on the N170 during the START interval
were superimposed by the P1, possibly pushing N170 latency
toward larger values or just obscuring this component. A gaze
effect was only seen in the change interval on the N170
component between 220 and 270 ms at electrodes P7 and P8. This
gaze effect followed the typical pattern observed in non-social
tasks: gaze aversion (gaze averting to the left or right from direct)
elicits a larger negativity than gaze moving from averted to direct.
de Jong et al. (2008) and Akechi et al. (2010) also found
differences between ASD and TD groups at P1 and N170.
They showed that in ASD individuals, integrating emotional
facial expressions and gaze direction is impaired at the level
of visual analysis. Nevertheless, we observed a strong early
effect of emotion on the N170 in the START interval, which
was followed by a typical EPN effect. There were no emotion

Statistical Analysis
Statistical analyses of ERP peak amplitudes and topographies
were performed with MATLAB R2019a and the R Software
for Statistical Computing (Version 3.2.2). Analyses of variance
(ANOVA) were performed on ERP amplitudes with repeated
measure on factors Gaze direction (averted, direct) and
Emotion (neutral, angry), separately for the START and
CHANGE intervals. The sphericity assumption was assessed
using Mauchly’s test and adjustments were made applying
Huynh–Feldt correction, if needed. Pairwise comparisons were
performed between emotional categories, adapting p-values
according to the Bonferroni correction method.

Results
The ERPs to the initial face presentations (START interval)
showed a significant effect of emotion on N170 amplitudes during
the 220–270 ms interval [F(1,29) = 22.28, p = 0.02, η2 = 0.291],
with larger amplitudes to anger (P7: −4.27 and P8: −3.57) than
neutral expressions (P7: −3.23 and P8: −1.89) (see Figure 2).
There was no effect of gaze direction for the N170 component
[F(1,29) = 1.95, p = 0.07], nor was there an interaction between
emotion and gaze [F(1,29) = 0.01, p = 0.09].
For the EPN component, an emotion effect was observed
in the 200–250 ms time window [F(1,29) = 6.17, p = 0.01,
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FIGURE 2 | Grand average ERPs in the START interval. Top: ERPs at electrodes P7 and P8 for neutral and angry expressions. Bottom: Scalp topographies of the
emotion effect (angry minus neutral) for the time window of 200–250 and 250–300 ms.

effects in the CHANGE interval, which is not surprising
because in this condition only gaze direction but not the facial
expression changed.
Early emotion effects have been reported in a number of
studies with adults (Faja et al., 2016). Rellecke et al. (2013)
suggested that the N170 may be overlapped by early onset EPN
signals. Since only one study (Faja et al., 2016) measured N170
and EPN components simultaneously, it is difficult to tell how
far the effects of facial expressions found in the N170 component
were driven by overlapping EPN effects (Rellecke et al., 2013). In
Faja et al. (2016), fearful facial expressions elicited larger N170

Frontiers in Human Neuroscience | www.frontiersin.org

amplitudes than neutral expressions, whereas the EPN was larger
to neutral as compared to fearful faces in both ASD and TD
groups. It was therefore argued that there is a genuine emotion
effect on N170 amplitude. Only Vlamings et al. (2010) and Tye
et al. (2014) found main effects of emotion on N170 latency
in ASD individuals. Of note, most of the studies reported a
main effect of emotion and emotion by group interactions for
amplitude and latencies during the processing of fearful and
neutral facial expressions. Other emotional expressions have been
neglected so far. Some studies reported a main effect of facial
emotions only for the control groups, but not for the ASD groups
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FIGURE 3 | Grand average ERPs in the CHANGE interval. Top: ERP waveform of gaze conditions at electrode P7, P8. Bottom: Scalp topographies of the gaze
effect (ERPs in the direct to averted condition minus the averted to direct condition) in the time segments 150–190 ms (ns) and 220–270 ms.

(see Monteiro et al., 2017 for a review). In summary, studies
generally indicate differences between ASD and TD individuals
in the discrimination of emotional facial expressions, which may
thus be a differential characteristic of ASD.

matched groups of children diagnosed with ASD and TD
children were recorded.
According to numerous reports (Kuusikko et al., 2009;
Uljarevic and Hamilton, 2012; Lozier et al., 2014), autistic
individuals perform worse in recognizing emotional facial
expressions than healthy controls, especially in regard to negative
emotions such as fear, sadness (Pelphrey et al., 2005; Ashwin
et al., 2006; Wallace et al., 2008; Tell et al., 2014), and anger
(Rump et al., 2009; Law Smith et al., 2010; Tanaka et al., 2012;
Lozier et al., 2014). However, the pattern of gaze direction of
the expressor face in combination with positive or negative facial
expressions has not yet been extensively studied. Therefore, the

EXPERIMENT 2
While in Experiment 1 emotional expression was not taskrelevant but an implicit variable, Experiment 2 required explicit
classification of emotional facial expressions, with gaze direction
being implicitly manipulated. Eye movements in two closely
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FIGURE 4 | Correlations between the sum sore of the ADOS scale and the gaze effect to angry (top) and neutral faces (bottom) (data are untransformed; correlation
is Spearman). Exclusion of extreme values neither changed the positive slope nor the significance of the correlation (r = 0.32; p < 0.05).

task in Experiment 2 required the classification of facial emotions.
In order to avoid ceiling effects, we used composite faces where
two different emotions were shown in the top and bottom halves,
one of which was to be classified. All faces were presented either
with direct or averted gaze. Following the assumptions of the
SSH, we expected that classification performance in approachoriented emotions (e.g., happiness and anger) would be better
when gaze was direct and in avoidance-oriented emotions (e.g.,
disgust and fear) when gaze was averted. This effect was expected
to be diminished in autistic individuals.
In addition to measuring classification accuracy, we tracked
the eye gaze behavior of the participants. If the relevant face
half was at the bottom, we expected eye movements to be
reflexively attracted to the eyes. This effect was assumed to be
less pronounced in the ASD group. If the top half of the face was
relevant, the particular emotion was expressed mostly around the
eye region, that is, fixation on the eyes should be helpful for task
performance. If individuals with ASD tend to avoid eye contact,
we expected them to fixate less on the eyes than normal controls,
especially in expressions with direct gaze.

Frontiers in Human Neuroscience | www.frontiersin.org

Methods
Participants
By applying propensity score matching (Austin, 2011), 22
German-speaking TD children were matched by age (8–18 years),
sex and intelligence with 22 children with a diagnosis of ASD (8
females and 14 males). The clinical diagnosis of ASD (DSM-V)
was given or confirmed by an expert adolescent psychiatrist and
substantiated by reviewing the medical files of the individuals
in addition to the available diagnostic documents. More than
half of the ASD sample received extensive clinical training
targeting social competencies prior to study participation. In
addition, subgroup of (n = 9) autistic children were reported
by the clinician to be hitherto poorly trained with respect to
social competence. The study was conducted in according to
the Declaration of Helsinki and it was approved by the Ethics
Committee of the University of Greifswald.

Stimuli
Stimuli were taken from the child affective facial expression
(CAFE) database (LoBue, 2014; LoBue and Thrasher, 2015)
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consisting in 48 images of 8 different identities. Faces of four girls
and four boys (between the ages of 4.6 and 6.8 years) displaying
expressions of six basic emotions were selected according to
the accuracy of the expression. The images were modified and
optimized for the experimental design (see Figure 5) using
Adobe Photoshop CS6 2012 (by Adobe Systems and the Adobe
Photoshop development team © 1988–2016, Version 3.0 × 64).
The external features of the faces, such as ears and hairline
were removed by overlaying an elliptical mask. Then, the faces
were horizontally divided at the middle of the bridge of the nose.
Thus, half-faces of each emotional expression and each individual
picture were prepared for recombination. Face halves were
reassembled within a given identity according to a composite
design scheme. Nine different re-combinations per identity were
created, yielding a total of 72 composite faces. Upper face
halves showed fear, sadness, or anger, emotions that are most
easily recognized in the top part of the faces and lower facehalves showed happy, surprise, or disgust, emotions that are best
recognizable from the lower face (see Figure 5). The separation
line between the face halves was always visible. Each composite
face was 200 × 300 pixels in size. Figure 5B shows examples for
composite faces of a female identity. Finally, 36 composite faces
were edited to change gaze direction (18 faces each displaying left
and right averted gaze) while 36 faces showed direct gaze.

not to move their heads, but keep their eyes on the screen. The
raw data of the eye tracker were converted into fixation points on
the screen surface using a coordinate system. The resolution of
the eye tracking system was 17 ms, which is also the lower bound
of the fixation times. Worthy to mention, the eye tracking data
was analyzed based on all eye gaze position at every time point.
Eye tracking behavior was analyzed in two ways. Firstly, the
mean of the median vertical position on the screen was calculated
for 10 consecutive intervals of 200 ms for a total of 2 s from
stimulus onset. This was done for each combination of emotional
expression, gaze direction of the face on display, and participant.
Since the vertical position in the picture does not allow to
address the question whether the eyes were directly fixated when
participants looked at the upper half of the faces, we conducted
an additional more fine-grained analysis of the fixation behavior
in the upper face half. Three regions were defined in the upper
face half, representing each eye and the area in between (see
Figure 5C). Then, we determined the total fixation duration in
each of these regions during four consecutive intervals of 500 ms
after stimulus onset. From these fixation durations we calculated
an eye avoidance index (EAI), reflecting the relative amount of
time spent outside as compared to inside the eye regions

EAI = FDinter−eye − FDleft eye + FDright eye /FDupper face

Experimental Design

where FD is the fixation duration, and the indices inter-eye, left
eye, right eye, and upper face correspond to the designated face
regions (see Figure 5C). The larger EAI, the less time is spent on
the eye area if fixation is in the upper face half.

The emotional composite face task validly and reliably measures
the ability to recognize emotion expression (e.g., Wilhelm et al.,
2014; Hildebrandt et al., 2015). Figure 5A shows an example for
one trial. Each trial began with a fixation cross presented for
200 ms in the middle of the screen, followed by a composite face
together with six color-framed labels for the six emotions and
a prompt (“TOP” or “BOTTOM”) placed above the composite
face, cueing which face half was to be categorized. Emotion labels
and the face remained on the screen until a decision was made
about the displayed emotion by clicking one of the emotion
labels with the mouse. The task started with nine practice trials,
where participants were given feedback about the correctness of
their response. In the following experimental trials, no feedback
was provided. In total, 72 experimental trials were presented
in random order.

Results
Performance accuracy is shown in Figure 6. Clearly, fear was
extremely difficult to classify and surprise processing was not
influenced by gaze direction or group at all. We therefore
confined all further analyses to the expressions of happiness,
anger, disgust, and sadness, orthogonally combing the display
in the top and bottom halves of the composite faces (anger
and sadness vs. happiness and disgust) and the tendency to
approach and avoid (happiness and anger vs. disgust und
sadness). ANOVA with factors group and repeated measures
on emotion (four levels) and gaze direction yielded a main
effect of group, indicating that individuals with ASD showed
lower accuracy than TD participants [F(1,54) = 4.37, p = 0.04,
η2 = 0.0208]. In addition, main effects of gaze [F(1,54) = 7.34,
p = 0.001, η2 = 0.0119] and emotion [F(3,162) = 1.39,
p = 0.001, η2 = 0.0901], and an interaction of emotion
and gaze [F(1,162) = 7.91, p = 0.001, η2 = 0.0358] were
observed. As illustrated in Figure 6, these effects are due to
variable performance accuracy across emotions (M anger = 0.65;
M disgust = 0.55; M happy = 0.56; M sadness = 0.36), better emotion
recognition for expressions with direct than averted gaze
(M = 0.56 vs. 0.37) and the gaze effect depending on emotion,
being largest for happiness, intermediate for anger and sadness,
and intermediate for disgust. However, there was no significant
interaction of group with emotion, gaze, or both factors
(Fs < 1). The ANOVA was repeated for the subgroup of autistic
children less trained in social competence. Again, no significant

Eye Tracking
The gaze behavior of participants was tracked with a remote
device [Eye Tribe Tracker (from The Eye Tribe ApS © 2013–
2016)], recording binocular fixation positions in 60 Hz mode
using an integrated camera. The eye tracker was placed below
the monitor aiming at the eye region of the participant. Prior
to the task, the device was calibrated twice by instructing the
participants to follow the movements of a sphere across the
screen with their eyes. If this calibration process was completed
with satisfactory quality (at least three out of five “stars”), the
experiment started. If necessary, participants were given feedback
about the tracking quality on the screen, allowing to correct their
sitting position, direction of view or posture. The distance to the
eye tracker was individually adjusted to achieve the best possible
measurement quality. During the experiment, participants were
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FIGURE 5 | Experiment 2. (A) Temporal sequence of a trial in the emotion composite task. Example trial with the target emotion “disgust” at the bottom half of the
face. (B) Examples of emotional composite faces. (C) Parameterization of the variables for gaze behavior. The axes show pixels coordinates on the screen. The
pictures are for illustration only and were neither taken from the CAFE database nor used in the experiment.

interaction between emotion and group [F(1,48) = 0.71, p = 0.05]
was obtained. All other results were in line with those in
the full sample.
Figure 7 visualizes the gaze behavior within the first 2 s of
stimulus presentation. At around 500 ms after stimulus onset, a
general tendency to look at the upper half of the faces (into the eye
region or at the prompt) can be observed. This is either continued
until the end of the recording epoch, or fixation turns toward the
lower face half, depending on whether the upper or lower face
half was task-relevant (i.e., anger, fear vs. happiness, disgust). In
any case, there is no evidence for a differential main effect or
interaction of emotion with gaze direction of the stimulus face
for the participant groups. This impression was confirmed by
ANOVA with factor group, and repeated measures on gaze, for
each emotion, which did not show any significant interaction
of group and gaze: angry [F(1,42) = 0.92, p = 0.34], happy
[F(1,42) = 0.37, p = 0.54], disgust [F(1,42) = 1.53, p = 0.22], and
sad [F(1,42) = 2.55, p = 0.11].
Figure 8 shows the EAI for each emotion and gaze direction
of the composite face, superimposed for the two groups. The EAI
index indicates that except for disgust, there is mostly an overlap
between the groups. For disgust, however, the EAI revealed an
interaction of group and gaze direction of the stimulus face, as
confirmed by the ANOVA of the EAI with factor group and
repeated measures on time [F(1,42) = 6.99, p = 0.01, η2 = 0.0256].
Post hoc tests showed an effect of gaze direction for TD children
[F(1,29) = 18.03, p = 0.001] who looked more at the eyes when
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gaze was direct than when it was averted. In contrast, in the
ASD group there was no effect of gaze direction [F(1,29) = 0.68,
p = 0.4.09].

Discussion
In Experiment 2 we investigated the ability to recognize emotions
from facial expressions and its modulation by gaze direction
in ASD and TD children by means of the emotion composite
task. The observed overall lower performance of the ASD group
as compared to TD children might reflect a global deficit in
categorizing facial expressions as reported in many other studies
(Wong et al., 2008; Chronaki, 2016). However, since we had no
non-emotional control task, it might also reflect a more general
phenomenon in the ASD group, e.g., task compliance related
differences between the groups.
Gaze behavior was strongly modulated by the position of the
relevant face half. For emotions in the lower half (happiness,
disgust) there was a tendency to look at the upper face half
after which fixation returned to the lower half. Importantly, this
was not modulated by the gaze direction of the picture nor by
the participant group. For the emotions displayed in the upper
face half, the participants’ fixations remained in this part but
again, there was no modulation by picture gaze or group. In
contrast with Tanaka and Sung (2016), it is noted that none of
the present findings support the active avoidance of eyes in ASD
individuals, even in direct gaze conditions, which should have
been evident in our EAI.
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FIGURE 6 | Mean performance accuracy of the ASD and TD groups for all emotion conditions and direct and averted gaze of stimulus faces.

FIGURE 7 | Emotion composite task. Mean of median vertical gaze positions of the ASD (red) and TD (blue) groups during the first 2 s after stimulus presentation in
consecutive time bins of 200 ms.
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FIGURE 8 | Eye avoidance index (EAI) for the ASD (red) and TD (blue) groups during the first 2 s after stimulus presentation in intervals of 500 ms for all emotions
and both gaze directions of the stimulus faces.
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seems to fit the hypothesis: avoiding/averting gaze is a signal
shared with the non-affiliative emotion of anger in neurotypical
(low ADOS) individuals. And the loosening or reversal of this
association at higher ADOS scores is in line with what one might
expect for higher autistic trait expression. Hence, these data are
consistent with the observation that in a naturalistic setup, in
which dynamic emotional gaze cues require the integration of
emotional information and gaze information, individuals with
ASD differ from TD individuals in their responses to eye gaze in
emotional faces.
Although in Experiment 2 only a global deficit in emotion
recognition, independent of the particular emotion and gaze
direction was found between in the ASD relative to the TD
group, eye tracking data revealed that TD children fixated longer
on the eyes when the facial emotion expression was disgust,
while the ASD group did not demonstrate such pattern. Again,
this would indicate a lack of sensitivity for gaze direction in
the ASD group in the context of a specific emotion. Hence,
together, our results indicate a partially diminished sensitivity
in processing gaze direction in emotional faces among children
with ASD or high in autism trait. The relative indifference to
gaze direction may be an important problem in understanding
emotional expressions where gaze is an important constituent.
Therefore, the present findings show that indirect multimodal
measures of emotion/gaze processing may be able to uncover
subtle deficits of ASD-related traits, where performance is
not sensitive enough to indicate such problems. The present
findings indicate that it would be promising to increase the
spectrum of emotions investigated while combining eye tracking
in unrestrained viewing conditions in stimuli with varying gaze
behavior. Recent methodological advances, such as the coregistration of EEG and eye movements (Dimigen et al., 2011)
and the employment of dynamic stimuli in gaze-contingent
display situations (Stephani et al., 2020) already make such an
approach feasible.

Nevertheless, a difference between the groups was present
when disgust was the relevant emotion to be classified and when
the EAI was considered. According to this index, when the
relevant (bottom) face half showed a disgusted expression, TD
children looked more at the eyes of the composite face when gaze
was direct than when it was averted. Since the prompted face half
was in the lower part of the composite face, this effect should be
considered implicit, maybe a reflexive eye contact even though it
was task-irrelevant. In stark contrast, no such effect was present
in children diagnosed with ASD. These findings point toward an
insensitivity for gaze direction in the ASD group in an emotion,
where normal children are highly sensitive to gaze direction.
It is of interest that disgust was the only emotion condition,
where TD children showed such a gaze sensitivity. Therefore, the
present results may not support an emotion specificity of this
effect; the effect might well general to other emotions if the tasks
were more sensitive.

GENERAL DISCUSSION
To our knowledge, this is the first study reporting on the
interaction between facial emotion processing and gaze direction
in children with different levels of autistic traits. Our starting
point was that according to the SSH, approach-related emotions,
for example, happiness and anger, are more easily recognized
when the observer is directly looked at. In contrast, avoidancerelated emotions, such as sadness and disgust, are better
recognized with averted gaze. We expected that these benefits
would be less pronounced or even absent in children with ASD
as compared to TD children.
The present data provided some limited support of the
SSH in its original form. In Experiment 1, the facial emotion
expression was implicit and the gaze direction was incidental to
the task. Yet, we did not find an interaction between emotion
and gaze in the ERPs. In Experiment 2, when participants
were required to explicitly categorize emotion expressions,
performance was indeed best when gaze was direct. This effect
was most pronounced for smiles and anger, which are both
considered approach-related emotions. However, the avoidancerelated emotion, sadness, revealed a similar effect as anger, and
disgust recognition was facilitated by direct as compared to
averted gaze, albeit with a relatively small effect.
Although the SSH cannot only partially account for the full
pattern of associations revealed by the present data in TD
children, we found some evidence that autistic trait is related
to diminished sensitivity to gaze in the context of processing
facial emotions. Although there was no interaction of gaze
direction and emotion at the group level in Experiment 1,
the gaze effect in the N170 amplitude elicited by angry faces
correlated positively with the ADOS score. This correlation is
broadly in line with the SSH, which assumes an interaction
between eye gaze and emotion. Thus, when gaze direction (from
direct to averted in our experiment) was combined with the
intent communicated by a specific expression (anger in our
study), the perceptual analysis of that emotion was enhanced.
Therefore, the observed correlation between the N170 gaze
effect in angry faces and its attenuation with increasing ADOS
Frontiers in Human Neuroscience | www.frontiersin.org

DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT
The studies involving human participants were reviewed and
approved by review board of the Hong Kong Baptist University
and Ethics Committee of the University of Greifswald. Written
informed consent to participate in this study was provided by
the participants’ legal guardian/next of kin. Written informed
consent was obtained from the individual(s) for the publication
of any identifiable images or data included in this article.

AUTHOR CONTRIBUTIONS
SB-A: conceptualization, methodology, investigation, formal
analysis, and writing – original draft. GL: investigation
and writing – review and editing. GO: formal analysis
14

February 2022 | Volume 16 | Article 733852

Bagherzadeh-Azbari et al.

Eyegaze, Facial Expressions, and Autism

and writing – review and editing. CZ: writing – review and
editing. AH: resources, conceptualization, methodology,
and writing – review and editing. WS: conceptualization,
methodology, writing – original draft, and supervision. ML:
conceptualization, methodology, writing – original draft, and
resources. All authors contributed to the article and approved the
submitted version.

and IRCMS/18-19/SCI01), and by a Ph.D. scholarship of the
German Academic Exchange Service (DAAD) to SB-A. WS was
supported by the Institute of Creativity Distinguished Visitor
Program at Hong Kong Baptist University.

FUNDING

We thank Katarzyna Obarska, Rowena Piers, and Eloise Funnell
for the help with stimulus modifications, Thomas Pinkpank for
the help with data transfer in Experiment 1, Elisabeth Kurnoth
for the data collection in Experiment 2, and Olaf Dimigen for his
advice on eye-tracking registration. We acknowledge support by
the Open Access Publication Fund of Universität Oldenburg.

ACKNOWLEDGMENTS

This work was partially supported by a grant from the Deutsche
Forschungsgemeinschaft (HI1780/2-1 and SO 177/26-1) to AH
and WS, the Hong Kong Baptist University Research Committee
Interdisciplinary Research Matching Scheme (IRMS/16-17/004

REFERENCES

Chita-Tegmark, M. (2016). Attention Allocation in ASD: a Review and Metaanalysis of Eye-Tracking Studies. Rev. J. Autism Dev. Disord. 3, 209–223. doi:
10.1007/s40489-016-0077-x
Chronaki, G. (2016). Event-related potentials and emotion processing in child
psychopathology. Front. Psychol. 7:564. doi: 10.3389/fpsyg.2016.00564
Cuthbert, B. N. (2015). Research domain criteria: toward future psychiatric
nosologies. Dialog. Clin. Neurosci. 17, 89–97.
Dalton, K. M., Nacewicz, B. M., Johnstone, T., Schaefer, H. S., Gernsbacher,
M. A., Goldsmith, H. H., et al. (2005). Gaze fixation and the neural circuitry
of face processing in autism. Nat. Neurosci. 8, 519–526. doi: 10.1038/nn
1421
Dawson, G., Webb, S. J., and McPartland, J. (2005). Understanding the nature
of face processing impairment in autism: insights from behavioral and
electrophysiological studies. Dev. Neuropsycho. 27, 403–424. doi: 10.1207/
s15326942dn2703_6
de Jong, M. C., van Engeland, H., and Kemner, C. (2008). Attentional effects
of gaze shifts are influenced by emotion and spatial frequency, but not in
autism. J. Am. Acad. Child Adolesc. Psychiatry 47, 443–454. doi: 10.1097/CHI.
0b013e31816429a6
Delorme, A., and Makeig, S. (2004). EEGLAB: an open source toolbox for analysis
of single-trial EEG dynamics including independent component analysis.
J. Neurosci. Methods 134, 9–21.
Dimigen, O., Sommer, W., Hohlfeld, A., Jacobs, A. M., and Kliegl, R. (2011).
Coregistration of eye movements and EEG in natural reading: analyses and
review. J. Exp. Psychol. Gen. 140, 552–572. doi: 10.1037/a0023885
Faja, S., Dawson, G., Aylward, E., Wijsman, E. M., and Webb, S. J. (2016).
Early event-related potentials to emotional faces differ for adults with autism
spectrum disorder and by serotonin transporter genotype. Clin. Neurophysiol.
127, 2436–2447. doi: 10.1016/j.clinph.2016.02.022
Farroni, T., Csibra, G., Simion, F., and Johnson, M. H. (2002). Eye contact detection
in humans from birth. Proc. Natl. Acad. Sci. U S A. 99, 9602–9605. doi: 10.1073/
pnas.152159999
Fink, E., de Rosnay, M., Wierda, M., Koot, H. M., and Begeer, S. (2014). Brief report:
accuracy and response time for the recognition of facial emotions in a large
sample of children with autism spectrum disorders. J. Autism Dev. Disord. 44,
2363–2368. doi: 10.1007/s10803-014-2084-z
Foti, D., Hajcak, G., and Dien, J. (2009). Differentiating neural responses to
emotional pictures: evidence from temporal-spatial PCA. Psychophysiology 46,
521–530. doi: 10.1111/j.1469-8986.2009.00796.x
Grice, S. J., Halit, H., Farroni, T., Baron-Cohen, S., Bolton, P., and Johnson, M. H.
(2005). Neural correlates of eye-gaze detection in young children with autism.
Cortex 41, 342–353. doi: 10.1016/s0010-9452(08)70271-5
Harms, M. B., Martin, A., and Wallace, G. L. (2010). Facial emotion recognition
in autism spectrum disorders: a review of behavioral and neuroimaging studies.
Neuropsychol. Rev. 20, 290–322. doi: 10.1007/s11065-010-9138-6
Hernandez, N., Metzger, A., Magne, R., Bonnet-Brilhault, F., Roux, S., Barthelemy,
C., et al. (2009). Exploration of core features of a human face by healthy and
autistic adults analyzed by visual scanning. Neuropsychologia 47, 1004–1012.
doi: 10.1016/j.neuropsychologia.2008.10.023

Abu-Akel, A., Allison, C., Baron-Cohen, S., and Heinke, D. (2019). The distribution
of autistic traits across the autism spectrum: evidence for discontinuous
dimensional subpopulations underlying the autism continuum. Mol. Autism
10:24. doi: 10.1186/s13229-019-0275-3
Adams, R. B. Jr., and Kleck, R. E. (2003). Perceived gaze direction and the
processing of facial displays of emotion. Psychol. Sci. 14, 644–647. doi: 10.1046/
j.0956-7976.2003.psci_1479.x
Akechi, H., Senju, A., Kikuchi, Y., Tojo, Y., Osanai, H., and Hasegawa, T. (2010).
The effect of gaze direction on the processing of facial expressions in children
with autism spectrum disorder: an ERP study. Neuropsychologia 48, 2841–2851.
doi: 10.1016/j.neuropsychologia.2010.05.026
American Psychiatric Association (2013). Diagnostic and statistical manual
of mental disorders, 5th Edn. Virginia: APA, doi: 10.1176/appi.books.
9780890425596.744053
Ashwin, C., Chapman, E., Colle, L., and Baron-Cohen, S. (2006). Impaired
recognition of negative basic emotions in autism: a test of the amygdala theory.
Soc. Neurosci. 1, 349–363. doi: 10.1080/17470910601040772
Austin, P. C. (2011). An introduction to propensity score methods for reducing
the effects of confounding in observational studies. Multivar. Behav. Res. 46,
399–424. doi: 10.1080/00273171.2011.568786
Bal, E., Harden, E., Lamb, D., Van Hecke, A., Denver, J., and Porges, S. (2010).
Emotion recognition in children with autism spectrum disorders: Relations
to eye gaze and autonomic state. J. Autism Dev. Disord. 40, 358–370. doi:
10.1007/s10803-009-0884-3
Baron-Cohen, S. (1995). Mindblindness: An essay on autism and theory of mind.
Cambridge, MA: The MIT Press.
Baron-Cohen, S., Jolliffe, T., Mortimore, C., and Robertson, M. (1997). Another
advanced test of theory of mind: evidence from very high functioning adults
with autism or asperger syndrome. J. Child Psychol. Psychiatry 38, 813–822.
doi: 10.1111/j.1469-7610.1997.tb01599.x
Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y., and Plumb, I. (2001). The
“Reading the Mind in the Eyes” Test revised version: a study with normal
adults, and adults with Asperger syndrome or high-functioning autism. J. Child.
Psychol. Psychiatry 42, 241–251.
Batty, M., Meaux, E., Wittemeyer, K., Roge, B., and Taylor, M. J. (2011). Early
processing of emotional faces in children with autism: An event-related
potential study. J. Exp. Child Psychol. 109, 430–444. doi: 10.1016/j.jecp.2011.
02.001
Bentin, S., Allison, T., Puce, A., Perez, E., and McCarthy, G. (1996).
Electrophysiological studies of face perception in humans. J. Cognit. Neurosci.
8, 551–565.
Bublatzky, F., Pittig, A., Schupp, H. T., and Alpers, G. W. (2017). Face-toface: Perceived personal relevance amplifies face processing. Soc. Cog. Affect.
Neurosci. 12, 811–822. doi: 10.1093/scan/nsx001
Castelli, F. (2005). Understanding emotions from standardized facial expressions
in autism and normal development. Autism 9, 428–449. doi: 10.1177/
1362361305056082

Frontiers in Human Neuroscience | www.frontiersin.org

15

February 2022 | Volume 16 | Article 733852

Bagherzadeh-Azbari et al.

Eyegaze, Facial Expressions, and Autism

Hildebrandt, A., Sommer, W., Schacht, A., and Wilhelm, O. (2015). Perceiving
and remembering emotional facial expressions - a basic facet of emotional
intelligence. Intelligence 50, 52–67. doi: 10.1016/j.intell.2015.02.003
Holmes, A., Bradley, B. P., Kragh Nielsen, M., and Mogg, K. (2009). Attentional
selectivity for emotional faces: evidence from human electrophysiology.
Psychophysiology 46, 62–68. doi: 10.1111/j.1469-8986.2008.00750.x
Hus, V., and Lord, C. (2014). The autism diagnostic observation schedule, module
4: revised algorithm and standardized severity scores. J. Autism Dev. Disord. 44,
1996–2012. doi: 10.1007/s10803-014-2080-3
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. Am. J. Psychiatry 167, 748–751. doi: 10.1176/appi.
ajp.2010.09091379
Johnson, M. H., Gliga, T., Jones, E., and Charman, T. (2015). Annual research
review: Infant development, autism, and ADHD–early pathways to emerging
disorders. J. Child Psychol. Psychiatry 56, 228–247. doi: 10.1111/jcpp.12328
Jones, C. R., Pickles, A., Falcaro, M., Marsden, A. J., Happe, F., Scott, S. K.,
et al. (2011). A multimodal approach to emotion recognition ability in autism
spectrum disorders. J. Child Psychol. Psychiatry 52, 275–285. doi: 10.1111/j.
1469-7610.2010.02328.x
Kang, E., Keifer, C. M., Levy, E. J., Foss-Feig, J. H., McPartland, J. C., and
Lerner, M. D. (2018). Atypicality of the N170 Event-Related Potential in
Autism Spectrum Disorder: A Meta-analysis. Biol. Psychiatry Cogn. Neurosci.
Neuroimaging 3, 657–666. doi: 10.1016/j.bpsc.2017.11.003
Kuusikko, S., Haapsamo, H., Jansson-Verkasalo, E., Hurtig, T., Mattila, M.-L.,
Ebeling, H., et al. (2009). Emotion recognition in children and adolescents with
autism spectrum disorders. J. Autism Dev. Disord. 39, 938–945. doi: 10.1007/
s10803-009-0700-0
Latinus, M., Love, S. A., Rossi, A., Parada, F. J., Huang, L., Conty, L., et al. (2015).
Social decisions affect neural activity to perceived dynamic gaze. Soc. Cogn.
Affect. Neurosci. 10, 1557–1567. doi: 10.1093/scan/nsv049
Law Smith, M. J., Montagne, B., Perrett, D. I., Gill, M., and Gallagher, L. (2010).
Detecting subtle facial emotion recognition deficits in high-functioning autism
using dynamic stimuli of varying intensities. Neuropsychologica 48, 2777–2781.
doi: 10.1016/j.neuropsychologia.2010.03.008
Leekam, S. R., López, B., and Moore, C. (2000). Attention and joint attention in
preschool children with autism. Dev. Psychol. 36, 261–273. doi: 10.1037/00121649.36.2.261
Leung, D., Ordqvist, A., Falkmer, T., Parsons, R., and Falkmer, M. (2013).
Facial emotion recognition and visual search strategies of children with high
functioning autism and Asperger syndrome. Res. Autism Spectr. Disord. 7,
833–844. doi: 10.1016/j.rasd.2013.03.009
LoBue, V. (2014). The Child Affective Facial Expression (CAFE) set. Databrary2
2014, B7301K. doi: 10.17910/B7301K
LoBue, V., and Thrasher, C. (2015). The child affective facial expression (CAFE)
set: validity and reliability from untrained adults. Emotion Sci. 5:1532. doi:
10.3389/fpsyg.2014.01532
Lozier, L. M., Vanmeter, J. W., and Marsh, A. A. (2014). Impairments in facial affect
recognition associated with autism spectrum disorders: a meta-analysis. Dev.
Psychopathol. 26(4 Pt 1), 933–945. doi: 10.1017/S0954579414000479
Matsuda, S., Minagawa, Y., and Yamamoto, J. (2015). Gaze Behavior of
Children with ASD toward Pictures of Facial Expressions. Autism Res. Treat.
2015:617190. doi: 10.1155/2015/617190
Monteiro, R., Simões, M., Andrade, J., and Castelo Branco, M. (2017). Processing of
Facial Expressions in Autism: a Systematic Review of EEG/ERP Evidence. Rev.
J. Autism Dev. Disord. 4, 255–276. doi: 10.1007/s40489-017-0112-6
Papagiannopoulou, E. A., Chitty, K. M., Hermens, D. F., Hickie, I. B., and
Lagopoulos, J. (2014). A systematic review and meta-analysis of eye-tracking
studies in children with autism spectrum disorders. Soc. Neurosci. 9, 610–632.
doi: 10.1080/17470919.2014.934966
Pelphrey, K. A., Morris, J. P., and McCarthy, G. (2005). Neural basis of eye gaze
processing deficits in autism. Brain 128, 1038–1048. doi: 10.1093/brain/awh404
Pierce, K., and Redcay, E. (2008). Fusiform function in children with an autism
spectrum disorder is a matter of “who”. Biol. Psychiatry 64, 552–560. doi:
10.1016/j.biopsych.2008.05.013
Pierce, K., Haist, F., Sedaghat, F., and Courchesne, E. (2004). The brain response
to personally familiar faces in autism: findings of fusiform activity and beyond.
Brain 127, 2703–2716. doi: 10.1093/brain/awh289

Frontiers in Human Neuroscience | www.frontiersin.org

Reed, Z. E., Mahedy, L., Jackson, A., Smith, G. D., Penton-Voak, I., Attwood,
A. S., et al. (2020). Examining the bidirectional association between emotion
recognition and autistic traits using observational and genetic analyses.
medRxiv 2020:20108761. doi: 10.1101/2020.05.21.20108761
Rellecke, J., Palazova, M., Sommer, W., and Schacht, A. (2011). On the automaticity
of emotion processing in words and faces: event-related brain potentials
evidence from a superficial task. Brain Cogn. 77, 23–32. doi: 10.1016/j.bandc.
2011.07.001
Rellecke, J., Sommer, W., and Schacht, A. (2013). Emotion effects on the n170: a
question of reference? Brain Topogr. 26, 62–71. doi: 10.1007/s10548-012-0261y
Rump, K. M., Giovannelli, J. L., Minshew, N. J., and Strauss, M. S. (2009). The
development of emotion recognition in individuals with autism. Child Dev. 80,
1434–1447. doi: 10.1111/j.1467-8624.2009.01343
Samaey, C., Van der Donck, S., van Winkel, R., and Boets, B. (2020). Facial
Expression Processing Across the Autism-Psychosis Spectra: A Review of
Neural Findings and Associations With Adverse Childhood Events. Front.
Psychiatry 11:592937. doi: 10.3389/fpsyt.2020.592937
Schacht, A., and Sommer, W. (2009). Emotions in word and face processing: early
and late cortical responses. Brain Cogn. 69, 538–550. doi: 10.1016/j.bandc.2008.
11.005
Schupp, H. T., Junghofer, M., Weike, A. I., and Hamm, A. O. (2003). Emotional
facilitation of sensory processing in the visual cortex. Psychol. Sci. 14, 7–13.
doi: 10.1111/1467-9280.01411
Senju, A., and Johnson, M. H. (2009). Atypical eye contact in autism: models,
mechanisms and development. Neurosci. Biobehav. Rev. 33, 1204–1214. doi:
10.1016/j.neubiorev.2009.06.001
Senju, A., Hasegawa, T., and Tojo, Y. (2005a). Does perceived direct gaze
boost detection in adults and children with and without autism? The
stare-in-the-crowd effect revisited. Visual Cog. 12, 1474–1496. doi: 10.1080/
13506280444000797
Senju, A., Tojo, Y., Yaguchi, K., and Hasegawa, T. (2005b). Deviant gaze processing
in children with autism: an ERP study. Neuropsychologia 43, 1297–1306. doi:
10.1016/j.neuropsychologia.2004.12.002
Song, Y., Hakoda, Y., and Sang, B. (2016). A selective impairment in extracting
fearful information from another’s eyes in Autism. Autism Res. 9, 1002–1011.
doi: 10.1002/aur.1583
Song, Y., Kawabe, T., Hakoda, Y., and Du, X. (2012). Do the eyes have it?
Extraction of identity and positive expression from another’s eyes in autism,
probed using “Bubbles”. Brain Dev. 34, 584–590. doi: 10.1016/j.braindev.2011.
09.009
Stephani, T., Kirk Driller, K., Dimigen, O., and Sommer, W. (2020). Eye contact
in active and passive viewing: Event-related brain potential evidence from a
combined eye tracking and EEG study. Neuropsychologia 143:107478. doi: 10.
1016/j.neuropsychologia.2020.107478
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/s10803013-1976-7
Tanaka, J. W., Wolf, J. M., Klaiman, C., Koenig, K., Cockburn, J., Herlihy, L.,
et al. (2012). The perception and identification of facial emotions in individuals
with autism spectrum disorders using the Let‘s Face It! Emotion Skills Battery.
J. Child Psychol. Psychiatry 53, 1259–1267. doi: 10.1111/j.1469-7610.2012.0
2571
Tell, D., Davidson, D., and Camras, L. A. (2014). Recognition of emotion from
facial expressions with direct or averted eye gaze and varying expression
intensities in children with autism disorder and typically developing children.
Autism Res. Treat. 2014:816137. doi: 10.1155/2014/816137
Tye, C., Battaglia, M., Bertoletti, E., Ashwood, K. L., Azadi, B., Asherson, P., et al.
(2014). Altered neurophysiological responses to emotional faces discriminate
children with ASD, ADHD and ASD+ADHD. Biol. Psychol. 103, 125–134.
doi: 10.1016/j.biopsycho.2014.08.013
Tye, C., Mercure, E., Ashwood, K. L., Azadi, B., Asherson, P., Johnson, M. H., et al.
(2013). Neurophysiological responses to faces and gaze direction differentiate
children with ASD, ADHD and ASD+ADHD. Dev. Cogn. Neurosci. 5, 71–85.
doi: 10.1016/j.dcn.2013.01.001
Uljarevic, M., and Hamilton, A. (2012). Recognition of emotions in autism:
a formal metaanalysis. J. Autism Dev. Disord. 43, 1517–1526. doi: 10.1007/
s10803-012-1695-5

16

February 2022 | Volume 16 | Article 733852

Bagherzadeh-Azbari et al.

Eyegaze, Facial Expressions, and Autism

dipole source analysis of event-related potentials. Eur. J. Neurosci. 28, 407–416.
doi: 10.1111/j.1460-9568.2008.06328.x

Vlamings, P. H., Jonkman, L. M., van Daalen, E., van der Gaag, R. J., and Kemner,
C. (2010). Basic abnormalities in visual processing affect face processing at
an early age in autism spectrum disorder. Biol. Psychiatry 68, 1107–1113. doi:
10.1016/j.biopsych.2010.06.024
Wagner, J. B., Hirsch, S. B., Vogel-Farley, V. K., Redcay, E., and Nelson,
C. A. (2013). Eye-tracking, autonomic, and electrophysiological correlates
of emotional face processing in adolescents with autism spectrum
disorder. J. Autism Dev. Disord. 43, 188–199. doi: 10.1007/s10803-0121565-1
Wallace, S., Coleman, M., and Bailey, A. (2008). An investigation of basic facial
expression recognition in autism spectrum disorders. Cognit. Emot. 22, 1353–
1380. doi: 10.1080/02699930701782153
Webb, S. J., Dawson, G., Bernier, R., and Panagiotides, H. (2006). ERP evidence of
atypical face processing in young children with autism. J. Autism Dev. Disord.
36, 881–890. doi: 10.1007/s10803-006-0126-x
Wilhelm, O., Hildebrandt, A., Manske, K., Schacht, A., and Sommer, W. (2014).
Test battery formeasuring the perception and recognition of facial expressions
of emotion. Front. Psychol. 5:1–23. doi: 10.3389/fpsyg.2014.00404
Wong, T. K., Fung, P. C., Chua, S. E., and McAlonan, G. M. (2008). Abnormal
spatiotemporal processing of emotional facial expressions in childhood autism:

Frontiers in Human Neuroscience | www.frontiersin.org

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.
Copyright © 2022 Bagherzadeh-Azbari, Lau, Ouyang, Zhou, Hildebrandt, Sommer
and Lui. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

17

February 2022 | Volume 16 | Article 733852

