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Abstract
Difficulties in automatic emotion processing in individuals with autism spectrum
disorder (ASD) might remain concealed in behavioral studies due to compensa-
tory strategies. To gain more insight in the mechanisms underlying facial emotion
recognition, we recorded eye tracking and facial mimicry data of 20 school-aged
boys with ASD and 20 matched typically developing controls while performing
an explicit emotion recognition task. Proportional looking times to specific face
regions (eyes, nose, and mouth) and face exploration dynamics were analyzed. In
addition, facial mimicry was assessed. Boys with ASD and controls were equally
capable to recognize expressions and did not differ in proportional looking times,
and number and duration of fixations. Yet, specific facial expressions elicited par-
ticular gaze patterns, especially within the control group. Both groups showed
similar face scanning dynamics, although boys with ASD demonstrated smaller
saccadic amplitudes. Regarding the facial mimicry, we found no emotion specific
facial responses and no group differences in the responses to the displayed facial
expressions. Our results indicate that boys with and without ASD employ similar
eye gaze strategies to recognize facial expressions. Smaller saccadic amplitudes in
boys with ASD might indicate a less exploratory face processing strategy. Yet,
this slightly more persistent visual scanning behavior in boys with ASD does not
imply less efficient emotion information processing, given the similar behavioral
performance. Results on the facial mimicry data indicate similar facial responses
to emotional faces in boys with and without ASD.

Lay Summary: We investigated (i) whether boys with and without autism apply
different face exploration strategies when recognizing facial expressions and
(ii) whether they mimic the displayed facial expression to a similar extent. We
found that boys with and without ASD recognize facial expressions equally well,
and that both groups show similar facial reactions to the displayed facial emo-
tions. Yet, boys with ASD visually explored the faces slightly less than the boys
without ASD.
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INTRODUCTION

(Successful) social interactions are a daily struggle for many
individuals with autism spectrum disorder (ASD) (American
Psychiatric Association [APA], 2014). These social deficits
are thought to be strongly associated with difficulties in face

processing, especially the processing of facial emotional
expressions (Trevisan & Birmingham, 2016).

Facial emotion processing in individuals with and
without ASD has been investigated in many behavioral
studies, yielding; however, mixed and inconsistent results
(Harms et al., 2010; Uljarevic & Hamilton, 2013),
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ranging from intact emotion processing in individuals
with ASD (Lacroix et al., 2014; Tracy et al., 2011), over
impairments for specific—mostly negative—facial expres-
sions (Griffiths et al., 2017; Law Smith et al., 2010;
Whitaker et al., 2017; Wingenbach et al., 2017), to a gen-
eral emotion recognition deficit (Evers et al., 2015;
Xavier et al., 2015). These highly variable results might
reflect the large phenotypic heterogeneity but may also
result from the large variability and limited sensitivity of
(certain) behavioral measures (Harms et al., 2010). In
addition, the interpretation of explicit emotion processing
results can be impeded due to mechanisms beyond facial
expression processing per se, such as compensatory
mechanisms (Harms et al., 2010; Rutherford &
McIntosh, 2007).

Eye gaze behavior

To overcome influences of compensatory strategies
(Rutherford & McIntosh, 2007) and to gain more insight
in the underlying mechanisms of (emotional) face
processing in ASD, researchers have turned to measures
tapping more automatic social processing behavior, such
as visual processing strategies. Indeed, eye-tracking stud-
ies have sought to elucidate the characteristic mecha-
nisms of facial expression processing deficits in
individuals with ASD. As facial expressions are produced
by activating particular face muscles (Ekman &
Friesen, 1978), adequate face scanning patterns are
required to identify different emotions. Research has
shown that typically developing (TD) individuals tend to
vary their scanning patterns in relation to the emotional
content of the face (Beaudry et al., 2014), with, for exam-
ple, more fixations on the eyes or mouth when being pres-
ented with negative or positive emotions, respectively
(Eisenbarth & Alpers, 2011; Wegrzyn et al., 2017). Indi-
viduals with ASD, on the other hand, show less of this
differentiation (Åsberg Johnels et al., 2017). However, as
with much of the emotion processing literature in ASD,
results are mixed (Black et al., 2017; Papagiannopoulou
et al., 2014). For example, similar eye gaze patterns dur-
ing emotional face processing have been reported, with
equal gaze to the eyes of positive and negative expres-
sions in both groups (Falck-ytter et al., 2010; Leung
et al., 2013). Yet, both groups have also been found to
recognize facial expressions better when relying on infor-
mation from the mouth, irrespective of valence
(McMahon et al., 2016). Other results have indicated
divergent face scanning: both implicit and explicit tasks
have revealed a preferential looking toward the mouth
instead of the eyes in children with ASD, as compared to
TD children (Bal et al., 2010; Nuske et al., 2014), or a
tendency to look more outside the core facial features in
both children (Nuske et al., 2014) and adults (Pelphrey
et al., 2002) with ASD. In addition, researchers also
observed differences in fixation duration, with shorter

fixations in individuals with ASD when looking at fearful
faces (Nuske et al., 2014) or rather longer fixations
irrespective of facial expression (Leung et al., 2013).
Overall, possible differences in gaze behavior strategies
toward emotional faces might account for differences in
facial expression recognition performance, as difficulties
in emotion processing may occur when one fails to
inspect the most relevant facial cues (Ellison &
Massaro, 1997). On the other hand, a similar way of
looking at faces to read emotions neither implies a similar
level of emotion recognition performance (Sawyer
et al., 2012).

Facial mimicry

Another measure tapping automatic and implicit social res-
ponsivity is facial mimicry. Spontaneous facial mimicry
refers to the unintended, unconscious mirroring of others’
emotional facial expressions that occurs automatically
within the first few seconds after seeing one’s expression
(Mathersul et al., 2013; Moody et al., 2018). During social
interactions, TD individuals have the natural tendency to
mirror the expressions of their interaction partner (Duffy &
Chartrand, 2015; Lakin, 2013; Sonnby-Borgström, 2016),
as it facilitates affiliation (Kavanagh & Winkielman, 2016;
Lakin & Chartrand, 2003), fosters affective and cognitive
empathy toward each other (Drimalla et al., 2019) and
boosts prosocial behavior (Stel, et al., 2010; Van Baaren
et al., 2004). However, certain situational contexts rather
call for counter- or complementary mimicry (Beall
et al., 2008; Seibt et al., 2015; Stel et al., 2010), demonstrat-
ing the importance of correctly assessing whom, when and
how to mimic (Kavanagh &Winkielman, 2016).

This default tendency to automatically mimic the
facial expressions of the interaction partner may lack in
individuals with ASD (Moody & McIntosh, 2006;
Trevisan, Hoskyn, & Birmingham, 2018; Vivanti &
Hamilton, 2014). Although some studies using facial elec-
tromyography (EMG) or video analysis via the Facial
Action Coding System (FACS; Ekman & Friesen, 1978)
reported intact (Deschamps et al., 2013; Schulte-Rüther
et al., 2017) or even enhanced (Magnée et al., 2007) facial
mimicry in ASD, the majority of studies found reduced
or delayed facial mimicry to different facial expressions
in adults (McIntosh et al., 2006; Yoshimura et al., 2015)
and children (Beall et al., 2008; Oberman et al., 2009; Stel
et al., 2008) with ASD, as compared to TD controls.
Importantly, given the evidence of intact voluntary facial
mimicry in ASD (McIntosh et al., 2006; Oberman
et al., 2009; Stel et al., 2008), this deficit seems not due to
more basic impairments in perception or praxis.

Subsequently, these impairments in spontaneous
facial mimicry in ASD may impact on more complex
socio-emotional processing (Moody & McIntosh, 2006;
Trevisan et al., 2018), such as explicit emotion recogni-
tion (Weiss et al., 2019). Indeed, numerous studies have
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suggested that spontaneous facial mimicry is associated
with emotion recognition performance (Borgomaneri
et al., 2020; Lakin, 2013; Neal & Chartrand, 2011), indi-
cating that mimicking a perceived expression might sup-
port its perceptual recognition (Hess & Fischer, 2014;
McIntosh, 1996). As a result, in ASD, deficits in facial
mimicry might contribute to difficulties with emotion
recognition.

Present study

In previous studies, we observed an emotion specific
lower neural sensitivity for facial fear and anger discrimi-
nation in boys with ASD versus TD controls, implicitly
measured via frequency-tagging electroencephalography,
in spite of equal emotion processing accuracy at the
behavioral level (Van der Donck et al., 2020, Van der
Donck et al., 2019). Here, we wanted to broaden our
understanding of possible underlying differences in facial
emotion processing mechanisms by simultaneously inves-
tigating gaze behavior and spontaneous facial mimicry of
20 boys with ASD and 20 matched TD boys while per-
forming an explicit facial expression-labeling task.

More specifically, the present study aims to identify
possible group differences in gaze behavior while scan-
ning dynamic emotional faces in order to recognize the
expression. In addition to determining eye gaze charac-
teristics in terms of duration, saccadic amplitudes and
number of fixations to specific facial features, we will also
analyze the temporal scan paths using Markov models as
a more comprehensive measure of the face exploration
dynamics (Coutrot et al., 2018; Vettori et al., 2020).
Given the highly variable and contradicting results
regarding eye gaze patterns during emotional face
processing in ASD (Black et al., 2017), we did not have
any strong expectations in terms of group differences.
However, given the often reported greater attention to
details (Vabalas & Freeth, 2016) and the feature-based
perceptual face processing style in individuals with ASD
(Behrmann et al., 2006; Gross, 2008; Rosset et al., 2008),
we might expect to find longer fixations, as well as
shorter saccadic amplitudes in boys with ASD versus TD
boys, because of less frequent shifts between facial cues.

A more exploratory aim of this study is the investiga-
tion of facial mimicry presented by the participants while
looking at the expressive faces. More specifically, we will
explore whether boys with ASD differ in the extent and
the temporal dynamics of their facial mimicry, in com-
parison to TD controls, by analyzing video recordings of
the participants’ concurrent facial expressions via
FaceReader software (Noldus, 2016). Notwithstanding
the inconsistencies in the ASD literature, group differ-
ences in facial mimicry have most frequently been
reported (Beall et al., 2008; Oberman et al., 2009;
Trevisan et al., 2018). Furthermore, a general reduction
in facial expressivity has been included as one of the

clinical characteristics of ASD (APA, 2014). Accord-
ingly, we expect to observe a generally reduced or del-
ayed facial mimicry of boys with ASD, compared to TD
boys, yet, acknowledging the results of a recent meta-
analysis that did not provide evidence to support the
claim of less intensely expressed facial emotions in indi-
viduals with ASD (Trevisan et al., 2018).

METHOD

Participants

Participants comprised a subsample of the sample
included in Van der Donck et al., (2020); Van der Donck
et al., (2019), with the exception of one newly included
TD boy. Twenty boys with ASD and 20 TD boys with-
out intellectual disability (full-scale IQ ≥70), group-wise
matched on chronological age and IQ, participated in the
study. Intelligence was assessed using an abbreviated ver-
sion (Sattler, 2001) of the Wechsler Intelligence Scale for
Children, third edition (WISC-III-NL; Wechsler, 1992),
by combining subscales Picture Completion and Block
Design, and subscales Similarities and Vocabulary to get
reliable and valid estimates of performance IQ and verbal
IQ, respectively.

Three out of the 40 children were left-handed (1 TD)
and all participants had normal or corrected-to-normal
vision. Five participants with ASD had a comorbid diag-
nosis of ADHD and six participants of this group took
medication to reduce symptoms related to ASD and/or
ADHD (methylphenidate, aripiprazole). Although less
common, a side effect of aripiprazole is mask-like facial
expressions (Chew et al., 2017) because of reduced move-
ment and animation of the facial muscles. As this partici-
pant’s facial mimicry results did not differ from the other
participants with ASD and given the similar statistical
results with this participant included versus excluded, this
participant was not excluded from the reported analysis.
All analyses were performed with and without inclusion
of boys with ASD with comorbidities, and boys with
ASD on medication. As inclusion/exclusion did not influ-
ence the results, we report the analyses with all children
included.

Children with ASD were recruited via the Autism
Expertise Centre at the University Hospitals Leuven and
via special need schools. TD participants were recruited
via mainstream elementary schools and sport clubs.
Exclusion criteria were the suspicion or presence of a psy-
chiatric, neurological, learning or developmental disorder
(other than ASD or comorbid ADHD in ASD partici-
pants) in the participant or a first-degree relative, based
on information provided by the parents or provided in
the multidisciplinary report. Children in the ASD group
had a formal ASD-diagnosis, established by a multi-
disciplinary team, according to DSM-IV-TR or DSM-5
criteria (American Psychiatric Association [APA], 2000;
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APA 2014), and scored above 60 (total T-score) on the
Social Responsiveness Scale (SRS, parent version
[Roeyers et al., 2012]). A higher score indicates more
severe ASD symptoms. TD boys scored below 60 on the
SRS to exclude the presence of substantial ASD symp-
toms. See Table 1 for participant demographics and
descriptive statistics.

The Medical Ethical Committee of the university hos-
pital approved this study. Written informed consent
according to the Declaration of Helsinki was gathered
from the participants and their parents prior to participa-
tion. Participants received a monetary compensation and
a small present of their choice.

Stimuli

The stimuli were selected from the Emotion Recognition
Task (Kessels et al., 2014; Montagne et al., 2007) and
comprised computer-generated morphs of colored static
emotional images of four individuals (2 males, 2 females),
evolving dynamically from a neutral expression toward a
full-blown emotional expression (see [Montagne
et al., 2007] for details about the stimuli). The dynamic
facial expressions included the six basic emotions: anger,
fear, happiness, sadness, disgust, and surprise. The dura-
tion of the dynamic part of the video clip (i.e., the transi-
tion from neutral to full-blown expression) was 1.5 s,
after which the last frame with 100% expression stayed
on the screen until the participant entered his response
(with a minimal total presentation time of 2 s for each
stimulus). The stimuli of 600 x 600 pixels subtended 9.93�

of visual angle at 60 cm viewing distance.

Procedure

We conducted this study as part of a larger study on
facial expression processing in boys with ASD.

Participants were seated in a dimly lit room at 60 cm
viewing distance of an LCD 24-inch computer screen,
placed at eye level. Videos of the participants’ faces, as
well as their eye gazes were continuously recorded while
performing the Emotion Recognition Task (Kessels
et al., 2014; Montagne et al., 2007), which investigates
the explicit recognition of six dynamic basic facial expres-
sions. Children observed short video clips of a dynamic
face in front view (four clips per emotion), always
starting from a neutral face toward the full-blown emo-
tional expression, and had to select the corresponding
emotion from the six written labels displayed left on the
screen. The last frame of the video clip remained visible
while the participants responded. Prior to task adminis-
tration, participants were asked to provide an example
situation for each emotion to ensure that they understood
the emotion labels. The task lasted approximately 7 min.
All participants performed this task for the second time
(see Van der Donck et al. [2019]), yet, this time, only with
the dynamic full-blown expressions.

Eye tracking

Eye-tracking recording

Eye-tracking data were collected using a Tobii X3-120
screen-based remote eye tracker—running at 120 Hz—
and Tobii Pro software (Tobii Pro). For this eye-tracking
device, binocular gaze accuracy and precision at ideal
conditions are estimated at 0.4� and 0.24�, respectively
(Tobii AB, 2017). As the participants were not restrained
by a chinrest, yet, were instructed to hold their back
against the back of the chair throughout the experiment,
they could move their head within the dimensions of the
headbox. The precision and accuracy of the recorded
data may therefore differ at an individual level from
those marketed by the manufacturers (Niehorster
et al., 2018). The standard five-point calibration

TABLE 1 Characteristics of the participant groups

Measures
ASD group (N = 20)
Mean (SD)

TD group (N = 20)
Mean (SD)

Statistical
comparisona p

Age (years) 10.4 (1.4) 10.5 (1.3) t(38) = −0.31 0.76

Verbal IQ 107 (12) 111 (11) t(38) = −1.16 0.25

Performance IQ 104 (15) 109 (14) t(38) = −1.24 0.22

Full-scale IQ 106 (10) 111 (11) t(38) = −1.54 0.13

Social responsiveness scale

Total (T-score) 86 (12) 42 (7) W = 400 <0.001

Social communication and interaction (T-
score)

84 (13) 42 (7) W = 400 <0.001

Restricted interests and repetitive behavior (T-
score)

86 (11) 45 (3) W = 400 <0.001

Abbreviations: ASD, autism spectrum disorder; TD, typically developing.
aStatistical analyses by means of two-sample t-test or Mann–Whitney U test (based on assumptions of normality and equal variances).
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procedure of the Tobii X3-120 yields a merely qualitative
index of calibration quality based on visual inspection. In
order to obtain a subject-specific quantitative measure of
eye-tracking data quality, we implemented an additional
calibration validation paradigm, preceding the data regis-
tration (Vettori et al., 2020). Here, participants had to
fixate on the center of nine consecutive fixation crosses
appearing at different locations on the screen. Calcula-
tion of the angle between the vectors to the displayed fix-
ation cross versus the actual gaze point yields a
quantitative index of error angle (mean and variance)
and resulting accuracy. These values were used in the
analysis to attribute gaze points more accurately to par-
ticular areas of interest (AOIs).

Due to technical failure, eye-tracking data was not
recorded for four participants (two boys with ASD, two
TD boys).

Eye-tracking analysis

Determining fixations and AOIs
In line with Vettori et al. (2020), eye-tracking data were
analyzed using a series of custom-built scripts in Matlab
(The Mathworks; https://github.com/TimVanWesemael/
Fuzzy-AOI-EyeTracking). We applied the I2MC algo-
rithm (identification by 2-means clustering [Hessels
et al., 2017]) to filter the raw eye-tracking data, which
allows us to detect fixations across a wide range of noise
and data loss levels in the recordings.

We defined our AOIs (eyes, mouth, nose) using the
limited-radius Voronoi tessellation (LRVT), as it has
been shown to be the most objective and noise-robust
AOI defining method for facial stimuli (Hessels
et al., 2016). The LRVT method uses a priori defined cell
centers and a given radius to produce the AOIs. Because
of our dynamic stimuli, we opted for a radius of 140 pixels
to ensure that the AOIs comprised the same facial fea-
tures in neutral versus expressive faces. In addition, to
label all the fixation points that were not assigned to any
of the AOIs, we defined the area “outside AOI.”

Gaze attribution
Fixations are assigned to the AOIs depending on their
closeness to the AOI cells’ centers and the specified
radius around those centers (Hessels et al., 2016), using
probability weighting while taking into account the
subject-specific data quality we obtained via the addi-
tional calibration validation procedure (Vettori,
et al., 2020). More specifically, with this dimensional
approach, a proportional score between zero and one is
attributed to every AOI for every gaze point so that the
cumulative sum of these scores equals one. These pro-
portional scores indicate the probability that the
corresponding AOI effectively contains the recorded
gaze coordinate, and are based on a subject-specific
two-dimensional bell curve around the gaze point with

a standard deviation equal to the root-mean-square
(RMS) registered during calibration validation (Van
Wesemael, 2017; Vettori, et al., 2020). Hence, the cali-
bration validation determines the probability weighting
of the AOIs: better data quality results in more concen-
trated sample points around the gaze point, poorer data
quality results in more dispersed sample points. Since
the algorithm takes every gaze point into account, as
well as the data quality, it proves to be a very reliable
method (Vettori, et al., 2020). For each AOI, the rela-
tive duration of all fixation points was averaged over
the four video clips per facial emotion. Proportional
looking times for each of the AOIs, as well as the pro-
portion of looking time outside the AOIs, were calcu-
lated as a function of total time on the screen.
Individual trials were removed when no fixations of at
least 40 ms were recorded during the first 2 s after stim-
ulus onset (in total 37 trials were excluded, leaving
96.1% of all trials for analysis).

Face exploration dynamics
We modeled the temporal gaze behavior along the
predefined face AOIs using first order Observable Mar-
kov Models (OMMs; i.e., based on observable events
[Coutrot et al., 2018; Vettori et al., 2020]), via a custom
Matlab implementation. The OMMs consist of a transi-
tion matrix, where elements represent the probabilities
for the transitions of the fixation coordinates between the
AOIs. The Markov property assumes this transition
probability to be independent of the previous states. The
model also requires the computation of the start proba-
bility for every AOI, which describes the probability of a
sequence starting in that specific AOI (i.e., the first fixa-
tion point). Hence, for each participant, we constructed a
single transition matrix, but we computed a separate start
distribution for each initial presentation of a new face
(i.e., for all 24 trials, based on the four video clips for
each of the six basic expressions).

To fully characterize the face exploration dynamics,
in addition to the OMM transition probabilities, we com-
puted the number of fixations, the mean fixation dura-
tion, and the mean saccadic amplitude (i.e., measure of
visual exploration [Vabalas & Freeth, 2016]), by averag-
ing the fixation durations and saccadic amplitudes
extracted from the Tobii Pro output.

Statistical analysis

As most participants, after exploring the faces for some
time, shifted their gaze to the emotion labels presented on
the left side of the screen, we only included eye-tracking
recordings from the first 2 s after stimulus onset to ana-
lyze the participants’ gaze and scan paths during actual
facial expression recognition. Note that during this 2 s
time window participants spent on average 89.7% of the
fixations within the face AOI.
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As a first rough measure of eye gaze behavior, we ana-
lyzed the proportional looking time for each of the AOIs
using a linear mixed model (LMM; “Afex” package in R
[Singmann et al., 2020]) with area of interest (eyes, mouth,
nose), the six basic expressions and group (ASD vs. TD)
as fixed effects. We included a random intercept and ran-
dom slopes for AOI and facial expression per participant,
resulting in the model y � group*expression*AOI +
(1 + expression + AOIjparticipant). Degrees of freedom
were calculated using the Kenward–Roger method.
Tukey-corrected post-hoc T-tests were performed on the
fitted models using the “emmeans” package (Lenth
et al., 2019). Outlying data points were detected using the
median absolute deviation and removed. Cohen’s d effect
sizes were calculated by dividing the least square means
difference by the pooled standard deviation. To ensure
readability of the text, we reported the 95% confidence
intervals of the effect sizes for all significant pairwise com-
parisons and all group comparisons in Supplementary
Tables S1b, S2b, S3b, S4b, and S5.

We deemed it important to also take a closer look at
the specific underlying gaze characteristics to investigate
the exploration paths. Therefore, we analyzed the num-
ber and the duration of the fixations, as well as the
saccadic amplitudes. For the number and the duration of
the fixations, we again applied a LMM, with the same
fixed effects, random slopes, and random
intercept: y � group*expression*AOI + (1 + expression +
AOIjparticipant). The saccadic amplitudes were exam-
ined with a LMM across all AOIs: y � group*expression
+ (1 + expressionjparticipant).

Finally, we computed a MANOVA on the OMM tran-
sition matrix elements, to investigate the statistical signifi-
cance of possible group differences in dynamic scanning
patterns of emotional faces (Vettori et al., 2020). To do so,
we constructed a 12-element property vector for each par-
ticipant, containing the 12 Markov transition elements after
removing the last column of the transition matrix, since the
normalization condition of these elements induces
multicollinearity. Given the short stimulus presentation
duration and thus the small number of fixation transitions,
we combined the data across all facial expressions to esti-
mate the transition matrix. The 12 entries were standard-
ized across all participants to a distribution with mean
0 and standard deviation of 1, to remove any dependency
on the chosen scales, resulting in z-scores of the respective
features. Finally, to account for the strong correlation
among these 12 features, we performed a group-
independent principal component analysis (PCA), based on
Jolliffe’s modification of Kaiser-Guttman (Cangelosi &
Goriely, 2007; Jolliffe, 2002) to determine the number of
components to retain. This PCA resulted in the retention of
five principal components, which were entered in the
MANOVA. Based on the local outlier factor method, one
participant from the ASD group was identified as outlier,
and was consequently removed from the MANOVA group
comparison analysis.

Facial mimicry

Facial expression recording

The camera used for the video recordings of the partici-
pants’ faces (i.e., Microsoft Lifecam Studio with 1080p
resolution) was positioned next to the computer screen,
slightly below eye height.

Facial expression decoding

Analysis of the video recordings was carried out using
FaceReader 7.1 (Noldus, 2016), set to analyze every
frame (at a resolution of 24 frames per second).
FaceReader 7.1 is an automated system trained to ana-
lyze the facial expressions (Noldus, 2016). After locating
the face and mapping an Active Appearance Model
based on over 500 key points, FaceReader calculates the
deviation of the facial expression relative to a database of
over 10,000 manually annotated emotional faces. Based
on these calculations, FaceReader computes frame-by-
frame intensity scores for the expression of each of the six
basic emotions (ranging from 0 to 1) (Noldus, 2016;
Uyl & Kuilenburg, 2005; see Van Kuilenburg et al., 2005
for a detailed description of the algorithm). Frequent fail-
ures to detect the face and decode the emotional expres-
sion (e.g., due to facial occlusions) lead to a fragmentary
output with missing data for several frames. To maintain
data reliability, trials with less than 20% successful
frames were excluded from the analyses (in total 9.6% of
all trials were excluded). In addition, to minimize person-
specific biases (e.g., naturally looking more happy or
more angry), we calibrated each participant’s facial
expressions against that same individuals’ neutral
expression.

Statistical analysis

For each of the 24 trials, we extracted the timing and
intensity of the peak expression intensity. Thus, for every
single trial, we quantified at what time point and with
what intensity each of the six basic emotions was present
on the participant’s face. Next, these time and intensity
features were averaged across the four trials
(i.e., identities) displaying an identical emotion. As we
aimed at exploring spontaneous facial mimicry, we only
included expressed emotions within a timeframe between
0.375 and 2 s after stimulus onset, thus ranging from
frame 9 (i.e., at 25% expression intensity) to frame
48 (i.e., half a second past reaching the full-blown 100%
intensity expression).

As we were mainly interested in facial mimicry rather
than overall facial responsivity, we performed a LMM
investigating the intensity of the participant’s expression,
with displayed emotion (six basic expressions), produced
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emotion (six basic expressions) and group (ASD vs. TD)
as fixed effects (y � group*produced Expression*displayed
Expression) + (1jparticipant)), with a specific focus on
the interaction between the displayed and produced
expressions, and maybe even the three-way interaction
including group. More specifically, if the participants
would demonstrate facial mimicry, significantly higher
intensities for the produced facial expression congruent to
the displayed expressive face stimulus would be recorded,
as compared to the other expressions. Next, if facial mim-
icry would be detected, an additional LMM with the same
factors would be performed to assess potential group dif-
ferences in the timing of the facial mimicry responses.

Degrees of freedom, post-hoc T-tests, outliers and
effect sizes were handled in an identical manner as for the
eye-tracking data.

Explicit facial expression recognition

We analyzed the participants’ behavioral emotion label-
ing performances using a repeated measure ANOVA
(‘Afex’ package [Singmann et al., 2020]). We examined
the accuracy of the emotion recognition using the six
basic expressions as within-subject factor and group
(ASD vs. TD) as between subject factor. Tukey-corrected
post-hoc T-tests were performed on the fitted model for
all significant effects (“emmeans” package [Lenth
et al., 2019]). There were no outlying data points.

RESULTS

Explicit facial expression recognition

All ASD and TD participants performed above chance
level (=17%) on the Emotion Recognition Task. A
repeated measures ANOVA revealed similar accuracy
performances in both groups (F(1,38) = 0.41, p = 0.52,
d = −0.07). A main effect of emotion (F(5,190) = 53.50,
p < 0.001) showed that angry and happy faces were more
often labeled correctly (all d > 0.45), whereas sad and
fearful faces were the most difficult to label correctly.
The interaction between group and emotion was not sig-
nificant (F(5,190) = 1.34, p = 0.25). Pertaining to the
reaction times, again, only a significant main effect of
emotion was displayed (F(5,190) = 17.60, p < 0.001), and
no effect of group (F(1,38) = 0.03, p = 0.87, d = 0.03) nor
group by emotion interaction (F(5,190) = 17.60,
p = 0.22). Post-hoc tests for the reaction times showed
that the reaction times to label happy faces were signifi-
cantly shorter than the reaction times for all other facial
expressions (all p < 0.01, all d > 0.91). In addition, label-
ing sad faces took significantly longer than labeling dis-
gust and surprise, and even fear (all p < 0.001, all
d > 0.78). See Supplementary Figure S1 and Supplemen-
tary Tables S1a and S1b for more details.

Given that the behavioral performance for sad faces
was close to chance level in both groups, we additionally
verified whether noisy performance on this particular
emotion might have decreased the overall power to
observe group differences. However, additional analyses
excluding the trials with sad facial expressions did not
reveal any new group differences.

Furthermore, to ensure that results were not driven
by differential response biases, we calculated confusion
matrices for each group (see Supplementary Table S1c).
Here, the only group difference involved a higher prefer-
ence to select the label “Surprise” in TD participants as
compared to participants with ASD (MASD = 17.08%,
MTD = 22.50%; T(38) = −2.82, p = 0.008). However,
reanalyzing the data with corrected performances
(by dividing a participant’s accuracy score for each emo-
tion by the participant’s response bias for that same emo-
tion; cf. Evers et al., 2015) did neither reveal a group
difference (F(1,38) = 0.006, p = 0.94), nor a group x emo-
tion interaction (F(5,190) = 0.46, p = 0.81).

Eye tracking

Analysis of the data quality demonstrated no group differ-
ences: both groups showed similar average error angles
(MASD = 0.53� ± 0.33; MTD = 0.41� ± 0.21; t(32) = 1.30,
p = 0.20). The RMS of this angle differed neither (MASD =
0.70 ± 0.20; MTD = 0.62 ± 0.16; t(32) = 1.33, p = 0.19).

Proportional looking times

Both groups of participants spent only a fraction of the
time looking outside of the predefined AOIs (MASD =
11%; MTD = 8%), probably reflecting gaze shifts toward
the expression labels aside of the facial stimulus presenta-
tion. There was no group difference in the proportional
looking times outside of the AOIs (F(1,34) =
1.48, p = 0.23).

Pertaining to the gaze points inside the predefined
AOIs (eyes, mouth, and nose), the LMM only showed a
significant main effect of expression (F(5,29.89) = 2.85,
p = 0.03) and a significant expression x AOI interaction
(F(10,334.67) = 11.98, p < 0.001). The main effect of
AOI was not significant (F(2,33) = 2.52, p = 0.09). No
effect of group (F(1,34) = 1.16, p = 0.29, d = 0.08) nor
any interaction effect with group was present (all
p > 0.37). This generally implies that the participants pre-
sent emotion specific gaze patterns, but these are similar
for individuals of the ASD and TD groups (Figure 1 and
Supplementary Tables S2a and S2b). The following
observations can be deduced. First, post-hoc tests rev-
ealed that children with and without ASD looked signifi-
cantly longer to fearful (t(33.8) = 3.51, p = 0.02, d = 0.45)
and sad (t(33.8) = −2.81, p = 0.04, d = −0.39) faces, as
compared to happy faces. Second, when examining face
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scanning patterns per emotion, we found that the propor-
tional looking times to the eyes were significantly higher
than those to the mouth or nose for angry (t(40.2)eyes-
mouth = 2.90, d = 0.77; t(49.7)eyes-nose = 2.69, d = 0.71; all
p < 0.05) and sad faces (t(40.1)eyes-mouth = 2.50, d = 0.62;
t(49.4)eyes-nose = 2.92, d = 0.64; all p < 0.05). For happy
faces, we found the reversed effect: here, children spent
more time looking at the mouth than the eyes (t
(40.1) = 2.64, p < 0.05, d = 0.65) and nose (t
(46.9) = 3.09, p = 0.009, d = 0.87). The mouth was also
significantly more inspected than the nose (t(46.4) = 2.80,
p = 0.02, d = 0.71) when surprised facial expressions were
presented (see Figure 1). Third, at the AOI level, we
found significantly reduced looking times to the eyes for
happy faces as compared to the other five facial

expressions (t(207)anger-happiness = 6.22, d = 0.67; t(206)dis-
gust-happiness = 3.26, d = 0.48; t(210)fear-happiness = 5.27,
d = 0.49; t(195)happiness-sadness = −7.15, d = −0.68; t
(212)happiness-surprise = −3.75, d = −0.47; all p < 0.05). In
addition, children looked proportionally more to the eyes
of sad faces in comparison to disgusted (t(175) = 3.61,
p = 0.005, d = 0.48) and surprised faces (t(204) = 3.52,
p = 0.007, d = 0.53). Furthermore, gazes of all children
were directed significantly less to the mouth when
looking at angry faces versus disgusted (t(181) = −3.86,
p = 0.002, d = −0.54), fearful (t(204) = −5.24, p < 0.001,
d = −0.48), happy (t(205) = −6.23, p < 0.001, d = −0.58)
or surprised (t(211) = −5.82, p < 0.001, d = −0.56) faces.
A similar effect was displayed for sad faces when com-
pared to fearful (t(193) = −3.35, p = 0.01, d = −0.67),

F I GURE 1 (a) Heat maps of looking time averaged over all participants in the ASD group (upper row) and the TD group (lower row). As
indicated by the scale, lighter colors represent longer looking times to that region. (b) Boxplots of the proportional looking times within the face AOIs
for the six basic expressions. The boxes extend from the lower to the upper quartile values, with the median of each group represented by the lines.
Mean values are displayed in orange. Significant within-expression differences are indicated with asterisks. AOIs, areas of interest; ASD, autism
spectrum disorder; TD, typically developing
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happy (t(196) = −4.34, p < 0.001, d = −0.48) or surprised
(t(206) = −3.94, p = 0.002, d = −0.69) facial expressions.

Face exploration dynamics

We examined the gaze behavior of the participants in
more detail via the number and duration of fixations, as
well as the saccadic amplitudes (see Figure 2). The LMM
on the fixation count data demonstrated significant main
effects of AOI (F(2,33) = 4.27, p = 0.02) and expression
(F(5,29.97) = 5.08, p = 0.002), as well as a significant
AOI x expression interaction (F(10,337.78) = 4.93,
p < 0.001) and a significant three-way interaction with
group (F(10,337.78) = 2.30, p = 0.01). The main effect of
group (F(1,34) = 3.24, p = 0.08, d = −0.14) and both
two-way interactions with group (all p > 0.87) did not
reach significance.

Breaking down the significant three-way interaction
at the group level revealed no group differences in the
number of fixations, not in any of the AOIs, nor for any
of the facial expressions (all p > 0.21, all d < 0.37). When
breaking down the interaction at the level of the expres-
sions (i.e., to investigate gaze behavior for each emotion
for each of the participant groups), we did, however,
detect significantly more fixations on the eyes versus the
mouth and nose when looking at angry (t(48.7)eyes-
mouth = 3.26, d = 1.33; t(59.7)eyes-nose = 3.02, d = 1.06; all
p ≤ 0.01) and sad (t(48.7)eyes-mouth = 2.58, d = 1.00; t
(59.7)eyes-nose = 3.51, d = 1.02; all p < 0.05) faces, but
only for TD boys. In addition, breaking down the inter-
action at the AOI level revealed that within the eye
region, the ASD group displayed significantly more fixa-
tions during the presentation of fearful and sad faces, as
compared to happy faces (t(171)fear-happiness = 3.38,
d = 0.76; t(179)happiness-sadness = −3.59, d = −0.88; all
p ≤ 0.01). TD boys, on the other hand, fixated more on
the eyes when angry and sad faces were presented

in comparison to fearful (t(188)anger-fear = 2.97, d = 0.69;
t(173)fear-sadness = −3.50, d = −0.77; all p < 0.05), happy
(t(164)anger-happiness = 4.93, d = 0.81; t(168)happiness-
sadness = −5.56, d = −0.89; all p < 0.001) and surprised
(t(177)anger-surprise = 3.18, d = 0.71; t(186)sadness-
surprise = 3.83, d = 0.70; all p < 0.05) faces. Furthermore,
the mouth was fixated more by TD boys
when looking at surprised faces, as compared to angry
faces (t(177) = −3.55, p = 0.007, d = −0.96), and they fix-
ated more on the nose when looking at fearful faces in
comparison to surprised faces (t(183) = 3.57, p = 0.006,
d = 0.88). More details are provided in Supplementary
Tables S3a and S3b.

For the duration of the fixations, the LMM demon-
strated a significant main effect of AOI (F(2,33) = 4.50,
p = 0.02) and expression (F(5,33.35) = 3.34, p = 0.02),
further qualified by their significant interaction
(F(10,250.35) = 6.58, p < 0.001). The main effect of
group (F(1,33.35) = 0.02, p = 0.88, d = 0.12) nor any
other interaction did not reach significance (all p > 0.09).
Post-hoc tests identified significantly prolonged fixations
for all participants on the mouth versus the eyes in four
out of the six basic expressions: disgust (t(69.9) = −2.58,
p = 0.03, d = −0.52), fear (t(63) = −2.92, p = 0.02, d =
−0.84), happiness (t(64) = −5.90, p < 0.001, d = −1.58)
and surprise (t(63.5) = −3.12, p = 0.006, d = −0.50). Fur-
thermore, for fearful and happy expressions, the fixations
on the mouth also lasted significantly longer than fixa-
tions on the nose (t(79.3)fear = 2.68, p = 0.02, d = 0.70;
t(92)happiness = 3.81, p < 0.001, d = 1.06). See Supplemen-
tary Tables S4a and S4b for more details.

Finally, the LMM on the saccadic amplitudes only
yielded a significant main effect of group
(F(1,33.89) = 5.75, p = 0.02, d = 0.32), demonstrating that
expressive faces in general elicited significantly higher sac-
cadic amplitudes in TD boys (M = 3.97� ± 1.85), as com-
pared to boys with ASD (M = 3.60� ± 2.05). There was
no significant main effect of expression (F(5,28.01) = 1.70,

F I GURE 2 Boxplots of the three fixation measures (from left to right): Number of fixations, fixation duration and saccadic amplitudes for both
groups, averaged across all facial expressions and all AOIs. The boxes extend from the lower to the upper quartile values, with the median of each
group represented by the lines. Mean values are displayed in orange. Note the differences in Y-axis scaling
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p = 0.17) nor a significant interaction (F
(5,28.01) = 0.66, p = 0.65).

In sum, across the three fixation measures, boys with
and without ASD only differed in their saccadic ampli-
tudes when looking at expressive faces (Figure 2). There
were no group differences in the number or duration of
fixations on specific facial features. Within the groups—
and especially within the TD group—however, specific
facial expressions elicited different gaze behavior in terms
of the number of fixations.

As is clearly depicted in the heat maps (Figure 1(a)),
both children with and without ASD look at all facial
features and to a similar extent. However, the groups
might differ in the way they temporally inspect expressive
faces, which cannot be inferred from these data.
Although there were no significant quantitative differ-
ences in the gaze behavior of boys with ASD and TD
boys, aside from larger saccadic amplitudes in the TD
group, qualitative differences in face exploration strate-
gies might remain concealed. Therefore, the transition
matrices add to our understanding of the dynamic face
exploration pattern.

Figure 3(a) shows the average transition matrices
(across all expressions) of the OMM models for the
ASD and TD group. Note that these transition matri-
ces are strikingly similar across both groups. As can be
observed from the very low probabilities of the ele-
ments along the diagonal, both boys with and without
ASD tend to switch their gaze from one AOI to
another. This is not surprising: as participants were
explicitly asked to label the presented facial expres-
sions, we would expect them to scan the faces in order
to make their choice. The dynamic face exploration
patterns of both groups started on average mostly in
the left eye AOI (from the viewer’s perspective), which
is also a region with a high probability to transition to
from any of the other AOIs. On the contrary, the right
eye AOI shows the lowest transition probabilities—
which can also be observed in Figure 1(a)—irrespective
of the location of the previous fixation. When boys
with ASD and TD boys do fixate on the right eye
AOI, they shift their gaze, mainly back to the left eye,
or further down to the nose, respectively. Figure 3(b)
further illustrates the temporal unfolding of these
dynamic scanning patterns over the 2 s time window,
again demonstrating the striking similarity across both
groups.

Even though saccadic amplitudes were significantly
larger in the TD group in comparison to the ASD
group (Figure 2), children from both groups trans-
itioned equally from the eye region to either the mouth
or the nose AOI, indicating that fixations not necessar-
ily pass through the nose region first, before reaching
the mouth. A similar effect was found when
transitioning upwards from the mouth to the eyes and
nose. Yet, when fixating on the nose, the gaze shifts

seem to go downwards, with the highest probabilities of
transitioning to the mouth.

Thus, both groups displayed a very similar dynamic
exploratory face scanning pattern, when explicitly
processing expressive faces. When statistically testing for
group differences, the MANOVA analysis on the
resulting PCA components confirmed that there were no
significant differences in exploratory gaze behavior
between boys with ASD and TD boys (F
(5,29) = 0.36, p = 0.87).

Facial mimicry

At a more exploratory level, we investigated the sponta-
neous facial responses of the children while they
processed the expressive face stimuli. As an index of
facial mimicry, we would expect that a particular dis-
played expression would elicit a particular and distinc-
tive pattern of produced facial expressions in the
children, with higher intensities for produced facial
expressions that are congruent with the displayed
expressive stimulus. In other words, an interaction
between displayed and produced expression would be
indicative of the presence of spontaneous facial mimicry
in the participants.

The LMM investigating the intensity of the facial
responses revealed a significant main effect of produced
facial expression (F(5,225.41) = 67.06, p < 0.001), a mar-
ginally significant interaction between group and pro-
duced facial expression (F(25,903.48) = 2.09, p = 0.06),
but no other main (F(1,37.99)group = 0.01, p = 0.95,
d = 0.02; F(5,902.02)displayedexpression = 1.42, p = 0.22) nor
interaction effects (all p > 0.38). Given the nonsignificant
interaction between the displayed and the produced facial
expressions, these results suggest the absence of facial
mimicry in both participant groups. This interpretation is
also supported by the high and dominant intensity of the
“neutral” expression in response to any displayed expres-
sion (see Figure 4; note that this neutral expression was
not included in the LMM analysis). Accordingly, no
additional LMM was performed to investigate potential
group differences in the timing of the peak of the pro-
duced facial expressions.

Further post-hoc comparisons on the intensity data
showed that any displayed expression generally elicited a
sad expression in the participants (the intensity of sadness
was higher than any of the other produced expressions,
all p < 0.001, all d > 0.53), and certainly not an angry
expression (the intensity of anger was lower than any of
the other produced expressions, all p ≤ 0.001, all
d > 0.40). When inspecting the marginally significant
group by produced expression interaction effect, we only
uncovered a slightly higher intensity of sad expressions in
the ASD group versus the TD group (t(198) = 1.96,
p = 0.05, d = 0.25, 95% CI [−0.02, 0.52]).
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DISCUSSION

Emotional face processing has been investigated in
numerous behavioral studies with individuals with ASD,
yielding; however, mixed and inconsistent results (Harms
et al., 2010; Uljarevic & Hamilton, 2013). Difficulties
with facial expression recognition might remain
concealed on a behavioral level due to the use of compen-
satory strategies. Therefore, administration of tasks tap-
ping automatic implicit emotion processing is needed
(Rutherford & McIntosh, 2007). Indeed, in previous stud-
ies using implicit frequency-tagging EEG paradigms, we
found a significantly reduced neural sensitivity for spe-
cific emotions in boys with ASD as compared to TD boys
(Van der Donck et al., 2020; Van der Donck et al., 2019),
in spite of equal behavioral emotion recognition accu-
racy. Therefore, to gain more insight in automatic affec-
tive processes underlying facial emotion processing, we

combined an explicit behavioral measure with two
implicit measures: eye tracking and facial mimicry
recordings.

Proportional looking times reflect behavioral
emotion recognition performances

Behavioral performance on the Emotion Recognition
Task was comparable to the results obtained in the previ-
ous study: there were no group differences in terms of
accuracy nor reaction times to label the expressions, and
children of both groups labeled sad and fearful faces less
accurately (and more slowly) as compared to angry and
happy faces. This difficulty with these particular emo-
tions was also reflected in the proportional looking times
measured via eye tracking, as participants looked signifi-
cantly more at sad and fearful faces, as compared to

F I GURE 3 (a) Average transition matrices across all facial expressions for each of the participant groups. The values in each cell represent the
probability of looking at the column AOI after having looked at the row AOI. The very low values in the diagonal elements indicate the small chance
of maintaining subsequent fixations in the same AOI. (b) Temporal evolution of the probabilities of fixating on the left eye, right eye, mouth and
nose, averaged across 50 ms time windows. Error bar shading represents SEM
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happy faces. This is not surprising: time spent looking at
stimuli typically increases with increasing task difficulty
(Del Bianco et al., 2018). As happiness is recognized the
earliest and easiest, needing only minimal signals
(Whitaker et al., 2017), this emotion requires less inspec-
tion time to be labeled correctly.

TD boys adapt their gaze behavior more in
function of the displayed expression

No group differences were observed in terms of propor-
tional looking time to any of the AOIs nor for any of the
emotions. When zooming in on more specific gaze charac-
teristics such as number and duration of fixations and sac-
cadic amplitude, we only found a significant group
difference for the saccadic amplitudes, with higher ampli-
tudes in the TD group as compared to the ASD group.
However, a closer look at the significant three-way group
by AOI by expression interaction for the number of fixa-
tions revealed subtle differences in fixation behavior. More
specifically, TD boys fixated more on the eyes versus the
nose and mouth for angry and sad faces, whereas boys with
ASD fixated more on the eyes when sad and fearful faces
were presented. In addition, for TD boys, the mouth was
the most informative face area for surprised facial expres-
sions. These results are in line with previous findings show-
ing increased fixations on the eyes when viewing negative
emotions, while fixating more on the mouth during the pre-
sentation of positive emotions (Eisenbarth & Alpers, 2011;

Wagner et al., 2013; Wegrzyn et al., 2017). Taken together,
these findings suggest that TD boys adapt their gaze pat-
tern more than boys with ASD in relation to the emotional
content of the faces (Åsberg Johnels et al., 2017; Beaudry
et al., 2014), probably by actively orienting toward the
most informative face region displaying the most character-
istic changes when evolving from neutral to expressive.
Yet, taking into account the similar behavioral results in
both participant groups, this more adaptive gaze behavior
does not seem to have a beneficial value for explicit emo-
tion recognition in this TD group.

Similar face exploration dynamics, with a little
more visual persistence in ASD

The classical eye tracking measures described above gen-
erally revealed very similar face scanning behavior
between boys with and without ASD, with only a signifi-
cant group difference for saccadic amplitudes, and a
somewhat reduced flexibility in adopting the most opti-
mal gaze behavior in ASD. Likewise, also the observable
Markov models, probing the individual temporal pat-
terns and the fixation transition matrices, demonstrate
that both groups employ similar face exploration dynam-
ics. Children from both groups seem to dynamically shift
their gaze across all AOIs when recognizing facial expres-
sions, with a lower frequency of fixation on the right eye.

The observation that the first fixations of participants
from both groups were generally directed toward the left

F I GURE 4 Boxplots representing the intensity values of all facial responses of TD children (blue) and children with ASD (green) for the different
stimuli (i.e., six basic expressions), indicating very little facial responses to expressive facial stimuli and even fewer facial mimicry. The boxes extend
from the lower to the upper quartile values, with the median of each group represented by the lines. Note, the neutral facial expression of the
participants was not included in the LMM analysis. A, angry; D, disgusted; F, fearful; H, happy; N, neutral; Sa, sad; Su, surprised
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eye, as seen from the viewer’s perspective, resonates with
previous accounts of a left-eye bias—and thus right-
hemisphere advantage—in (emotional) face processing
(Voyer et al., 2012; Wirsen et al., 1990). In addition to
starting fixating on the left eye, children of both groups
also looked more to this AOI and showed a higher prob-
ability to turn their gaze there, as opposed to the right
eye. Whereas some studies failed to find this left-eye bias
in individuals with ASD (Ashwin et al., 2005; Dundas
et al., 2012; Guillon et al., 2015), a meta-analysis rev-
ealed no differences between TD individuals and individ-
uals with ASD in demonstrating this bias (Voyer
et al., 2012).

If anything, the significant group difference for the
saccadic amplitudes, with lower amplitudes in boys with
ASD versus TD boys, suggests a less exploratory visual
strategy to recognize the expressions in boys with ASD.
Saccade amplitudes can be interpreted as a measure of
visual exploration: smaller amplitudes demonstrate a ten-
dency to fixate on locations that are near to the previous
ones, higher amplitudes imply larger jumps to the next
location (Vabalas & Freeth, 2016). However, image size
and mean saccadic amplitude are linearly related (Von
Wartburg et al., 2007). Therefore, in light of the 9.93�

visual angle that the stimuli subtend, a saccadic ampli-
tude difference of 0.4� between the two participant
groups is a relatively small difference. Nevertheless, these
results indicate that boys with ASD tend to fixate on
locations that are near to the previous one, whereas TD
boys shift their gaze across wider distances. In combina-
tion with the modeling of the temporal scanning dynam-
ics, these saccadic amplitudes suggest a slightly less
exploratory and a slightly more persistent processing
strategy in boys with ASD. The lower saccadic ampli-
tudes recorded in the ASD group may encompass a more
detail-focused visual exploration strategy in local areas
(Heaton & Freeth, 2016; Vabalas & Freeth, 2016), which
aligns with the slightly higher reliance on individual facial
features during implicit facial emotion processing and
possibly aids the rule-based emotion recognition
(i.e., compensatory mechanism).

However, considering the relatively small sample sizes
of our participant groups, future studies with larger
groups may be desirable to consolidate these findings of
smaller saccadic amplitudes in boys with ASD when
explicitly recognizing facial expressions.

Lack of facial mimicry, but similar facial
responses in boys with and without ASD

We also explored the facial mimicry of the participants
while they were explicitly recognizing the displayed
dynamic facial expressions. Although not the focus of
this study, we generally found low-expression intensity
(i.e., presence) of anger during the task, and an overall
higher intensity of sadness, which was even slightly

higher in the ASD group as compared to TDs. Without
refuting that our participants might indeed have mostly
displayed a sad facial expression throughout the experi-
ment, we prefer to rather cautiously interpret these
results, as FaceReader has previously been found to mea-
sure high levels of sadness, when other measures
(e.g., EMG) did not (Suhr, 2017). In the present experi-
ment, we assume that the particular camera angle might
have induced FaceReader to mistakenly decode neutral
faces as sad faces.

Most importantly in light of our interest, the results
from the FaceReader analysis indicated the absence of
facial mimicry in each of the groups. As can be clearly
observed in Figure 4, the intensity values of all expres-
sions are very low, except for the neutral facial expres-
sion. This combination of high-neutral scores and low-
expressive scores indicates little variation in the partici-
pants’ facial expressions, and, accordingly, no mapping
between the observed and produced facial expressions.
Thus, while the absence of a group difference aligns with
the findings of a recent meta-analysis (Trevisan
et al., 2018), we believe that our facial mimicry data are
not informative in this matter. Indeed, given the overall
very low emotional expression intensities, we conclude
that the Emotion Recognition Task did not elicit clear
facial responses, hence, might not have been suited to
investigate spontaneous facial mimicry. Possibly, the
duration of the video clips was too short. However, previ-
ous studies investigating facial mimicry in children and
adults with ASD presented expressive facial stimuli for
one or 2 s and did find clear facial responses to the stim-
uli (Oberman et al., 2009; Schulte-Rüther et al., 2017).
Yet, these studies applied EMG, which may be a more
sensitive approach to detect even the subtlest changes in
the facial muscles. Moreover, future studies should apply
more evocative expressive stimuli, preferably within the
context of real-life dyadic social interactions.

CONCLUSIONS

Our results indicate that boys with and without ASD
employ similar eye gaze strategies to recognize facial
expressions. However, the larger saccadic amplitudes in
TD boys, are suggestive of a less exploratory face
processing strategy in boys with ASD. Yet, the slightly
more persistent visual scanning behavior in boys with
ASD, does not impede the processing of emotional infor-
mation from the faces, as is evident from their equal
behavioral emotion recognition performances.

In addition, results on the facial mimicry data indi-
cate similar facial responses to emotional faces in boys
with and without ASD.
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