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Background: Individuals with Autism Spectrum Disorders (ASD) typically show impaired eye contact during social
interactions. From a young age, they look less at faces than typically developing (TD) children and tend to avoid
direct gaze. However, the reason for this behavior remains controversial; ASD children might avoid eye contact
because they perceive the eyes as aversive or because they do not find social engagement through mutual gaze

Methods: We monitored pupillary diameter as a measure of autonomic response in children with ASD (n= 20,
mean age =12.4) and TD controls (n= 18, mean age = 13.7) while they looked at faces displaying different
emotions. Fach face displayed happy, fearful, angry or neutral emotions with the gaze either directed to or averted

Results: Overall, children with ASD and TD controls showed similar pupillary responses; however, they differed
significantly in their sensitivity to gaze direction for happy faces. Specifically, pupillary diameter increased among TD
children when viewing happy faces with direct gaze as compared to those with averted gaze, whereas children
with ASD did not show such sensitivity to gaze direction. We found no group differences in fixation that could
explain the differential pupillary responses. There was no effect of gaze direction on pupil diameter for negative
affect or neutral faces among either the TD or ASD group.

Conclusions: We interpret the increased pupillary diameter to happy faces with direct gaze in TD children to
reflect the intrinsic reward value of a smiling face looking directly at an individual. The lack of this effect in children
with ASD is consistent with the hypothesis that individuals with ASD may have reduced sensitivity to the reward

Background

Autism is a pervasive neurodevelopmental disorder charac-
terized by pronounced impairments in social interactions
[1]. From the first year of life, individuals with autism
spectrum disorders (ASD) show a lack of interest in the
human face, and typically show reduced eye contact [2].
The failure to attend to social stimuli such as the human
face may have extensive negative consequences for later
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development. For instance, individuals with ASD may not
develop expertise in processing information from faces
[3,4] and may fail to appreciate their emotional salience [5].

Why individuals with ASD tend to look away from the
eyes and appear to fixate on the local features of the
face, such as the mouth and chin, compared to typically
developing (TD) counterparts [6-10] remains controver-
sial. One possibility is that they find looking at the eyes
over-stimulating or emotionally distressing [10,11]. In
support of this “aversion” hypothesis, one study found
that in individuals with ASD, eye fixation correlated with
activation in the amygdala, an area associated with pro-
cessing fear [6]. On the other hand, it is also possible
that the eyes may simply be uninteresting to individuals
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with ASD, if they fail to appreciate the information the
eye region may convey. According to the social motiv-
ation hypothesis, individuals with ASD may not attend
to social stimuli—such as faces and the eye region in
particular—because they have difficulty forming repre-
sentations of the reward value of these social stimuli
[12,13]. As these individuals may not find faces and eye
contact rewarding, they may not be motivated to interact
socially. In contrast, a happy face may be socially
rewarding for neurotypical individuals. Indeed, happy
[14,15] and attractive faces [15,16] have been shown to
activate reward circuitry, such as the ventral striatum
and orbitofrontal cortex, using functional MRI (fMRI).
Further, Kampe et al. (2001) showed that fMRI activa-
tion in the ventral striatum is modulated both by reward
magnitude (degree of facial attractiveness) and direction
of the gaze (direct vs. averted), indicating that reward
circuits are engaged when looking at people’s faces and
that this network is also sensitive to eye contact. These
findings suggest that, for neurotypical individuals, direct
eye contact during social interactions may be intrinsically
rewarding.

The aim of this study was to investigate whether chil-
dren and adolescents with ASD find looking at the eye
region aversive or simply unrewarding, using pupillometry
as an index of emotional responsiveness. Task-evoked
pupillary responses have been shown to reflect variations
in processing load, or arousal level, across various cogni-
tive domains including short-term memory, language,
arithmetic and perception tasks (see [17] for a review). Im-
portantly, emotional arousal, regardless of valence, is also
related to the pupillary dilation response [18,19]. In fact,
the largest pupillary dilations are evoked by stimuli
reported as most aversive or most pleasant [20-22]. Some
studies of pupil dilation in children and adolescents have
demonstrated greater pupil dilation to negative stimuli
(words, interactions) than to neutral or positive stimuli
[23,24]. Further, pupillary changes have been found to co-
vary with skin conductance change [20], indicating that
pupillary responses reflect emotional arousal associated
with increased sympathetic activity. Importantly, several
studies have reported increases in pupil dilation in re-
sponse to rewarding stimuli. In adults, sexually arousing
stimuli, whether visual or auditory, lead to increases in
pupil diameter [25-27]. Increasing levels of reward led to
corresponding increases in pupil diameter [28], whether
the reward cues were apparent or subliminal. Craving-
related visual cues in smokers produced increased pupil
diameters [29]; these same cues were also associated with
increased fMRI signal in the ventral striatum [30], suggest-
ing that the pupil dilation during craving is related to
reward anticipation. However, anticipation of a potential
reward or loss in a gambling task caused an increase in
pupil diameter, while actually receiving a reward resulted
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in pupil reduction more than losing a reward, suggesting
that pupil dilation may be related to anticipation of reward
outcomes rather than the attainment of the reward per se.

Despite the utility of pupillary response as a measure of
autonomic arousal, very few studies to date have reported
on pupillary response to facial stimuli in developmental
disorders, such as autism [32,33]. While one study [32]
found overall pupillary constriction when the ASD group
viewed faces as compared to the TD group, another study
[33] did not show differences in pupillary responses to up-
right faces between the ASD and TD group. However, this
latter study found that the ASD group showed increased
pupil dilation to the inverted faces (compared to upright
faces), whereas this effect was not seen in the TD group.
Overall, little is known about the nature of the pupillary
response to faces in individuals with ASD, and the few
existing studies have reported discrepant results.

In the current study, we presented emotional faces
with averted gaze (the eyes of the faces presented are
looking to the side of the subject) and faces with direct
gaze (the eyes of the faces presented are gazing directly
at the subject). Direct gaze in humans communicates
the intent to engage with another person and maintain
social interaction [34]. In neurotypical individuals, direct
gaze compared to averted gaze is associated with
increased activation of the fusiform face area [35]; in
contrast, in one study in children with ASD [36], gaze
direction was not found to modulate brain activity.

Therefore, in the present study we investigated pupillary
response and fixation behavior in children with ASD and
age-matched TD controls while they were presented with
emotional faces (angry, afraid, happy or neutral) displaying
either direct or averted gaze. To examine the aversion hy-
pothesis, we compared pupillary response to emotional
faces in the ASD and TD groups. If individuals with ASD
avoid looking at faces (and the eye region in particular)
because they find this aversive, then children and adoles-
cents with ASD should show an overall increased
pupillary response to faces compared to the TD group.
However, it is also possible that between-group differences
in pupillary responses may only be observed for faces dis-
playing direct eye gaze, irrespective of emotion, or for
faces displaying negative affect.

To examine the social motivation hypothesis, we exam-
ined pupillary response to faces displaying positive affect (a
happy expression) in the ASD and TD groups, with the
underlying assumption that a happy face with direct eye
gaze would be most rewarding for neurotypical individuals
[14,15]. We hypothesized that TD children would show
increased pupil dilation to happy faces with direct gaze
compared to averted gaze. If individuals with ASD avoid
looking at faces, and the eyes in particular, because they
find them unrewarding, then our sample of children with
ASD should not show this effect.
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Methods

Ethics statement

This study was approved by the UCLA Office for Protec-
tion of Research Subjects, and written informed consent
was obtained from every subject.

Subjects

Subjects were recruited from a pool of subjects previously
studied at UCLA, subjects responding to flyers posted
around Los Angeles and referrals from the UCLA Autism
Clinic. Inclusion criteria for the ASD group were (1) a
prior clinical diagnosis of ASD (autism or Asperger’s syn-
drome) confirmed using the Autism Diagnostic Observa-
tion Schedule-Generic [37] and/or the Autism Diagnostic
Interview-Revised [38]; (2) no other reported neurological
disorders (e.g., cerebral palsy or epilepsy) or structural
brain abnormalities; (3) fluent speech and language abil-
ities. TD subjects had no history of medical, psychiatric or
neurological disorders according to parental report.
Twenty-one (1 female) ASD and 20 (1 female) TD sub-
jects (age 8—18) participated in this study (one ASD and
two TD subjects were excluded from the analysis, see
below). Verbal, Performance and Full-Scale 1Q were
assessed by the Wechsler Intelligence Scale for Children-
Third Edition (WISC-III) or the Wechsler Abbreviated
Scale of Intelligence (WASI). Age and IQ scores (Full-
scale, Verbal, Performance) for the two groups are pre-
sented in Table 1. No significant differences between the
TD and ASD group were observed for age or Performance
IQ. Scores on FIQ and VIQ differed between groups; how-
ever, “gaze index” for happy faces (see below) was not cor-
related with FIQ (for ASDs, r=-0.305; for TDs, r=0.319;
for all, »=0.018) or VIQ (for ASDs, r=-0.170; for TDs,
r=-0.010; for all, »=0.033). None of the correlations were
significant (p > 0.19).

Apparatus

Subjects were tested using a video-based eye tracker
(Tobii 1750 Eye-Tracking Technology, using ClearView
2.2.0 software, sampling rate of 50 Hz) while viewing
static images of emotional faces from the NimStim Face
Stimulus Set [39]. During testing, each subject sat 60 cm
in front of a monitor equipped with an eye-tracker and
viewed the stimuli on the monitor (Figure 1la). The

Table 1 Description of subjects
ASD group (n=20)

TD group (n=18)

Age (years) 124 (2.5) 13.7 2.7)
FIQ 106 (20) 117 (12)
VIQ 101 (20) 117 (13)
PIQ 110 (18) 12 (11)

Mean and standard deviations of age, Total Verbal, Performance, and Full-Scale
1Q for ASDs and TDs.
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apparatus is able to calculate the x-y coordinates corre-
sponding to the visual fixation points on the screen (fre-
quency of 50 Hz) within 1 c¢cm of accuracy. The monitor
was situated within a testing booth designed to minimize
visual distractions. The eye-tracking system was cali-
brated before each session and its accuracy validated
before the study.

Stimuli and procedure

The stimuli and procedure used in this eye-tracking
study were the same as those created for a prior fMRI
study conducted in our laboratory [36]. We used a sub-
set of the NimStim Face Stimulus Set [39]: 20 young
adult individuals, each displaying four emotional expres-
sions (angry, afraid, happy or neutral). Stimuli consisted
of an equal number of male and female faces against a
white background, with each major racial group repre-
sented (Figure 1b). We used the original 80 images for
the gaze-direct condition (Figure 1b, left). For the gaze-
averted condition, we edited the original 80 images by
changing the direction of the pupil and the irises using
Adobe Photoshop (Figure 1b, right). Stimulus faces were
presented for 2 s, each according to a pseudo-random
sequence (ISI=1 s). To control the initial fixation pos-
ition, we presented two fixation crosses before each trial.
These were presented for 1 s in the same position where
the eyes were to appear in the next face stimulus. Null
events, consisting of fixation crosses in the center of the
screen, were distributed pseudo- randomly throughout
the run (as per the prior fMRI protocol). We prepared
eight sets of stimulus presentation schedules, which
were created by randomizing Gaze Condition (gaze-dir-
ect, gaze-averted) and emotional expression. All stimuli
presentation schedules were used in each group (ap-
proximately an equal number of times). At the beginning
of each session, subjects were instructed to pay attention
to the pictures and keep their head as still as possible. This
was a passive viewing task, and the subject’s level of atten-
tion to the stimuli displayed was monitored. One TD sub-
ject was unable to follow instructions, and thus his data
were excluded from subsequent analysis. Our prior work
with this population indicated that high functioning ado-
lescents with ASD have no difficulty identifying and label-
ing these basic facial emotions [40].

Pupillary response analysis

Pupil diameter was recorded by the Tobii Eye Tracker.
The data were exported and analyzed offline using custom
codes in Matlab with Statistics Toolbox. We first removed
missing data points (i.e., blinks, fixation outside of the field
of view, etc.). Additionally, since pupil diameters are not
stable when recorded for less than 100 ms, we removed
these unstable points as well. Second, we linearly interpo-
lated the missing data points. Third, the time course was
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Video
camera __ Eyetracking
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Figure 1 Study setup, stimuli and regions of interest (ROls). a Study setup and apparatus. b Example stimuli for the gaze-direct and
gaze-averted conditions. ¢ Regions of interest around eyes, nose, mouth, chin and forehead, drawn with a 1-cm error margin.

smoothed with a boxcar kernel with a width of 100 ms.
The above procedures were independently performed for
the pupil data from left and right eyes. Fourth, we
extracted the pupillary time course for each trial and
rejected trials that contained more than 30% of missing
data. If the pupillary time courses were interpolated less
than 30% for both eyes, we averaged them. If the data
from one eye were rejected, we used the data from the
other eye without averaging. At the subject level, we
excluded data from subjects who did not have more than
10 trials out of 20 trials in each condition (e.g., direct
happy face). By the above procedures, data from one ASD
and one TD subject were excluded from all subsequent

analyses. For the remaining subjects, 75-100% of trials
were valid (for the ASD, on average 93%; for the TD, on
average 95%).

For each trial, we converted the pupillary diameter
into a percent increase unit, by dividing the time course
of the pupillary diameter by the mean pupillary diameter
during the 100 ms before the stimulus onset (baseline).
We obtained a mean pupillary response time course for
each subject by subtracting the mean time course for
null trials from the mean time course for all the face
trials. We obtained the grand mean pupil response time
course across subjects by averaging the mean pupil time
course for each subject.
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compared to averted gaze (paired t-test, p < 0.05 marked by circles).

\

Figure 2 Differential (i.e., direct-averted) pupillary response time course for TD and ASD groups. The ASD group is displayed in the top
graph, and the TD group is shown in the bottom graph. TDs showed significantly larger responses to the happy faces (red) with direct gaze

To capture the specificity of the gaze effects on the
pupil response to each emotion, we introduced the fol-
lowing gaze index (GI) for emotion, i,

Rd(i) B Ra(i)

Gl(i) =
O S IR R0
J

Il 0
o4l . B ASD

Happy Neutral Fear Angry
Figure 3 Gaze index. Blue, TDs; red, ASDs. Gaze index measures the
specificity of the modulation of pupillary response by gaze direction
for each emotion. TDs show happy-specific gaze modulation. The

error bars indicate standard error of the mean.

where R refers to the mean pupillary response between
0.6-1.6 s after stimulus onset; subscripts ‘d’ and ‘@’ refer
to directed and averted gaze conditions, respectively.
The denominator is the sum of the absolute values of
the differential responses over four emotions, j. Gaze
index, GI(i), is 1 if and only if emotion, i, elicits a non-
zero differential response and the other emotions elicit
zero differential responses. If the pupillary response
magnitude is the same for all emotions, GI for each
emotion is either +.25 or -.25, depending on the polarity
of the differential response to direct vs. averted gaze. To
compute GI at each time point, we smoothed pupillary
response with a boxcar kernel with a width of 200 ms.

Fixation pattern analysis

Regions of interests (ROIs) were individually drawn around
the eyes, mouth, nose, chin and forehead (Figure 1c). Each
region had a 1-cm margin to accommodate the resolution
of the Tobii Eye Tracker system (~1 degree of visual angle;
see Figure 1c). We assigned an ROI value of 1 when the fix-
ation was within a given ROI and 0 otherwise at each sam-
ple time (20 ms at 50 Hz). For each subject, we computed
the proportion of fixation within a given ROI at each sam-
ple time (20 ms) as the probability of fixating on that ROI
for each facial stimulus, out of the total number of faces
presented (20 faces for each emotion in each gaze
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condition). Subsequently this proportion was smoothed
with a boxcar kernel with a width of 200 ms. To normalize
the distribution of the ROI values, we transformed the pro-
portion of fixation with a log-it function for all subsequent
statistical analyses;

logit(p) = % * log(p/(1 —p))-

The logit transformed ROI values were used for the
fixation duration analyses.

Results

Pupil dilation analyses

Analyses to examine the ‘aversion hypothesis’

To examine if individuals with ASD avoid looking at faces,
and the eye region in particular, we performed a repeated
measure ANOVA with gaze condition (averted and direct)
and emotion (happy, angry, fear and neutral) as within-
subject factors and diagnosis as a between-group factor
(ASD and TD) for pupillary response magnitude, measured
as the mean pupillary response from 0.6 to 1.6 s (see
Pupillary response analysis section). In this analysis, there
was no main effect of group (F(1,36) = 1.399, p = 0.245), in-
dicating that the ASD and TD groups displayed similar
overall pupillary responses when summing across emotion
and gaze condition. Additionally, there was neither a sig-
nificant group x gaze direction interaction (F(1,36) =0.399,
p=0.532) nor a significant group x emotion interaction (F
(3,108)=1.672, p=0.177), indicating similar pupillary
responses across the ASD and TD groups, irrespective of
gaze direction and emotions (Table 2). Importantly, we
observed no significant main effect of group or group x
gaze interaction when we examined pupillary responses to
negative emotions (anger and fear) (ps > 0.151) or the fear
expression alone (ps > 0.169). Further, when we examined
fear direct vs. neutral direct for the TD and ASD groups
the results did not approach statistical significance (TD: F
(1,36) = 1.536, p = 0.223; ASD: (F(1,36) = 0.158, p = 0.694).

Analyses to examine the ‘social motivation hypothesis’

To examine if individuals with ASD do not look at faces
and the eye region in particular because they do not find
it rewarding, we examined pupillary responses for the
happy emotion using a repeated measure ANOVA with
gaze condition (averted and direct) as a within-subject fac-
tor and diagnosis as a between-group factor (ASD and
TD). This analysis revealed an overall main effect of gaze
direction (F(1,36) =6.446, p=0.016) such that larger
pupillary responses were observed for direct gaze across
the two groups. While there was no significant main effect
of group or a significant group x gaze interaction, as
hypothesized, children in the two groups differed in sensi-
tivity to the gaze direction for happy faces. Planned com-
parisons revealed that the TD group showed a significant
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Table 2 Mean pupillary response for ASD and TD groups

Emotion Gaze Group Mean pupil SD
condition increase [%]
Happy Direct D 7.71 2.77
ASD 822 3.77
Averted iIb) 6.37 2.60
ASD 767 431
Neutral Direct D 7.10 2.88
ASD 8.05 4.54
Averted D 7.10 279
ASD 821 4.35
Fear Direct D 6.52 3.56
ASD 8.22 388
Averted D 6.33 263
ASD 7.87 433
Anger Direct D 6.23 2.82
ASD 7.86 3.97
Averted D 6.32 241
ASD 8.05 4.57

Mean and standard deviations of pupillary response for each group (ASD and
TD), emotion (happy, neutral, fear and anger) and gaze condition (direct and
averted).

effect for gaze direction (F(1,36)=6.130, p =0.018), with
increased pupillary dilation to direct happy faces vs. to
averted happy faces. In contrast, the ASD group did not
show this effect (F(1,36) =1.165, p =0.288). Further, in the
larger repeated measure ANOVA with both gaze condi-
tion and emotion (happy, angry, fear and neutral) entered
as within-subject factors, the mean pupillary response for
the happy emotion in the direct gaze condition was sig-
nificantly larger than all of the other emotions in the TD
group (F(1,36) =8.250, p=0.007), but not in the ASD
group (F(1,36) = 0.246, p = 0.623).

We then performed a second set of analyses where, for
each group, the pupillary responses for direct vs. averted
gaze were examined for each emotion at each time point.
The TD group showed significantly larger pupillary dila-
tion to the gaze-direct happy faces than to the gaze-
averted happy faces (Figure 2 top panel, red line; circles
indicate p < 0.05, for each time point with a paired t-test).
For the TD group, this effect was specific to the happy
emotion (for all other emotions: ps>0.05 for all time
points). The ASD group did not show sensitivity to the
gaze direction for any of the emotions (ps>0.05 for all
time points, Figure 2 bottom panel).

Finally, to further qualify the effect of gaze direction, we
conducted additional analyses using the ‘gaze index; which
normalizes the differential gaze effects (ie., gaze direct-
gaze averted) by dividing by the sum of the absolute value
of the differential gaze effects across all emotions (see
Pupillary Response Analysis section in the Methods). A
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repeated-measure ANOVA with emotion (happy, angry,
fear and neutral) as a within-subject factor and diagnosis
as a between-group factor (ASD and TD) revealed a main
effect of emotion (F(3,108) = 3.825, p =0.012), but no main
effect of group (F(1,36) =1.032, p =0.316) or group x emo-
tion interaction (F(3,108) =1.210, p =0.310). Importantly,
however, the gaze index differed significantly across emo-
tions in the TD (F(3,51) =4.310, p=0.009), but not the
ASD group (F(3,57) =0.786, p=0.507). A post-hoc non-
parametric permutation test (10,000 times [41]) confirmed
that the gaze index for happy expressions was larger in the
TD group than the ASD group (p =0.038; Figure 3). We
conclude that the TD group displayed significantly larger
pupillary dilation to happy faces when the gaze was direc-
ted to them than when the gaze was averted, whereas the
ASD group did not show this effect.

Fixation pattern analyses

One potential concern is whether the observed pupillary
response effects could be secondary to differences in fix-
ation behavior. For instance, the eye region of a face is of
high luminance and contrast; increased focus on the eyes in
the TD group could result in increased pupil dilation simply
due to luminance differences [42]; similarly, faces displaying
different emotional expressions could potentially have dif-
ferent luminance properties. Therefore, we examined po-
tential luminance differences across images to rule out this
possibility. In each of the eight image categories (four emo-
tions [angry, fear, happy and neutral], two gaze directions
[direct vs. averted]), we computed the mean RGB value
across the entire image and found no significant differences
in luminance (all ps > 0.5).

The observed differences in pupillary responses could
also be affected by whether attention is directed to the
eyes or other parts of the face [10]. It is possible that the
TD group might have shown increased pupillary response
to the happy faces because they fixated more on the eyes
for the direct-gaze than the averted-gaze condition. Simi-
larly, the ASD group might have shown less modulation
of the pupillary response by the gaze direction because
they fixated less on the eyes than the TD group. Although
we attempted to minimize between-group differences by
providing fixation crosses at the level of the eyes to cue all
participants to look at the eye region, we nevertheless
evaluated possible group differences in eye fixation and
the relationship between fixation and pupillary responses.

We examined the time that the ASD and TD groups
spent fixating on the eyes for each emotion and gaze con-
dition from 0-1.6 s (the time range corresponding to the
period from stimulus onset to the end point of the time
interval used for the pupillary response analyses). The
results of this repeated-measures ANOVA revealed only a
significant main effect of emotion (F(3,108)=6.150,
p=0.001) such that participants fixated less on the eyes
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for the angry than for the neutral faces. Since the signifi-
cant within- and between-group effects of pupillary re-
sponse were observed for the happy expressions only, we
further probed fixation behavior for this emotion. Overall,
the repeated measures ANOVA for happy faces revealed
no main effect of group (F(1,36) = 2.347, p =0.134) or gaze
condition (F(1,36)=1.865, p=0.180), or interaction of
gaze condition by group (F(1,36)=0.000, p=0.986) for
fixation behavior.

Discussion

Here we showed increased pupillary responses when TD
children and adolescents viewed happy faces with direct vs.
averted gaze. In contrast, children and adolescents with
ASD did not show any enhanced pupillary response to
happy facial expressions (or to any other emotion). Happy
faces [14,15] have been shown to activate reward circuitry
in neurotypical individuals; in fact, attractive faces display-
ing direct eye gaze elicit significant activity in the ventral
striatum, an area that is part of the neural system associated
with reward processing [16]. Numerous studies have also
shown that pupillary response may reflect reward proces-
sing [19,21,43]. For instance, one reward learning study
[21] showed that rewarding stimuli (rated as the “most pre-
ferred”) were associated with a significant increase in pupil
dilation, as well as increased activity in the ventral striatum.
In light of these findings, we suggest that the happy-specific
gaze effects of pupillary response observed in our study for
the TD group may be related to the intrinsic reward value
of a smiling face. The lack of such modulation in the ASD
group lends support for the hypothesis that children with
ASD have an impairment in social reward processing [13].
Importantly, the present findings are also consistent with
recent neuroimaging evidence showing decreased reward
circuitry responsivity in children and adolescents with ASD
[44].

Previous research has shown that individuals with ASD
may display aberrant fixation patterns because they find
looking at the eyes aversive [6,11,45]. If this was the case,
the ASD group should have exhibited increased pupillary
diameters to faces in general, and to faces with direct gaze
in particular. However, we did not observe this pattern of
results. Further, pupillary responses did not vary in re-
sponse to a potential threat such as viewing a fearful or an
angry face with direct gaze. Taken together, then, our data
argue against the ‘aversion hypothesis’ and instead suggest
that individuals with ASD may fail to appreciate the re-
ward value of human faces, in line the social motivation
hypothesis [13], which posits that individuals with ASD do
not find social stimuli and interactions rewarding. How-
ever, since other studies have provided data indicating that
individuals with ASD may find direct gaze aversive
[6,11,45], these hypotheses may not be mutually exclusive.
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Nonetheless, our study suggests that aversion may not be
the only viable account for reduced eye contact seen in
autism.

Interestingly, unlike several prior reports (e.g., [23,24,46]),
we did not see an overall group difference, or group by gaze
interaction, in response to fearful faces. For instance, Farzin,
Rivera and Hessl [46] showed greater pupillary response to
emotional faces including fear in children with Fragile X
syndrome as compared to controls. Both groups showed an
increase in pupil size for both happy and fearful expres-
sions. These results are particularly relevant to the current
study, as many of the Fragile X subjects in Farzin and col-
leagues’ [46] study were on the autism spectrum. One pos-
sible explanation for the discrepancy between the results of
the current study and those observed by Farzin et al. is that
our stimuli mainly consisted of faces displaying negative
affect (e.g., fear, anger) or neutral facial expressions, which
are often evaluated as negative (e.g., [47,48]). Accordingly,
the presentation of a happy face may have violated the ex-
pectation of a negative facial emotion, leading to a predic-
tion error and thus a larger pupillary response to happy
faces in TD children. Indeed, the locus coeruleus, which
controls pupil dilation, also plays a role in detecting and
responding to new targets in the environment [49,50]. Even
6- to 12-month-old infants show pupil dilation while ob-
serving actions that violate their expectations [51]. Lastly,
our primary analyses focused on comparisons within emo-
tions but between direct and averted gaze conditions, with
an additional comparison of fearful vs. neutral faces with
direct gaze. Irrespective of gaze, emotional faces as well as
neutral faces may produce similar levels of pupil dilation.
For instance, several neuroimaging studies have shown that
neutral faces may produce equally strong [52,53] or greater
[48] amygdala activation compared to fearful faces, suggest-
ing that neutral faces can be as arousing as those with
negative expressions. Thus, pupillary responses in the
current study might be predictably smaller than those
observed in prior studies that used scrambled faces as
control stimuli.

Conclusions

Typically developing children and adolescents demon-
strated increased pupillary diameter to happy faces with
direct gaze, suggesting that a smiling face looking directly
at an individual is intrinsically rewarding. The absence of
this effect in children and adolescents with ASD is consist-
ent with the hypothesis that these children are less moti-
vated to look at faces and make eye contact because of
reduced sensitivity to the reward value of these critically
important social stimuli. Further studies employing differ-
ent techniques simultaneously, such as monitoring auto-
nomic responses (pupillary response, skin conductance
response and heart rate modulation), tracking eye move-
ments or measuring brain activity may further elucidate
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the contribution of social motivation deficits to ASD
symptomatology.
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