Visual Orienting in Children With Autism: Hyper-Responsiveness
to Human Eyes Presented After a Brief Alerting Audio-Signal,
but Hyporesponsiveness to Eyes Presented Without Sound
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Autism Spectrum Disorder (ASD) has been associated with reduced orienting to social stimuli such as eyes, but the
results are inconsistent. It is not known whether atypicalities in phasic alerting could play a role in putative altered
social orienting in ASD. Here, we show that in unisensory (visual) trials, children with ASD are slower to orient to
eyes (among distractors) than controls matched for age, sex, and nonverbal IQ. However, in another condition where
a brief spatially nonpredictive sound was presented just before the visual targets, this group effect was reversed. Our
results indicate that orienting to social versus nonsocial stimuli is differently modulated by phasic alerting mecha-
nisms in young children with ASD. Autism Res 2017, 10: 246-250. © 2016 The Authors Autism Research published
by Wiley Periodicals, Inc. on behalf of International Society for Autism Research.
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According to social orienting theories of Autism Spec-
trum Disorder (ASD), people with this condition orient
less or slower to socially salient stimuli than people
with typical development (TD; Dawson et al., 2004).
Further, it is assumed that reduced orienting early in
life may have cascading effects on both brain develop-
ment, cognition and behavior (Dawson et al., 2004;
Schultz, 2005). In line with this view, studies have dem-
onstrated that children with ASD orient less to some
socially relevant stimuli such as hand claps and voices
calling their names (Dawson et al.,, 2004; Hirstein,
Iversen, & Ramachandran, 2001). However, studies
using face-like stimuli provide a mixed picture of both
typical (Shah, Gaule, Bird, & Cook, 2013), and slower
(Guillon et al., 2016) orienting in ASD, leading some to
question the validity of the social orienting hypothesis
of ASD (Johnson, Senju &Tomalski,, 2015).

ASD has also been linked to atypical functioning of
the phasic alerting system, which is anatomically and
functionally partly dissociable from the visuo-spatial
orienting brain network. Alerting mechanisms are
responsible for achieving and maintaining an adaptive
level of arousal to incoming sensory information
(Petersen & Posner, 2012; Robertson & Caravan, 2004;
Robertson, Mattingley, Rorden, & Driver, 1998). A

phasic alerting response occurs when the level of arous-
al increases after a sensory cue unrelated to the task
(Petersen & Posner, 2012). In contrast to visuo-spatial
attention, phasic alerting does not direct attention to
specific spatial locations. Phasic alerting cues can has-
ten responses of the visual system and enhance percep-
tual accuracy (Brown et al., 2015; Keetels & Vroomen,
2011; Zou, Muller, & Shi, 2012). Tonic and phasic firing
rates of arousal-related neurotransmitter systems, most
notably the noradrenergic system, are believed to
underlie this effect (Petersen & Posner, 2012). The larg-
est benefits of phasic alerting on visual attention may
be seen in people with attenuated tonic alertness due
to clinical conditions such as right hemisphere neglect
(Robertson et al., 1998) or pharmacological manipula-
tions of the adrenergic system (Brown et al., 2015). Peo-
ple with ASD have been shown to respond atypically to
sudden and unexpected information from unattended
modalities (Keehn, Nair, Lincoln, Townsend, & Miiller,
2016; Orekhova & Stroganova, 2014). In addition to
these domain general findings, atypical autonomic
responses to social stimuli such as eyes with direct gaze
have been found in ASD (Dalton et al., 2005; Kylliainen
& Hietanen, 2006). Although it has been hypothesized
that that atypical phasic alertingould be contributing to
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atypical visuo-spatial attention processes in ASD (Ore-
khova & Stroganova, 2014), to our knowledge, no study
has investigated the role of phasic alerting for social ori-
enting in children with ASD. In the current study, we
showed children with ASD and controls visual stimuli
displaying human eyes among several distractor objects.
Eyes are one of most salient stimuli for humans from
infancy and onwards (Johnson et al., 2015). The first
aim of the study was to test a prediction derived from
the social orienting hypothesis; namely that one would
see slower orienting to the eyes in the ASD than in the
TD group. To our knowledge, no previous study has
tested orienting to eyes, specifically (i.e., not presented
in the context of a whole face). A second aim of the
study was to examine orienting to social stimuli (eyes)
under different levels of alertness. To manipulate alert-
ness, the visual stimuli were preceded by either no
sound or a brief spatially non-informative sound. In
light of previous findings of altered arousal related pro-
cesses in ASD and the fact that arousal has strong

Table 1. Sample Characteristics (Means and Standard
Deviations)

ASD D
Measure (N=15) (N=16)
Age (months) 80 (20) 79 (12)

effects on cognitive processing, we hypothesized that
children with ASD to be differently affected by phasic
alerting than the TD group. We included both social
and non-social sounds as alerting stimuli, in order to be
able to explore whether the type of altering stimuli
would play a role in this context.

Methods

Sixteen children with ASD (mean age: 6.5 years; 3
female) participated in the experiment. All children
were recruited from a habilitation center and had a
community diagnosis of ASD. Diagnosis was indepen-
dently confirmed by assessment with the ADOS-2 (15
children) or by records from medical assessment includ-
ing the ADOS-2 (one child). The ASD group was com-
pared to a typically developing (TD) control group
(N =16, mean age: 6.5 years 2 female). All participants
were assessed with either the WISC-IV (N =9) (Wechs-
ler, 2003) or the WPPSI-III (N =23) (Wechsler, 2002).
Nonverbal IQ (NVIQ) was calculated according to a pre-
vious study (Black, Wallace, Sokoloff, & Kenworthy,
2009). An initial group of TD participants (N = 24) was
recruited from a database of families volunteering to
participate in developmental research. For each child
with ASD, we selected the child with TD that was clos-

NVIQ 100 (26) 115 (18) . . .

SRS total score 80 (16) 44 (5) .est in NVIQ as a matched control. Group.s d'1d not c.hf.fer
ADOS-2 total score* 14 (6) _ in age (P>.30) or NVIQ (P>.18). Descriptive statistics
ADOS-2 Social Affect subscale* 11 (6) from children included in the final analysis (after exclu-
ADOS-2 Restricted and 3(2) sion of one outlier, see Analysis and Data reducition)
Repetitive Behaviors subscale are shown in Table 1. Children with TD had no psychi-

Total number of rejected trials 0.87 (1.2) 0.69 (1.01) K . . . i
atric or medical diagnosis, according to parent report,
Note. Based on 14 children and did not show clinical signs of ASD as assessed by
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Figure 1.

Outline of the experiment. All trials started with by a moving animation followed by a blank screen. A sound (either

social or nonsocial) or no sound was presented during this interval. After this, a stimulus array with two eyes and three nonsocial
objects were shown. The position of the objects was counterbalanced across trials.
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the Social Responsiveness Scale (SRS; Constantino &
Gruber, 2002; all T-scores < 60).

We presented images of human eyes with direct gaze
along with three nonsocial images (see Fig. 1) on a com-
puter screen. Nonsocial images depicted two everyday
objects and a pair of two black circles resembling the
low-level visual features of human pupils. In total, 12
nonsocial objects and eye regions from four faces were
used as stimuli. Eye regions from a validated stimulus set
(Lundgqvist, Flykt, & Ohman, 1998) were used as stimuli.
We used eyes from faces displaying fear to maximize the
likelihood of orienting (Whalen et al., 2004). The stimuli
were presented in randomized order and were preceded
by a moving animation in order to draw participants’
attention to the center of the screen. On unisensory tri-
als, the images were presented without any accompany-
ing sound. On multisensory trials, the images were
preceded by a phasic alerting signal starting within a var-
iable time interval of 500-700 milliseconds (ms) before
the onset of the visual stimuli. The alerting signal could
be either a single phoneme (social multisensory trials) or
a brief beep (nonsocial multisensory trials). Auditory
stimuli had an approximate sound volume of 75 decibels
and aduration of 300-450 ms.

The eyes were equally likely to appear in all positions.
However, due to a technical error, one of four nonsocial
multisensory trials was lacking for all participants. To
correct for this, we analyzed only the three first trials
within each condition (resulting in a total of nine trials
per participant). Saccade latency was measured with a
Tobii TX120 (Tobii Inc, Danderyd, Sweden) eye tracker
at a sample rate of 60 HZ. The study was approved by
the regional research ethics committee of Stockholm.
Children were asked to attend to the screen, but were
given no further instructions.

Analysis and Data Reduction

The dependent variable was the mean latency in ms to
the first fixation at the eyes in the stimulus arrays. Trials
were discarded if participants made a saccade with a
latency <100 ms after stimulus onset to the target (con-
sidered a predictive saccade) or if they did not fixate the
center of the screen before target onset. The number of
discarded trials did not differ between groups (P> .5).
One participant in the ASD-group with a value >2.75 sd
above the overall mean in the social multisensory condi-
tion was considered an outlier and removed from further
analysis. In sum, 15 children with ASD and 16 children
with TD were included in the final analysis. After log
transformation (all variables), assumption of normality
was not violated according to the Kolmogorov-Smirnov
test (all Ps >.14). Descriptive statistics from the untrans-
formed data is shown in Table 2. Fixations were identi-
fied using the Tobii Fixation Filter with velocity and

Table 2. Latency to First Fixation on the Eyes in Milliseconds
(Untransformed Values). Means and (standard Deviations).

Unisensory Multisensory Multisensory Multisensory

Group (Silent) (Combined) (Social) (Nonsocial)
ASD 764 (215) 579 (143) 616(223) 598(170)
™ 580 (207) 718 (172) 783(270) 650(223)
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Figure 2. Latency to first fixation on the eyes in milliseconds

by group and condition (log transformed values) Error bars rep-
resent standard error of the mean. Statistical significance at
P <.05 is denoted by * (Bonferroni corrected). See table 2 for
untransformed values.

distance threshold set to 35 pixels. Data was further ana-
lyzed in Matlab (Mathworks Inc., CA, USA) and SPSS
(IBM corp., NY, USA).

Results
Preliminary Analyses

In order to potentially simplify the main analysis
(below), we first checked whether sound type played a
differential role in the two groups, using an ANOVA
with the two multisensory conditions (social, nonso-
cial) as within subjects factor and group entered as a
between subjects factor. This analysis revealed no inter-
action effect (P=.31) or main effect of condition
(P=.82), but a main effect of group F (1, 29) =10, 218
P=.003, reflecting faster orienting to eyes in the ASD
group. Given the lack of interaction effect in this analy-
sis, we averaged the data from the two multisensory
conditions in subsequent analyses, hereafter referred to
as the multisensory condition.

Main Analyses

Latencies to orient to eyes in the multisensory and uni-
sensory conditions are shown in Figure 2. An ANOVA
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with condition (silent, multisensory) as within subjects
factor and group as between factors revealed a significant
group x condition effect, F (1,29) =24,028; P<.001. In a
second step, we used f-tests with Bonferroni-corrected
P-values (corrected for four comparisons) to test the dif-
ference between specific means. Equal variances were
not assumed. As predicted from the social orientation
hypothesis of ASD, children with ASD oriented slower to
the eyes than TD children in the unisensory condition, t
(29)=2.736; P=.044; d=1.01. However, as already
revealed by the results described in the preliminary anal-
ysis, a group difference in the opposite direction was
found in the multisensory condition (note that the P-
value for this contrast holds for correction). Children
with ASD oriented slower to the eyes in the unisensory
condition compared to the multisensory condition, ¢t
(14) =3.967; P=.005; d=1.06. The TD group showed
the opposite pattern, with slower orienting to the eyes
in the multisensory condition compared to the unisen-
sory condition, t (15)=3.127; P=.027; d=0.92. The
results did not change when all four trials in the unisen-
sory and social multisensory conditions were included in
the analysis.

To analyze the effect of alerting cues on overall ocu-
lomotor speed, we calculated the mean latency to first
fixation regardless of the location of the fixation as the
dependent variable (i.e., also, including fixations land-
ing at the nonsocial objects or between the AOlIs).
Again, condition (unisensory, multisensory) was added
as within subjects factor and group as between subjects
factor. This analysis revealed no main effect of group or
condition, and no interaction effect (all P >.15).

Discussion

Consistent with the social orienting hypothesis, we
found evidence of delayed orienting to eyes in young
children with ASD compared to typically developing
children. However, this group difference was only
found on silent (unisensory) trials, whereas auditory
alerting cues reversed the pattern of results. No differ-
ence was found between social and nonsocial sounds,
suggesting that the effect was not dependent on a par-
ticular sound type. Although the exact mechanisms
remain to be understood, our results indicate that social
orienting cannot be understood without taking into
account a possible influence of atypicalities in arousal
and phasic alerting. Phasic alerting can have markedly
different effects on behavior depending on tonic alert-
ness. For example, people with reduced tonic alertness
due to decreased noradrenergic activity show a particu-
larly strong benefit of phasic alerting (Brown et al.,
2015) This implies that differences in both baseline and
phasic alerting could underlie the effect. Our results are

therefore consistent with the notion that ASD is charac-
terized by atypical arousal-related processes (e g. Hirst-
ein et al., 2001). Alerting cues can increase the
detectability of stimuli of low salience (Kusnir et al.,
2011). One possible explanation of the present results is
that alerting cues increased the relative perceptual
salience of eyes in the ASD group, and the salience of
the distractors in the TD group.

It is notable that alerting cues did not differentially
affect the groups’ overall saccadic latencies. Rather, it is
the latency to orient to eyes that is differentially affect-
ed. The results are therefore best interpreted as reflect-
ing interactions between phasic alerting and brain
mechanisms involved in orienting to eyes. This may
suggest that during periods of high alertness, the autis-
tic brain is biased toward selecting social stimuli for
perceptual processing.

Our results are consistent with previous studies dem-
onstrating atypical behavioral, brain and autonomic
responses to eyes with direct gaze in people with ASD
(Dalton et al., 2005; Kyllidinen & Hietanen, 2006), but
stand in contrast to studies that found intact orienting
to whole faces in adults with ASD (Shah et al., 2013).
The latter discrepancy could be related to different lev-
els of phasic alertness induced by the stimuli in the
studies. However, the difference could also be related to
the particular visual stimuli. Isolated eyes may activate
eye-selective neural processes more than whole faces
(Itier & Batby, 2009). From this perspective, it might be
informative to compare orienting to eyes and full face
stimuli in ASD in future studies. It is also notable that
eyes from fearful faces were used in the present study
in order to maximize the likelihood of attentional ori-
enting (Adolphs, 2010). Although it is not likely that
fearful faces are represented by completely specialized
mechanisms in this context, studies using a wider range
of stimuli could be informative. Studies of social atten-
tion in ASD often use sounds to attract participants’
attention to the screen (e g Elsabbagh et al., 2013). Our
results suggest that sounds may affect children with
ASD and TD differently, at least at the earliest stages of
processing.

The present study is limited by its small sample size,
but if the results are reproduced by independent stud-
ies, they have far reaching implications for our under-
standing of social orienting in ASD, and for reconciling
some of the discrepant findings on social orienting in
ASD.
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