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Abstract The ‘gaze aversion hypothesis’, suggests that

people with Autism Spectrum Disorder (ASD) avoid mutual

gaze because they experience it as hyper-arousing. To test this

hypothesis we showed mutual and averted gaze stimuli to 23

mixed-ability preschoolers with ASD (M Mullen DQ = 68)

and 21 typically-developing preschoolers, aged 2–5 years,

using eye-tracking technology to measure visual attention and

emotional arousal (i.e., pupil dilation). There were no group

differences in attention to the eye region or pupil dilation. Both

groups dilated their pupils more to mutual compared to

averted gaze. More internalizing symptoms in the children

with ASD related to less emotional arousal to mutual gaze.

The pattern of results suggests that preschoolers with ASD are

not dysregulated in their responses to mutual gaze.

Keywords Mutual gaze � Autism � Gaze aversion

hypothesis � Direct eye contact � Eye-tracking

pupillometry � Emotional regulation

The soul that can speak through the eyes can also kiss

with a gaze.

—Gustavo Adolfo Bécquer

Introduction

One of the most apparent features of Autism Spectrum

Disorder (ASD), a neurodevelopmental disorder defined

by reciprocal social-communicative difficulties and be-

havioural rigidity [American Psychiatric Association

(APA), 2013], is problems with responding to and returning

other’s eye gaze (Kanner 1943; Tonge et al. 1994). When

someone gives us direct eye contact, we have an emotional

response and our attention becomes captured by their eyes

(Senju and Johnson 2009a). Direct eye contact between two

people, mutual gaze, is an essential component of inter-

personal interaction. Moreover, through establishing mutual

gaze with another, we may not only initiate, sustain or

terminate interpersonal interactions, but also communicate

emotional meaning, such as warmth or distrust (Cook 1977;

Exline and Winters 1965; Itier and Batty 2009; Mazur et al.

1980; Nielsen 1962). Hence responding to and using mutual

gaze are multifaceted social skills.

In typical development, the adult pattern of preferential

attention to and enhanced neural response to mutual gaze

(George and Conty 2008) emerges during the first months

of life (Farroni et al. 2002; Farroni et al. 2004; Striano et al.

2006), though refinement of this phenomena occurs over

the course of development (Farran and Kasari 1990; Gliga

and Csibra 2007; Johnson et al. 2005; Senju and Johnson

2009a). Abnormalities with eye contact is a defining fea-

ture of people with ASD [American Psychiatric Asso-

ciation (APA), 2013] and research shows that they have
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atypical responses to direct eye contact (Lord et al. 2000;

Volkmar and Mayes 1990; Willemsen-Swinkels et al.

1998). Reduced engagement in mutual gaze in ASD can be

seen over the first 6 months of life (Jones and Klin 2013)

and this difficulty commonly persists into adulthood (Senju

and Johnson 2009b).

One prominent theory of why people with ASD have

such difficulties with mutual gaze is that they find mutual

gaze hyper-arousing and/or aversive. We examine this

‘gaze aversion hypothesis’ (Bowman et al. 2004; Tanaka

and Sung 2013) by first exploring the findings regarding

visual attention to mutual gaze, and then by investigating

the findings on emotional arousal to mutual gaze in ASD.

Visual Attention to Mutual Gaze

If individuals with ASD experience eye contact as an

aversive stimulus, they might avert their gaze when people

look at them directly. Consistent with this notion, some

eye-tracking studies that have examined visual-scanning

patterns of neutral/emotional faces with direct eye contact

or naturalistic social scenes have found reduced attention to

the eye region in ASD (Jones et al. 2008; Klin et al. 2002;

Nuske et al. 2014b; Spezio et al. 2007). However, other

eye-tracking studies have found normative visual attention

to the eye region in ASD (e.g., Elsabbagh et al. 2009; Van

der Geest et al. 2002; Young et al. 2009), with some studies

suggesting that individuals with ASD, just like TD indi-

viduals, do look for a longer duration to the eye region

compared to other face regions (e.g., Hernandez et al.

2009).

As most of these studies did not use control conditions

showing the face without mutual gaze for comparison, it is

difficult to ascertain whether these face-scanning patterns

are directly related to mutual gaze or rather to general face

scanning. To our knowledge, only four studies to date have

examined visual attention to mutual versus averted eye

gaze or closed eyes in ASD, and the results are mixed (see

Table 1; also included are studies on physiological reac-

tivity). Two studies found that both ASD and comparison

groups look for a longer duration to mutual gaze than to

averted or closed eyes (Louwerse et al. 2013; Vivanti et al.

2011); one study found that both groups looked equally to

mutual and averted or closed eyes (Kaartinen et al. 2012)

and one study found that children in the ASD group did not

look for a longer duration to mutual versus averted gaze

while the control did (Vivanti and Dissanayake 2014).

Therefore, although reduced use of mutual gaze in ASD is

a consistent clinical finding, only a few eye-tracking

studies have examined visual attention to mutual gaze with

appropriate experimental control conditions, yielding

mixed findings.

Emotional Arousal to Mutual Gaze

If mutual gaze is aversive to people with ASD one might

also expect emotional dysregulation in response to mutual

gaze in this population. Though dysregulation can lead to

two overall patterns of emotional arousal, hyper-arousal

or hypo-arousal, hyper-arousal would be predicted if

mutual gaze were experienced as ‘threatening’ in ASD.

Emotional arousal can be measured by brain activation in

sub-cortical emotional brain centres, such as the amygdala

(Adolphs 2010). Some neuroimaging studies have found

that people with ASD are hyper-aroused (have more

amygdala activity) by mutual gaze (Dalton et al. 2005;

Kliemann et al. 2012). These findings have been sug-

gested to account for reduced mutual gaze in people with

ASD, thought to be an adaptive strategy to regulate

arousal during social interactions (Bowman et al. 2004;

Dalton et al. 2005; Kliemann et al. 2010; Tanaka and

Sung 2013; Tottenham et al. 2013).

Another way to measure emotional arousal is by cap-

turing autonomic nervous system (ANS) or physiological

responses, such as skin conductance responses (SCRs),

heart rate or pupil dilation (Stern et al. 2001). In typical

development, mutual gaze produces higher physiological

responses than averted gaze (Emery 2000; Mazur et al.

1980; McBride et al. 1965; Nichols and Champness

1971). In ASD, six studies have measured physiological

responses to mutual versus averted gaze or closed eyes to

date. As shown in Table 1, between-group differences

show that findings are mixed. Some studies have

documented the opposite pattern, finding hypo-arousal to

mutual gaze in ASD relative to comparison groups

(Kaartinen et al. 2012; Stagg et al. 2013). These findings

have been interpreted in terms of reduced motivational

salience of social stimuli in this population (Chevallier

et al. 2012; Dawson et al. 1998; Zeeland et al. 2010),

such that people with ASD have reduced emotional re-

sponses to mutual eye contact, so seek out these experi-

ences less than their TD peers. However, Kaartinen et al.

(2012) also found hypo-arousal in ASD relative to a

comparison group in response to averted and closed eyes,

suggesting a general hypo-responsiveness to faces rather

than to mutual gaze. Joseph et al. (2008) found hyper-

arousal in ASD relative to a comparison group to mutual

and averted gaze, and other studies have found no group

differences in physiological arousal to mutual gaze be-

tween ASD and non-ASD comparison groups (Kylliäinen

et al. 2012; Kylliäinen and Hietanen 2006; Louwerse

et al. 2013). Taken together, both the findings of reac-

tivity to mutual gaze and the mechanisms for reduced

mutual gaze in ASD remain unclear.

One potential explanation for the contradictory findings

is differences in age and/or IQ across studies. However, as
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shown in Table 1, most studies to date have used high-

functioning older children–adolescent samples, so these do

not appear to map onto the discrepant findings in the

literature to date. As differences in physiological reactivity

to facial expressions shown live versus on video have been

documented (Riby et al. 2012), similar differences across

Table 1 Summary of studies on mutual versus averted eye gaze/shut eyes measuring visual attention and/or reactivity in autism

Study (least to

most recent)

Age of ASD

group (range,

or if not

provided, M)

Functioning

level

Findings: duration of visual

attention

(VA)/physiological

reactivity (PR)

Other findings:

correlations with

autism symptoms? If

not reported, other?

VA within

group: Look

more

to mutual

(vs. averted

gaze)?

PR between group:

In, ASD, hyper-

arousal to mutual

gaze, hypo-arousal

or no difference

(ND)?

Kylliäinen and

Hietanen

(2006)

6–16 years HF PR: SCRs of ASD

mutual[ averted, TD

mutual = averted.

ASD = TD (across

conditions)

ASD = TD on

behavioural

judgement of eye

gaze direction

– ND

Joseph et al.

(2008)

9–16 years HF PR: SCRs of ASD[TD on

mutual and averted. For

ASD and TD,

averted = mutual

In ASD (not TD), face

recognition accuracy

related to SCRs to

mutual gaze

– Hyper (but also for

averted eyes)

Vivanti et al.

(2011)—

Study 4

10–16 years HF VA: ASD and TD

mutual[ averted

Propensity to imitate

in ASD not

influenced by mutual

gaze as is in TD

TD: Yes

ASD: Yes

–

Kaartinen

et al. (2012)

8–16 years HF VA: ASD = TD and for

ASD and TD,

mutual = averted = eyes

closed

PR: SCRs of TD[ASD

across conditions

In ASD, social

impairments

correlated with

proportion of higher

SCRS to mutual

versus averted/eyes

closed conditions

TD: No

ASD: No

Hypo (but also for

averted and

closed eyes)

Kylliäinen

et al. (2012)

10–14 years HF PR: SCRs of TD on eyes

wide open = eyes

open = eyes shut, but for

ASD, eyes wide

open[ eyes open[ eyes

shut. TD[ASD on eyes

shut, but TD = ASD on

eyes open and wide open

For both groups

familiar

faces[ unfamiliar

faces (across eye

gaze conditions)

– ND

Louwerse

et al. (2013)

12–19 years HF PR: On HR and SCRs

TD = ASD for mutual,

averted and closed eyes.

On HR, for both groups,

closed[mutual eyes

On subjective ratings

of arousal,

ASD = TD across

eye gaze conditions

TD: Yes

ASD: Yes

ND (HR and

SCRs)

Stagg et al.

(2013)

M = 9 years HF: 2 groups, 1

with a history

of language

delay (HF–

LD), 1 with

normal

language onset

(HF–LN)

PR: SCRs across groups,

mutual[ eyes closed

(averted = mutual,

averted = closed).

TD = HF–LN[HF–LD

(across conditions)

SCRs in ASD (HF

groups collapsed)

positively related to

attention to gaze

during infancy and

verbal mental age

– Hypo (HF–LD

only, not HF–

LN)

Vivanti and

Dissanayake

(2014)

28–72 months LF and HF VA: ASD\TD/DD

controls on mutual,

ASD = TD/DD controls

on averted

Propensity to imitate

in ASD not

influenced by mutual

gaze as is in TD

TD/DD:

Yes

ASD: No

–

ASD Autism Spectrum Disorder group, DD developmentally delayed group, LF low functioning, HF high functioning, HR heart rate, M mean,

NR not reported, ND no group difference, PR physiological reactivity, SCR skin conductance response, TD typically-developing group, VA visual

attention
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stimuli presentation may be expected for eye gaze stimuli

and could also contribute to the variability in findings

presented above.

Another explanation for the discrepant findings re-

viewed above is that it is not ASD per se that produces

atypical mutual gaze reactivity, but rather the internal-

ising symptoms/syndromes, such as anxiety or depres-

sion (Achenbach 1966; Achenbach and McConaughy

1992), which are common in ASD (Kim et al. 2000;

Mazefsky et al. 2008, 2010; White et al. 2009) that ac-

count for the atypicality of gaze. Indeed, people with

anxiety-related disorders have been found to have

heightened physiological responses to mutual eye contact

(Wieser et al. 2009), and they tend to avoid or fear

mutual eye contact (Roelofs et al. 2010; Schulze et al.

2013). Internalising symptoms, such as anxiety are so

prevalent in ASD that Mazefsky and colleagues have

argued that a higher risk for anxiety is intrinsic to the

disorder, stemming from commonly co-occurring emo-

tion regulation impairments (Mazefsky et al. 2012, 2013;

Mazefsky and Herrington 2014; White et al. 2014). In-

deed Corden et al. (2008) found that reduced visual at-

tention to the eyes in adults with ASD was related their

levels of social anxiety (however, the study did not ex-

amine response to mutual vs. non-mutual gaze). Never-

theless, it remains unknown if atypical emotion arousal

to mutual gaze in ASD relates to internalising symptoms

in affected individuals.

Emotional Arousal to Mutual Gaze in Familiar

People

As people typically feel less anxious around familiar peo-

ple than strangers (Stephan and Stephan 1985), an impor-

tant research question is whether children with ASD have

more normative physiological responses to mutual gaze

from familiar versus unfamiliar people. Nuske et al.

(2014a) found that typically-developing (TD) children

have greater pupil dilation (increased emotional arousal) to

emotional facial expressions in unfamiliar people com-

pared to familiar people, but this was not the case for

children with ASD. Conversely, in the only published study

that has measured emotional arousal to mutual versus

averted gaze in familiar and unfamiliar people, Kylliäinen

et al. (2012) found that both children with ASD and TD

children had greater SCRs to familiar compared to unfa-

miliar people. Therefore, not only is more research needed

to determine whether people with ASD have atypical

emotional arousal to mutual gaze, but also more research is

needed to determine whether this arousal is affected by

person familiarity.

The Current Study

Our main aim was to determine whether young children

with ASD show gaze aversion and/or abnormalities in

emotional arousal to mutual eye gaze, by measuring visual

attention and pupillary reactions using eye-tracking tech-

nology to mutual versus averted gaze in familiar and un-

familiar persons. In this study physiological reactivity to

mutual versus averted gaze was measured in a sample of

mixed-ability children with ASD. To our knowledge this is

the first study to examine relationships between mutual

gaze reactivity and internalising symptoms in ASD.

We employed eye-tracking pupillometry as it has nu-

merous advantages. First, pupillary responses have been

shown to be a reliable marker of emotional arousal

(Bradley et al. 2008; Partala and Surakka 2003), and is well

established to be functionally linked to the amygdala

(Applegate et al. 1983; Graur and Siegle 2013; Urry et al.

2006; Ursin and Kaada 1960; Zbrozyna 1963). Second,

whilst movement-related artefacts are common in neuro-

physiological and physiological data (Patriquin et al. 2013;

Tyszka et al. 2013), advanced eye-tracking systems are less

prone to this type of artefact (explained further in sec-

tion ‘‘Apparatus’’). This issue is particularly relevant to the

study of young children with and without ASD, as they

often have difficulty staying still and following instruc-

tions. Third, eye-tracking pupillometry is non-invasive, and

thus circumvents issues surrounding the application of

electrodes for measuring ERPs, SCRs or heart-rate which

may in itself cause elevated arousal in individuals with

ASDs who commonly present with tactile sensitivities

(Marco et al. 2011). Fourth, the above-mentioned decrease

in movement-related artefacts and the non-invasiveness of

this technology together make it well-suited for use with

lower functioning children with ASD, who are too often

excluded from such research (Vivanti et al. 2013).

We had four main hypotheses. First, based on the gaze

aversion theory we expected that, relative to the compar-

ison group, the children with ASD would look less to the

eye region during mutual gaze and, second, have hyper-

arousal to mutual gaze (greater pupil dilation). Third, fol-

lowing the initial findings of Corden et al. (2008), we ex-

pected an association between less visual attention to eye

region and more internalising symptoms in the ASD group.

Fourth, based on the theoretical model outlined by

Mazefsky and colleagues, (Mazefsky et al. 2012, 2013;

Mazefsky and Herrington 2014; White et al. 2014), we

predicted that emotional arousal to mutual gaze in ASD, a

potential measure of emotional dysregulation, would relate

to internalising symptoms in this group. Based on the

findings presented above, we also expected that children in

the TD group would look more and have increased pupil
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dilation to mutual gaze relative to averted gaze, and greater

pupil dilation to unfamiliar compared to familiar people.

Method

Participants

Twenty-seven children with ASD and 21 TD children, aged

2–5 years, participated in the study. However, four chil-

dren in the ASD group were excluded as they looked for

\10 % of the duration of the face stimulus in one or more

of the conditions, resulting in a total of 23 children in the

ASD group. Participant characteristics are presented in

Table 2. Both groups were recruited through the same

community childcare centre offering services for children

with ASD and TD children. The Mullen Scales of Early

Learning (MSEL; Mullen 1995) were administered to all

participants to measure cognitive ability. As expected, the

ASD group were lower in cognitive ability than the TD

group, so cognitive ability was entered as a covariate in the

analyses. Following the recommendations of Dykens and

Lense (2011), our group of children with ASD included

both children who were low- and high-functioning (65.2 %

low-functioning, 34.8 % high-functioning, using the cut-

off standard score of 70; Minshew et al. 1995).

Clinic-based diagnoses of the children with ASD were

confirmed using the Autism Diagnostic Observation

Schedule (Lord et al. 1999), by clinicians certified for re-

search purposes on the administration and coding of the

ADOS, with 15 children meeting criteria for Autistic

Disorder and 8 meeting criteria for ASD; Calibrated

Severity Scores (CSS) were used (Gotham et al. 2007). One

participant was taking methylphenidate at the time of

testing. However, as this participant was not an outlier on

any dependent variable, and given that results remained

unchanged with the exclusion of his data, he was retained

in the sample. All participants, including TD controls, were

free from any other medical conditions, and had no visual,

hearing or motor impairments. The research was approved

by the La Trobe University Human Ethics Committee.

Apparatus

A Tobii 120 binocular eye tracker and Tobii Studio soft-

ware (version 3.0.3 Tobii, Stockholm, Sweden) were used

to present stimuli and record visual attention and pupil

diameter. This system presents stimuli on a computer-like

monitor and does not require any equipment to be fastened

onto the participant. Using multiple sensors, with bright

and dark pupil tracking, a 3D model of the pupil, taking

into account optical distortions from the cornea and lens, is

built, allowing for both pupil diameter and distance from

the screen to be measured at a sampling rate of 60 Hz (one

sample every 16.67 ms). With this tracking technique,

movement-related artefacts are handled in two ways.

Firstly, as pupil size is a function of distance from the

screen (of participant’s head to the monitor), the effect of

head movements perpendicular to the monitor are

eliminated from the measure of pupil diameter on a sam-

ple-to-sample basis, using basic principles of trigonometry.

Secondly, other head movements (i.e., those parallel to the

monitor) are accurately tracked up to 25 cm/s. The eye-

tracking monitor (TFT-LCD; W: 34 cm 9 H: 27 cm) had a

refresh rate of 60 Hz. Brightness was set to 100 %.

Materials

Video Filming

Continuous videos were taken of adults who were familiar

and unfamiliar to the children, first looking out to the side

of the camera (for the averted gaze condition) and then

looking directly at the camera (for the mutual gaze con-

dition), and vice versa. To standardise the averted and

mutual gaze frame length across the videos, we digitally

Table 2 Participant

characteristics
ASD group (N = 23) TD group (N = 21) Comparison coefficients

Age in years: M (SD) 4.05 (1.01) 4.27 (0.60) t(42) = .85, p = .40

Gender: M, F 19, 4 18, 3 v2 = .08, p = .78

MSEL, SSa: M (SD) 68.48 (22.47) 100.29 (16.41) t(42) = 5.32, p\ .001

ADOS-2, C-SevScb: M (SD) 6.52 (2.76) – –

ADOS-2, C-SAc: M (SD) 11.83 (5.08) – –

ADOS-2, C-RRBd: M (SD) 4.22 (2.39) – –

VABS-II, Internalisinge 20.68 (1.84) – –

a Mullen Scales of Early Learning standard score (Early Learning Composite), Autism Diagnostic Ob-

servation Schedule-2: b Calibrated Severity Score, c Calibrated Social Affect Score, d Calibrated Restricted

and Repetitive Behaviours Score, e Vineland Adaptive Behaviour Scales, second edition-Internalising sub-

scale score
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edited these to be displayed for exactly 4 s each using

iMovie HD 6.0.3 (Apple Computer Inc., Cupertino, CA,

USA). Twelve videos in total were taken for each child:

three familiar people and three unfamiliar people were in

two videos each, i.e., six videos were shown for each fa-

miliarity condition, for each child. For the children with

ASD, the familiar people were their intervention therapists

and centre staff within their childcare playroom, and for the

TD children the familiar people comprised the staff within

their childcare playroom. The criterion that was set to en-

sure the childcare staff were familiar to the child par-

ticipants was that the children had to be enrolled for a

minimum of 3 months in the childcare centre.

Video Preparation

As different colours emit different levels of luminosity, the

selected videos were first converted to grey scale so that

pupil size would not be affected. Also, as the videos were

not the same luminosity across participants, the videos

were matched on luminosity by analysis of the first still

frame of the videos, per familiarity condition and group,

using Adobe Photoshop 8.0 (Adobe Systems, San Jose, CA,

USA). There were no significant differences in luminosity

of familiar and unfamiliar stimuli, and between the stimuli

for each group (all p[ .55). A scrambled image was cre-

ated from the averted gaze still frame for each video and

was also matched on luminosity to this still frame, which

served as a buffer for the pupillary light reflex, to ensure

that changes in pupil size captured during the presentation

of the first gaze image in the videos were not due to pre-

stimulus to stimulus luminosity changes. Using iMovie HD

6.0.3 (Apple Computer Inc., Cupertino, CA, USA), the

videos were adjusted so that the averted and mutual gaze

frames were each shown for 4 s in each video, to stan-

dardise the presentation duration of each gaze frame across

the videos (see Fig. 1).

Parent-Report of Internalising Symptoms

The Vineland Adaptive Behaviour Scales, second edition

(VABS-II; Sparrow et al. 2005) was completed by the

parents of children with ASD to measure internalising

symptoms, including anxiety, depressive and withdrawal-

type behaviours. The VABS-II internalising scale was not

administered to the TD group, as our research question

regarding this scale was only relevant for the ASD group.

Procedure

Testing took place in a well-lit room of the community

childcare centre which had no external light. Ambient lu-

minosity was checked prior to each testing session, using a

handheld photometer (model PLMX, Quantam Instru-

ments). Ambient luminosity did not differ during testing

between the ASD and TD groups, t(36) = -.09, p = .93.

The children were seated in a comfortable chair, ap-

proximately 60 cm (36.46� visual angle) from the eye-

tracking monitor. The experimenter first calibrated the

children’s eye movements with the built-in five point Tobii

Studio calibration procedure. Following this, each child

passively viewed the videos which were counter-balanced

for stimuli order and interspersed between the presentation

of ‘filler’ stimuli to maintain attention (Janisse 1977).

Data Reduction

Pupil data, preprocessed to be free of movement-artefacts

(see section ‘‘Apparatus’’), were further processed with a

custom-built LabVIEW 2010 (National Instruments, Aus-

tin, TX, USA) algorithm (Beaton, unpublished), based on

previously published methodology (e.g., Farzin et al. 2009;

Hepach et al. 2012). First, samples for which only one eye

was tracked were eliminated, to minimise pupil size mis-

calculation due to head angle or ambient light exposure.

Where both eyes were tracked, a mean pupil diameter

across eyes was computed. Second, to remove extreme

sample-to-sample changes in pupil diameter due to partial

eyelid closures, which are common in samples either side

of missing data due to blinks, samples outside 2 9 stan-

dard deviations of the mean rate of change, calculated for

each participant, were removed. Third, gaps in data, due to

blinks, were only linearly interpolated between stable data

points (traces), to a maximum of 350 ms (Chau and Betke

2005; Martineau et al. 2011). A trace was deemed stable if

there were a minimum of 50 % of the samples in 2 9 total

length of the gap, pre- and post-gap. This method allowed

for a differential threshold for linear interpolation, based on

gap length and the reliability of the pre/post gap data. Fi-

nally, a standardised pupillary response variable was

computed from the data, controlling for a baseline response

to the scrambled face image. The following formula was

used:

a ¼ b�cð Þ=c� 100

where a = percentage change from scrambled to face im-

age, b = mean pupil diameter during the face image gaze

condition and c = mean pupil diameter during the scram-

bled image, averaged across trials, per participant. Four

standardised pupil percentage change variables were cal-

culated: familiar mutual, familiar averted, unfamiliar mu-

tual and unfamiliar averted. For brevity, these will be

referred to as ‘pupil dilation’ (PD), for each of the four

conditions, as follows: PD-Familiar Mutual, PD-Familiar

Averted, PD-Unfamiliar Mutual and PD-Unfamiliar

Averted.
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Visual attention data (fixation counts) were extracted

from Tobii Studio using a fixation filter (I-VT), using the

default pre-sets (maximum gap length: 75 ms, window

length: 20 ms, velocity threshold: 30�/s, maximum time

between fixations: 75 ms, maximum angle between fixa-

tions: 0.5�), with the exception that the minimum fixation

duration for the fixation counts was set to 100 ms. This

minimum fixation duration was chosen as eye-tracking data

of 100 ms or more are not only more reliable than data

tracked for shorter durations (Komogortsev et al. 2010), but

are also considered to be a reliable index of what elements

in a scene are actually captured and processed (Poole and

Ball 2006). To examine visual attention to the eye region of

faces, eye areas of interest (AOIs) were created on the

facial stimuli (see Fig. 2).

Statistical Analysis

Data were first analysed for skewness, kurtosis and outliers.

As data were normally distributed, parametric tests were

used in all analyses. To test our four main hypotheses

stated above we conducted two repeated measures (RM)

ANOVAs and ran two Pearson correlation analyses.

First, to test whether the children with ASD showed

gaze aversion to the eye region of faces compared to the

TD children, a 3-way RM ANCOVA was conducted on

fixation counts (2 Groups 9 2 Familiarity Levels 9 2

Gaze Directions), controlling for overall fixation counts

to the whole screen (averaged across the four conditions)

as the ASD group looked for a shorter duration across

the four conditions (all Independent Samples t test

ps\ .025; TD group M = 37.988, SD = 13.402; ASD

group M = 27.380, SD = 8.448). Moreover, the effect

of the whole-screen fixation counts covariate was sig-

nificant, F(1,41) = 9.775, p = .003, g2 = .193. Second,

to determine whether the children with ASD had hyper-

arousal to mutual versus averted gaze of familiar/unfa-

miliar people, as compared to the TD children, a 3-way

RM ANOVA (2 Groups 9 2 Familiarity Levels 9 2

Gaze Directions) was conducted on pupil dilation

percentages.

To decide whether cognitive ability should be entered as

a covariate in the RM ANOVAs, we checked whether

cognitive ability (Mullen standard score) was correlated with

visual attention (fixation counts) or pupil dilation in the two

groups, in each of the familiarity and eye gaze conditions, by

Fig. 1 Video stimuli. The

scrambled image was shown

first, for 1 s, followed by the

averted gaze video frame

(digitally edited to 4 s) and then

the mutual gaze video frame

(digitally edited to 4 s). The

starting order of the averted and

mutual gaze frames was

counterbalanced in the testing

block within participant groups

Fig. 2 Eye areas of interest (AOIs)
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computing Pearson correlations between these variables. For

both groups, cognitive ability was not related to visual at-

tention (r range = -.186–.280, p range = .195–.853), nor

to pupil dilation (r range = -.138–.283, p range = .213–

.983). Furthermore, taking a conservative approach, we

initially ran the two RM ANOVAs (described above) as RM

ANCOVAs, controlling for cognitive ability. For both the

RM ANCOVA on visual attention and pupil dilation, the

effect of the cognitive ability covariate was non-significant

[F(1,41) = .931, p = .340, g2 = .022 and F(1,40) = .006,

p = .937, g2\ .001, respectively]. Therefore the analyses

reported below were run without this covariate.

As reacting emotionally to the stimuli presented is

necessarily related to visually attending to the stimuli, to

determine whether visual attention needed to be partialled

out of the analyses for the pupil dilation RM ANOVA, we

also initially ran a series of Pearson correlations between

fixation counts and the pupil dilation variables. Although

visual attention was not related to pupil dilation in the TD

group (r range = .209–.335, p range = .137–.363), in the

ASD group visual attention was significantly related to

each of the pupil dilation conditions (familiar averted:

r = .509, p = .013, familiar mutual: r = .561, p = .005,

unfamiliar averted: r = .471, p = .023 and unfamiliar

mutual: r = .471, p = .023). Moreover, the effect of the

visual attention covariate was significant, F(1,41) = 8.950,

p = .005, g2 = .179; thus we retained this covariate in the

analysis.

Third, the relationship between internalising symptoms

(VABS-II Internalising Scale) and visual attention (fixa-

tion counts to the eye AOI), for each of the familiarity and

eye gaze conditions was computed with a Pearson corre-

lation analysis. Fourth, the association between internal-

ising symptoms and pupil dilation to mutual versus

averted gaze for each of the familiarity and eye gaze

conditions was computed with another Pearson correla-

tion analysis.

Results

Between-Group and Within-Group Effects

Visual Attention

Though there was a trend toward both groups looking for

more time at the averted versus mutual gaze, across fa-

miliarity conditions, the main effect of Gaze Direction was

not significant, F(1,41) = 3.908, p = .055, g2 = .087.

Adjusted means are shown in Fig. 3, taking into account

overall attention to whole screen. Like wise, the other main

effects and interaction effects were not significant

(p range = .140–.995).

Pupil Dilation

The main effect of Gaze Direction was significant,

F(1,41) = 4.511, p = .040, g2 = .099, showing that both

groups dilated their pupils more to mutual than averted eye

gaze, across the familiarity conditions. The Group x Famil-

iarity interaction effect was also significant, F(1,41) =

14.605, p\ .001, g2 = .263. Between-group pairwise com-

parisons showed no group differences on the familiar or un-

familiar conditions, across gaze directions (ps[ .200).

However, within-group pairwise comparisons showed more

pupil dilation to unfamiliar compared to familiar faces in the

ASD group (p\ .001, g2 = .367). The TD group did not

Fig. 3 Visual attention (fixation counts) to the eye area of interest

(AOI) is shown above, by group, averaged across familiarity

conditions (adjusted means, taking into account overall attention to

whole screen). No main effects or interaction effects were significant

(p[ .05). Error bars represent standard error of the mean

Fig. 4 Mean percentage change in pupil diameter from scrambled to

face image, with averted versus mutual eyes, by group and familiarity

condition (adjusted means). Error bars represent standard error of the

mean
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show this difference (p = .434, g2 = .015). Adjusted means

are presented in Figs. 4 and 5. No other main effects or in-

teraction effects were significant.

Individual Differences Analyses

Is less visual attention to mutual gaze related to more in-

ternalising symptoms in ASD? There were no significant

correlations between visual attention and internalising

symptoms (r range = -.110–.281, p range = .103–.313).

Is emotional arousal to mutual gaze related to inter-

nalising symptoms in ASD? Correlations showed that

greater pupil dilation to unfamiliar people and marginally

also to familiar people with mutual eye gaze correlating

with less internalising symptoms (r = -.377, p = .042

and r = -.301, p = .087, respectively). For unfamiliar

people with averted gaze, no significant correlation of pupil

dilation with internalising symptoms was found

(r = -.273, p = .109), which suggests that for unfamiliar

people this relationship is specific to mutual eye gaze.

However, for familiar people, the same direction and

strength of correlation was also found in the averted gaze

condition (r = -.362, p = .049). This pattern of results

suggests less internalising symptoms in ASD is related to a

greater response to familiar people, rather than to their eye

gaze direction.

Discussion

Our main objective was to determine whether gaze aver-

sion and/or abnormalities in emotional arousal to mutual

eye gaze are present in young mixed-ability children with

ASD. We found no evidence of aversion to mutual gaze in

these children. Rather, when taking into account the chil-

dren’s general attention to the screen, there were no group

differences in attention to the averted or mutual gaze

stimuli. Moreover, we found no evidence of physiological

dysregulation in response to mutual gaze in this group;

children with ASD, like TD children, responded more (had

greater pupil dilation) to mutual versus averted gaze, irre-

spective of whether the person was familiar or unfamiliar.

There were also no between-group differences in pupil

dilation on any of the familiarity or gaze direction condi-

tions. This pattern of results speaks against the notion that

children with ASD have hyper-arousal in response to mu-

tual gaze as suggested in the gaze aversion hypothesis

(Bowman et al. 2004; Tanaka and Sung 2013). These

findings also suggest that children with ASD do not ex-

perience hypo-arousal during mutual gaze. This suggests

that reduced engagement in mutual gaze commonly seen in

ASD might not be explained by less physiological reac-

tivity to mutual gaze (Lord et al. 2000; Volkmar and Mayes

1990; Willemsen-Swinkels et al. 1998).

As mentioned above, pupil dilation is functionally

connected with amygdala activity (Applegate et al. 1983;

Graur and Siegle 2013; Urry et al. 2006; Ursin and Kaada

1960; Zbrozyna 1963). Some neuroimaging and neuro-

physiological studies have found atypical (hyper- and hy-

po-) responsiveness in cortical brain regions in ASD whilst

participants watched mutual gaze stimuli (Davies et al.

2011; Elsabbagh et al. 2012; Georgescu et al. 2013; Pel-

phrey et al. 2005; Pitskel et al. 2011; Senju et al. 2005) and

have indicated that mutual gaze has a specific role in

strengthening functional connectivity between the amyg-

dala and other cortical processing areas involved in social

information processing (George et al. 2001; Kleinhans

et al. 2008; Von dem Hagen et al. 2014). It is therefore

possible that our finding of no difference in pupil dilation

may be understood in terms of a normative emotional

arousal response to mutual gaze in ASD, in the presence of

possible reduced activity in cortical social information

processing areas. However, our study was not equipped to

directly test this hypothesis. In keeping with this sugges-

tion, a recent study by von dem Hagen et al. (2014) found

reduced functional connectivity between the amygdala and

the medial prefrontal cortex, temporoparietal junction and

the posterior superior temporal sulcus region during mutual

gaze processing in adults with ASD.

We also examined individual differences within the

ASD group in gaze reactivity and internalising symptoms.

We found that more pupil dilation to mutual gaze and

averted gaze in familiar people and more pupil dilation to

mutual gaze in unfamiliar people was related to less in-

ternalising symptoms in the ASD. This pattern of findings

also speaks against the notion of the gaze aversion hy-

pothesis, as the ‘more typical’ response to mutual gaze in

Fig. 5 Mean percentage change from scrambled to face image, with

averted versus mutual eyes, by group, across familiarity conditions

(adjusted means). Error bars represent standard error of the mean
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terms of less mental health difficulties is a larger, rather

than a reduced response. The pattern of findings also sug-

gests that less internalising symptoms in ASD is associated

with a greater response to familiar people, rather than to

their eye gaze direction, which is indicative of the pro-

tective nature of human relationships, but this point re-

quires further investigation.

Although the TD children were expected to have greater

pupil dilation to unfamiliar compared to familiar people

based on previous findings (Nuske et al. 2014a; Stephan

and Stephan 1985), we did not confirm this hypothesis. The

children with ASD, however, did show greater pupil dila-

tion to unfamiliar people than familiar people, across gaze

conditions, which is consistent with the idea that unfamiliar

people create more anxiety than familiar people in some

groups of people (Stephan and Stephan 1985). However,

this finding is not consistent with previous data of larger

SCRs in ASD and TD children to familiar compared to

unfamiliar people (Kylliäinen et al. 2012). Thus further

work on this issue is needed to clarify these inconsistent

findings. A related issue which is yet to be explored in the

literature is whether children with ASD have typical re-

sponses to their same-age peers. In the current study, the

familiar people in the videos were adults, therefore we

cannot rule out the possibility that children with ASD may

have atypical response to mutual gaze from their same-age

peers. Future research should aim to include different

groups of familiar people who differ on interpersonal

closeness (e.g., same-age peers vs. family members) to

further understand this issue.

As most of the studies on attention and response to

mutual gaze in ASD have included both older children and

adolescents, it is not yet understood if important develop-

mental changes occur in these skills within this age range

or throughout the lifespan from infancy to adulthood. For

example, findings from the current and previous studies

cannot rule out the possibility that adolescents or adults

with ASD may have atypical attention and physiological

response to mutual gaze. Therefore future studies should

aim to compare attention and response to mutual gaze

across different age groups. Moreover, the current findings

did not investigate other potential causal factors for the

clinical phenomenon of reduced engagement in mutual

gaze, such as the perception of eye gaze cues and moti-

vational saliency of engagement in mutual gaze in ASD.

Thus, future work should aim to investigate these factors.

Limitations

Firstly, whilst the inclusion of an age-matched TD group

afforded an understanding of normative reactivity to mu-

tual and averted gaze in familiar and unfamiliar people, the

TD and ASD groups were not matched on cognitive ability.

The inclusion of a chronological- and mental-age matched

group would have been ideal, and further research should

seek to incorporate such a control group. Nonetheless, it

should be noted that cognitive ability was not a significant

covariate in either RM ANCOVA.

Secondly, following the recommendations of Nakagawa

(2004) and Perneger (1998), due to our small sample sizes,

we did not correct for multiple correlations as we wanted to

avoid inflating the probability of Type-II errors. Never-

theless, this must be taken into account when considering

the correlations reported herein.

Thirdly, whilst use of the Internalizing scale of the

Vineland Adaptive Behavior Scales afforded a crude in-

vestigation of the relationship between internalising

symptoms and attention to and response to mutual gaze,

more sensitive measures of internalising symptoms are

available and should therefore be included in future re-

search in this area.

Conclusions

The pattern of results from the current study suggests that

the response of children with ASD to mutual gaze is not

dysregulated. Rather they respond more to mutual versus

averted gaze just like TD children. Likewise, they do not

avert their gaze in response to direct eye gaze. These

findings contradict the notion that children with ASD ex-

perience mutual gaze as aversive.
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Kylliäinen, A., Wallace, S., Coutanche, M. N., Leppänen, J. M.,

Cusack, J., Bailey, A. J., & Hietanen, J. K. (2012). Affective–

motivational brain responses to direct gaze in children with

autism spectrum disorder. Journal of Child Psychology and

Psychiatry, 53(7), 790–797.

Lord, C., Cook, E. H., Leventhal, B. L., & Amaral, D. G. (2000).

Autism spectrum disorders. Neuron, 28(2), 355–363. doi:10.

1016/S0896-6273(00)00115-X.

Lord, C., Rutter, M., DiLavore, P. C., & Risi, S. (1999). Autism

diagnostic observation schedule-WPS (ADOS-WPS). Los Ange-

les, CA: Western Psychological Services.

Lord, C., Rutter, M., DiLavore, P. C., Risi, S., Gotham, K., & Bishop,

S. (2012). Autism diagnostic observation schedule: ADOS-2.

Torrance: Western Psychological Services.

Louwerse, A., van der Geest, J. N., Tulen, J. H. M., van der Ende, J.,

Van Gool, A. R., Verhulst, F. C., & Greaves-Lord, K. (2013).

Effects of eye gaze directions of facial images on looking

behaviour and autonomic responses in adolescents with autism

spectrum disorders. Research in Autism Spectrum Disorders,

7(9), 1043–1053.

Marco, E. J., Hinkley, L. B. N., Hill, S. S., & Nagarajan, S. S. (2011).

Sensory processing in autism: A review of neurophysiologic

findings. Pediatric Research, 69(5), 48–54. doi:10.1203/PDR.

0b013e3182130c54.

Martineau, J., Hernandez, N., Hiebel, L., Roché, L., Metzger, A., &

Bonnet-Brilhault, F. (2011). Can pupil size and pupil responses

during visual scanning contribute to the diagnosis of autism

spectrum disorder in children? Journal of Psychiatric Research,

45(8), 1077–1082.

Mazefsky, C. A., Conner, C. M., & Oswald, D. P. (2010). Association

between depression and anxiety in high-functioning children

with autism spectrum disorders and maternal mood symptoms.

Autism Research, 3(3), 120–127. doi:10.1002/aur.133.

Mazefsky, C. A., Folstein, S. E., & Lainhart, J. E. (2008).

Overrepresentation of mood and anxiety disorders in adults with

autism and their first-degree relatives: What does it mean?

Autism Research, 1(3), 193–197.

Mazefsky, C. A., & Herrington, J. (2014). Autism and anxiety:

Etiologic factors and transdiagnostic processes. In T. E. Davis

III, S. W. White, & T. H. Ollendick (Eds.), Handbook of autism

and anxiety (pp. 91–103). Berlin: Springer. doi:10.1007/978-3-

319-06796-4_7.

Mazefsky, C. A., Herrington, J., Siegel, M., Scarpa, A., Maddox, B.

B., Scahill, L., & White, S. W. (2013). The role of emotion

regulation in autism spectrum disorder. Journal of the American

Academy of Child and Adolescent Psychiatry, 52(7), 679–688.

doi:10.1016/j.jaac.2013.05.006.

Mazefsky, C. A., Pelphrey, K. A., & Dahl, R. E. (2012). The need for

a broader approach to emotion regulation research in autism.

Child Development Perspectives, 6(1), 92–97. doi:10.1111/j.

1750-8606.2011.00229.x.

Mazur, A., Rosa, E., Faupel, M., Heller, J., Leen, R., & Thurman, B.

(1980). Physiological aspects of communication via mutual gaze.

The American Journal of Sociology, 86(1), 50–74.

McBride, G., King, M. G., & James, J. W. (1965). Social proximity

effects on galvanic skin responses in adult humans. Journal of

Psychology: Interdisciplinary and Applied.

Minshew, N. J., Goldstein, G., & Siegel, D. J. (1995). Speech and

language in high-functioning autistic individuals. Neuropsy-

chology, 9(2), 255–261. doi:10.1037/0894-4105.9.2.255.

Nakagawa, S. (2004). A farewell to Bonferroni: The problems of low

statistical power and publication bias. Behavioral Ecology,

15(6), 1044–1045.

Mullen, E. M. (1995). Mullen scales of early learning. Circle Pines,

MN: American Guidance Service

Nichols, K. A., & Champness, B. G. (1971). Eye gaze and the GSR.

Journal of Experimental Social Psychology, 7(6), 623–626.

Nielsen, G. S. (1962). Studies in self confrontation: Viewing a sound

motion picture of self and another person in a stressful dyadic

interaction. Copenhagen.

Nuske, H. J., Vivanti, G., & Dissanayake, C. (2014a). Reactivity to

fearful expressions of familiar and unfamiliar people in children

with autism: An eye-tracking pupillometry study. Journal of

Neurodevelopmental Disorders. doi:10.1186/1866-1955-6-14.

Nuske, H. J., Vivanti, G., Hudry, K., & Dissanayake, C. (2014b).

Pupillometry reveals reduced unconscious emotional reactivity

in autism. Biological Psychology, 101, 24–35. doi:10.1016/j.

biopsycho.2014.07.003.

Partala, T., & Surakka, V. (2003). Pupil size variation as an indication

of affective processing. International Journal of Human–Com-

puter Studies, 59(1), 185–198.

Patriquin, M. A., Scarpa, A., Friedman, B. H., & Porges, S. W. (2013).

Respiratory sinus arrhythmia: A marker for positive social

functioning and receptive language skills in children with autism

spectrum disorders. Developmental Psychobiology, 55(2), 101–112.

Pelphrey, K. A., Morris, J. P., & McCarthy, G. (2005). Neural basis of

eye gaze processing deficits in autism. Brain, 128(5), 1038.

Perneger, T. V. (1998). What’s wrong with Bonferroni adjustments.

British Medical Journal, 316(7139), 1236.

Pitskel, N. B., Bolling, D. Z., Hudac, C. M., Lantz, S. D., Minshew,

N. J., Vander Wyk, B. C., & Pelphrey, K. A. (2011). Brain

mechanisms for processing direct and averted gaze in individuals

with autism. Journal of Autism and Developmental Disorders,

41(12), 1686–1693. doi:10.1007/s10803-011-1197-x.

Poole, A., & Ball, L. J. (2006). Eye tracking in human–computer

interaction and usability research: Current status and future

prospects. In C. Ghaoui (Ed.), Encyclopedia of human–computer

interaction (pp. 211–219). Hershey, PA: Idea Group. Retrieved

from http://books.google.com.au/books?hl=en&lr=&id=h9iZh_

I1YREC&oi=fnd&pg=PA211&dq=%22Eye?tracking?in?hu

man-computer?interaction?and?usability?research%22&ots=

k89h3Bbr17&sig=raG40Gl0ejMHX9k6cIetsKgcwIE

Riby, D. M., Whittle, L., & Doherty-Sneddon, G. (2012). Physio-

logical reactivity to faces via live and video-mediated commu-

nication in typical and atypical development. Journal of Clinical

and Experimental Neuropsychology. doi:10.1080/13803395.

2011.645019.

3444 J Autism Dev Disord (2015) 45:3433–3445

123

http://dx.doi.org/10.1523/JNEUROSCI.5294-11.2012
http://dx.doi.org/10.1016/S0896-6273(00)00115-X
http://dx.doi.org/10.1016/S0896-6273(00)00115-X
http://dx.doi.org/10.1203/PDR.0b013e3182130c54
http://dx.doi.org/10.1203/PDR.0b013e3182130c54
http://dx.doi.org/10.1002/aur.133
http://dx.doi.org/10.1007/978-3-319-06796-4_7
http://dx.doi.org/10.1007/978-3-319-06796-4_7
http://dx.doi.org/10.1016/j.jaac.2013.05.006
http://dx.doi.org/10.1111/j.1750-8606.2011.00229.x
http://dx.doi.org/10.1111/j.1750-8606.2011.00229.x
http://dx.doi.org/10.1037/0894-4105.9.2.255
http://dx.doi.org/10.1186/1866-1955-6-14
http://dx.doi.org/10.1016/j.biopsycho.2014.07.003
http://dx.doi.org/10.1016/j.biopsycho.2014.07.003
http://dx.doi.org/10.1007/s10803-011-1197-x
http://books.google.com.au/books?hl=en&lr=&id=h9iZh_I1YREC&oi=fnd&pg=PA211&dq=%22Eye%2btracking%2bin%2bhuman-computer%2binteraction%2band%2busability%2bresearch%22&ots=k89h3Bbr17&sig=raG40Gl0ejMHX9k6cIetsKgcwIE
http://books.google.com.au/books?hl=en&lr=&id=h9iZh_I1YREC&oi=fnd&pg=PA211&dq=%22Eye%2btracking%2bin%2bhuman-computer%2binteraction%2band%2busability%2bresearch%22&ots=k89h3Bbr17&sig=raG40Gl0ejMHX9k6cIetsKgcwIE
http://books.google.com.au/books?hl=en&lr=&id=h9iZh_I1YREC&oi=fnd&pg=PA211&dq=%22Eye%2btracking%2bin%2bhuman-computer%2binteraction%2band%2busability%2bresearch%22&ots=k89h3Bbr17&sig=raG40Gl0ejMHX9k6cIetsKgcwIE
http://books.google.com.au/books?hl=en&lr=&id=h9iZh_I1YREC&oi=fnd&pg=PA211&dq=%22Eye%2btracking%2bin%2bhuman-computer%2binteraction%2band%2busability%2bresearch%22&ots=k89h3Bbr17&sig=raG40Gl0ejMHX9k6cIetsKgcwIE
http://dx.doi.org/10.1080/13803395.2011.645019
http://dx.doi.org/10.1080/13803395.2011.645019


Roelofs, K., Putman, P., Schouten, S., Lange, W.-G., Volman, I., &

Rinck, M. (2010). Gaze direction differentially affects avoidance

tendencies to happy and angry faces in socially anxious

individuals. Behaviour Research and Therapy, 48(4), 290–294.

doi:10.1016/j.brat.2009.11.008.

Schulze, L., Renneberg, B., & Lobmaier, J. S. (2013). Gaze

perception in social anxiety and social anxiety disorder. Fron-

tiers in Human Neuroscience. doi:10.3389/fnhum.2013.00872.

Senju, A., & Johnson, M. H. (2009a). Atypical eye contact in autism:

Models, mechanisms and development. Neuroscience and

Biobehavioral Reviews, 33(8), 1204–1214.

Senju, A., & Johnson, M. H. (2009b). The eye contact effect:

Mechanisms and development. Trends in Cognitive Sciences,

13(3), 127–134. doi:10.1016/j.tics.2008.11.009.

Senju, A., Tojo, Y., Yaguchi, K., & Hasegawa, T. (2005). Deviant

gaze processing in children with autism: An ERP study.

Neuropsychologia, 43(9), 1297–1306. doi:10.1016/j.neuropsy

chologia.2004.12.002.

Sparrow, S. S., Cicchetti, D. V., & Balla, D. A. (2005). Vineland

adaptive behavior scales: (Vineland II), Survey interview

form/caregiver rating form. Livonia, MN: Pearson Assessments.

Spezio, M. L., Adolphs, R., Hurley, R. S. E., & Piven, J. (2007).

Abnormal use of facial information in high-functioning autism.

Journal of Autism and Developmental Disorders, 37(5),

929–939.

Stagg, S. D., Davis, R., & Heaton, P. (2013). Associations between

language development and skin conductance responses to faces

and eye gaze in children with autism spectrum disorder. Journal

of Autism and Developmental Disorders, 1–9.

Stephan, W. G., & Stephan, C. W. (1985). Intergroup anxiety. Journal

of Social Issues, 41(3), 157–175. doi:10.1111/j.1540-4560.1985.

tb01134.x.

Stern, R. M., Ray, W. J., & Quigley, K. S. (2001). Psychophysio-

logical recording. Oxford University Press, USA. Retrieved

from http://books.google.com.au/books?hl=en&lr=&id=9Wmvz

rkZdv8C&oi=fnd&pg=PA1&dq=Psychophysiological?Recor

ding&ots=W26sTU0YZ2&sig=wFIBtrEoUctd7roNFHYS-xaym3g

Striano, T., Kopp, F., Grossmann, T., & Reid, V. M. (2006). Eye

contact influences neural processing of emotional expressions in

4-month-old infants. Social Cognitive and Affective Neuro-

science, 1(2), 87–94.

Tanaka, J. W., & Sung, A. (2013). The ‘eye avoidance’ hypothesis of

autism face processing. Journal of Autism and Developmental

Disorders. doi:10.1007/s10803-013-1976-7.

Tonge, B. J., Dissanayake, C., & Brereton, A. V. (1994). Autism: Fifty

years on from Kanner. Journal of Paediatrics and Child Health,

30(2), 102–107. doi:10.1111/j.1440-1754.1994.tb00590.x.

Tottenham, N., Hertzig, M. E., Gillespie-Lynch, K., Gilhooly, T.,

Millner, A. J., & Casey, B. J. (2013). Elevated amygdala

response to faces and gaze aversion in autism spectrum disorder.

Social Cognitive and Affective Neuroscience, nst050.

Tyszka, J. M., Kennedy, D. P., Paul, L. K., & Adolphs, R. (2013).

Largely typical patterns of resting-state functional connectivity

in high-functioning adults with autism. Cerebral Cortex.

Retrieved from http://cercor.oxfordjournals.org/content/early/

2013/02/20/cercor.bht040.short

Urry, H. L., Van Reekum, C. M., Johnstone, T., Kalin, N. H., Thurow,

M. E., Schaefer, H. S., et al. (2006). Amygdala and ventromedial

prefrontal cortex are inversely coupled during regulation of

negative affect and predict the diurnal pattern of cortisol

secretion among older adults. The Journal of Neuroscience,

26(16), 4415–4425.

Ursin, H., & Kaada, B. R. (1960). Functional localization within the

amygdaloid complex in the cat. Electroencephalography and

Clinical Neurophysiology, 12(1), 1–20.

Van der Geest, J. N., Kemner, C., Verbaten, M. N., & Van Engeland,

H. (2002). Gaze behavior of children with pervasive develop-

mental disorder toward human faces: A fixation time study.

Journal of Child Psychology and Psychiatry, 43(5), 669–678.

Vivanti, G., Barbaro, J., Hudry, K., Dissanayake, C., & Prior, M.

(2013). Intellectual development in autism spectrum disorders:

New insights from longitudinal studies. Frontiers in Human

Neuroscience, 7, 354.

Vivanti, G., & Dissanayake, C. (2014). Propensity to imitate in autism

is not modulated by the model’s gaze direction: An eye-tracking

study. Autism Research, 7(3), 392–399. doi:10.1002/aur.1376.

Vivanti, G., McCormick, C., Young, G. S., Abucayan, F., Hatt, N.,

Nadig, A., et al. (2011). Intact and impaired mechanisms of

action understanding in autism. Developmental Psychology,

47(3), 841–856.

Volkmar, F. R., & Mayes, L. C. (1990). Gaze behavior in autism.

Development and Psychopathology, 2(01), 61–69. doi:10.1017/

S0954579400000596.

Von dem Hagen, E. A. H., von dem Stoyanova, R. S., Rowe, J. B.,

Baron-Cohen, S., & Calder, A. J. (2014). Direct gaze elicits

atypical activation of the theory-of-mind network in autism

spectrum conditions. Cerebral Cortex, 24(6), 1485–1492. doi:10.

1093/cercor/bht003.

White, S. W., Mazefsky, C. A., Dichter, G. S., Chiu, P. H., Richey, J.

A., & Ollendick, T. H. (2014). Social-cognitive, physiological,

and neural mechanisms underlying emotion regulation impair-

ments: Understanding anxiety in autism spectrum disorder.

International Journal of Developmental Neuroscience, 39,

22–36. doi:10.1016/j.ijdevneu.2014.05.012.

White, S. W., Oswald, D., Ollendick, T., & Scahill, L. (2009).

Anxiety in children and adolescents with autism spectrum

disorders. Clinical Psychology Review, 29(3), 216–229.

Wieser, M. J., Pauli, P., Alpers, G. W., & Mühlberger, A. (2009). Is
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