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Abstract
The current study sought to test for the preseheedevelopmental trend for children with

autism spectrum disorder (ASD) from the age of &y¢o 13 years of age in their attention to,
and processing of, social images. Children with A&e expected to show dysregulated
pupillary responses that would be associated wittdaction of attention to social images over
the span of childhood. Pupil size was measuredtdren with ASD and typically-developing
(TD) peers at baseline and in response to botfalsaied nonsocial stimuli. To investigate the
effect of stimulus detail on processing, three $ypestimuli were presented during an eye-
tracking task: photographs, pictures of figuresl drawings. Contrary to previous reports, there
was no effect of age or diagnosis on baseline migel. Children with ASD, however, did not
show phasic pupillary responses to different stimul/pes that were observed in TD children.
Regardless of age, children with ASD looked astithuli for less time than TD children, with
nonsocial images receiving the least amounts atifin. The results suggest that dysregulation
of pupil size may be a less systemic marker of Alsdh had been previously reported.
Furthermore, larger pupillary dilations were coatetl with longer looking time toward social

photos, as well as higher MA and less social amdnaonication impairment.
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Introduction

Atypical face processing strategies are among éffieits reported in individuals with
Autism Spectrum Disorder (ASD). Research has fatwseattention to faces, time looking at
different parts of the face, and face processinigiab in people with ASD because of the
crucial role that attention to faces plays in comiuative interactions. However, atypical
looking patterns toward faces appear to vary withdge of the person with ASD, such that
toddlers and young children do not differ from tmmtrol group as much as older children,
adolescents, and adults (Falck-Ytter & von Hofs&1,0). This pattern of findings implies a
developmental trajectory in ASD in which childrerttwASD become progressively more
disengaged from faces over the course of childhBodthermore, dysregulation of the
sympathetic and parasympathetic branches of ttmantic nervous system (ANS) has been
reported to accompany atypical looking behaviod @al., 2010; Kaartinen et al, 2011,
Watson, Roberts, Baranek, Mandulak, & Dalton, 20fhjich might provide an explanatory
mechanism for why children disengage from facesivation of the ANS signals increased
processing load and also increased social intdfesefore, multiple stimulus probes can clarify
how these aspects of ANS activation interact wothking behavior. The influence of the ANS
on looking behavior over multiple ages of childeeith ASD is the focus of the current
investigation, with the goal of systematically detaing whether a developmental trend exists
for looking behavior or pupillary responses. MoreQuhis investigation seeks to establish an
activation profile specific to ASD by measuring Ald&ivation as children with ASD encounter

and process faces.

This investigation uses eye tracking and pupillagngt capture gaze direction and pupil

size, a measure of ANS activation. These methddgriate with systematic variation of stimulus
1



detail and social content to examine the effedt¥fsual detail has on social processing.
Furthermore, a cross-sectional design allows tfexsf of age to be parsed. ASD researchers
have used eye tracking technology for 10 yearsaonne attention with a wide range of social
and nonsocial stimuli (e.g., Anderson, Colombo,&a&dy, 2006; Speer, Cook, McMahon, &
Clark, 2007; van der Geest, Kemner, Camffermanbaten, & van Engeland, 2002). For the
purposes of this study, social stimuli refers tag®s such as human faces showing direct eye
contact with the viewer, while nonsocial stimuliaes to images of things such as common
objects and toys. Eye tracking systems commonl gaghil measurements along with gaze
direction, a feature which eliminates the needtach electrodes or other such impediments to
children who might have tactile sensitivity, a ceristic of ASD. Thus, this noninvasive
device can help to distinguish differences in daatigention and ANS function over the span of

childhood, and across different levels of functrani

Review of Literature

The Autonomic Nervous System in ASD

Exploring the development of autonomic nervousaystANS) dysregulation can better
establish its influence on basic social dysfunctioASD. Abnormalities in the ANS in
individuals with ASD appear in baseline activitydan activity responding to social stimuli,
which could interfere with normal social interactid-or example, baseline electrodermal skin
conductance, tonic pupil size baseline, and regpiyainus arrhythmia indicate reduced resting-
state regulation in children with autism (Andergb@olombo, 2008; Palkovits & Wiesenfeld,
1980, Barry & James, 1988; Chang et al., 2012;eBal., 2010). Heightened arousal at baseline

appears to be independent of heightened arousatdsvetimuli (Beatty, 1982); therefore,



arousal toward social stimuli contributes indepenigeto our understanding of social
dysfunction. Children with ASD who exhibit fasteardamore accurate recognition of emotions
from pictures also show greater regulation of sytimgizc responses, which implies unchecked
sympathetic activation contributes to social dysfion (Bal et al., 2010). However, like other
biomarkers that have been recently associatedA8M, an autonomic profile of ASD is not
incorporated into the core diagnostic featurehefdisorder (see: Walsh, Elsabbagh, Bolton, &
Singh, 2011). Nevertheless, the examination of susbninvasively measured feature of the

ANS could provide a regulatory basis for socialceetion differences in ASD.

Pupil Size in ASD

Pupil size is the combined result of excitatory arubitory activity within each of the
sympathetic and parasympathetic branches of the. AN® concerted effort of multiple direct
and indirect neurochemical pathways leads to ditadir constriction of the pupil. Pupil dilation
is rooted in sympathetic activation of the ANS, g¥thcauses the smooth muscle known as the
dilator pupillae to be activated by the norepingpdhsystem (Andreassi, 2000). Constriction
results primarily from the acetylcholine systentlod parasympathetic ANS, which activates an
opposing smooth muscle known as the sphincter lpegiBarbur, 2004). Lastly, two direct
inhibitory influences and two indirect inhibitorgfluences also moderate pupil size, each using
norepinephrine and possibly GABA (Hou, Langley, l&=di, Bradshaw, 2007; Loewenfeld,
1999). In the interest of parsimony, pupil dilatiodicates activity somewhat biased towards the
sympathetic branch, whereas constriction indicatdisity somewhat biased towards the

parasympathetic branch. Pupil size provides a masine indicator of ANS activity for



exploring the interactions between the sympathraatat parasympathetic branches at baseline and
in response to stimuli.

Accurate ANS responses require controlled lightdttoions because pupils respond
dynamically to ambient lighting. The pupil constsiin response to light entering the eye and
also while accommodating focus on an object atectagge. These effects are minimized in lab
conditions by maintaining a constant visual angleé eontrolling the luminance among stimuli
(Barbur, 2004; Loewenfeld, 1999). Underscoringithportance of standardized luminance,
atypical pupil responses in both light and darkdibons are reported in ASD (Anderson &
Colombo 2008; Martineau et al., 2011). When conghémecontrols, individuals with ASD show
longer latencies in reaction to light, smaller danson amplitude, smaller dilation in response
to dark conditions, and reduced constriction vé&yocompared to controls (Fan, Miles,
Takahashi & Yao, 2009; Rubin, 1961; Martineau gt2011). Under standardized lab
conditions, pupil size will not reflect such lighgaction abnormalities; pupil size will primarily
reflect concerted effects of the ANS. Maintaingmnstant luminance conditions allows for the
reliable measurement of both baseline (tonic) domts and stimulus (phasic) conditions.

Disagreement in the literature about tonic pugiésn ASD may be rooted in
methodological differences among the studies irstgoie. Matching baseline luminance
conditions to the stimulus luminance conditionsliiates straightforward comparisons between
tonic and phasic pupil size. For example, wherbtieeline measurement occurs during
luminance-matched gray visual stimuli, childrenhw/&SD havdarger tonic pupil size than TD
children at 2- to 5-years old and at 8- to 10-yedag Anderson & Colombo, 2009; Anderson,
Savage, Chambers, Colombo, Powell, Obermeier, &kJnn preparatior). However, children

ages 3- to 15-years old exhibitsaghallertonic pupil size than TD children when shown a-hon
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luminance-matched black slide between stimulus eagiylartineau et al., 2011). Sudden
changes in luminance will elicit some degree ofilbany light reflex. Therefore, the smaller
tonic pupil size may represent a reduced pupiltagponse latenay reduced dilation amplitude
to the sudden darkness of the room (i.e. the stdjeapils may have dilated more slowly or
may not have dilated to the same extent as TD m@mild). Direct comparisons between baseline
and stimulus conditions are possible with a lumagamatched baseline condition, which
controls for automatic light reactions.

Because pupil size changes over the duration @aslg & single baseline condition
measured at the beginning or end of the sessioat isufficient for making comparisons
between tonic and phasic pupil size. Reassesssgliba pupil size after each presentation of
stimulus assures that reactions to one stimulusotigpill over to another. For example, pupil
size decreases with fatigue and habituation, tbezd¢he baseline size of the pupil may reduce
throughout an eye-tracking session (Kahneman & IBeal969). Furthermore, baseline pupil
size increases and phasic pupil size decreasaskssliecome less rewarding and the subject
begins to explore other options for reward (Astonek & Cohen, 2005). The difference scores
between tonic pupil size and phasic pupil size withsession reveal whether stimuli were more
or less arousing compared to the preceding nendisgline, resulting in a difference score which
changes for each stimulus slide. When a subjdoses interest in the stimuli, their difference
scores will decrease throughout the session asdbgnitive resources are less devoted to the
task at hand.

Phasic pupil size is a quick, sensitive index Far amount of cognitive effort expended
while performing a task or observing a stimuluslikéntonic pupil responses, phasic pupil

response occurs during performance of a task agargent with a stimulus with psychological
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or otherwise meaningful content. Phasic reactiggirtseduring the first 100-200ms after
stimulus onset and persists until the subject cetaplcognitive processing, after which the pupil
quickly returns to baseline size (Loewenfeld, 1989a review see Beatty & Lucero-Wagoner,
2000). More cognitively demanding tasks, or tasled tequire more information processing,
tend to elicit a larger pupil size than less denragpthsks (Steinhauer, Condray, & Kasparek,
2000). Neurotypical adults exhibited progressivagat pupil dilation when multiplying small
numbers in increasingly difficult problems, and #ee of peak dilation assumed a monotonic
relationship with the difficulty of the problem (B& & Polt, 1964). In this way, phasic pupil size
correlates positively with the amount of cognitisad experienced by the participant in the
moment. Stimulus presentation of only a few secasdsfficient to produce a meaningful pupil
reaction without the subject experiencing fatiguéabituation.

The positive monotonic correlation between pugatittn and cognitive load appears to
break down when load exceeds working memory capé@itanholm, Morris, Sarkin, Asarnow
& Jeste, 1997). At lower cognitive loads, constoictindicates the allocation of few attentional
resources. However, as task difficulty increades plarticipant’s pupil size increases until the
task becomes too difficult, when the pupil begmsanstrict rapidly. For example, when adult
participants were asked to recall strings of numiberyond the usual limit of digit span memory
(usually about 7 digits + 2) their pupils begardexrease in size, indicating that the subjects
were overloaded and no longer able to engage wthask (Granholm et al., 1997). Even the
anticipation of poor task performance causes deunrggupil size (Aston-Jones & Cohen,
2005). In relation to ASD research, smaller puz sn reponse to social stimuli could mean
that the children detect the social content ofstirauli, but processing does not evoke the

recruitment of as many cognitive resources as irchiliren. Another interpretation is that the
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social stimuli present so much information thatdrien with ASD reach their cognitive limit and
disengage from the stimuli. Therefore, smaller psiges can be construed to represent one of
two extremes in cognitive load. Face stimuli ofyinag visual complexity would enable
researchers to parse how visual details contritaupdasic pupil reactions, similar to
investigations of cognitive load.

Arousal models of social disfunction in ASD accotartthe relationship between social
looking and atypical arousal. The way children wAiD engage with social and nonsocial
information shapes the world that they attend nal, ia turn, what they learn from their
environment. Thus, lower phasic arousal in resptm$aces could inhibit learning about faces
in children with ASD. Reduced social impairmentglvildren with ASD are associated with
levels of arousal that are closer to control grimyels (Bal et al., 2010; Dalton et al., 2005).
While evidence from skin conductance studies indkaeightened arousal in response to social
stimuli, pupillometry studies have indicated smatésponses to social stimuli when compared
to TD subjects (Kaartinen et al., 2012; Hirsteurerben & Ramachandran, 2001; Anderson &
Colombo, 2008; Sapeta et al., 2012; Falck-Ytte880Pupil size provides a more complete
representation of overall arousal because both agmepic and parasympathetic systems
influence its outcome, whereas skin conductanaeaoiiy reflects sympathetic activity. The
social deficits in ASD may therefore be the resfiteduced overall arousal towards faces,
which are then treated with relative disinteresypécal arousal to social stimuli leads to
difficulty learning, which may then lead to diseggaent from faces over time due to
insufficient expertise.

Children with ASD exhibit dysregulated phasic pupsponses throughout childhood and

into early adolescence, although combining invesitog of pupil size with looking behavior



across childhood would reveal when and how aranflaences social looking (Anderson,
Colombo, & Shaddy, 2006; Martineau et al., 201Jeda et al., 2012). Phasic pupillary
reactions (i.e. constriction or dilation compardthvbaseline pupil size) in children with ASD in
response to social stimuli are smaller on averagenveompared to TD controls, (Anderson,
Colombo, Shaddy, 2006; Anderson, 2010; Martineal.e2011). Furthermore, children with
ASD exhibit reduced pupil reactions toward sociahsli as early as 2 years-old, before atypical
looking patterns have developed (Anderson, Color@b8haddy, 2006) and these atypical
phasic pupil reactions continue until at least BgéMartineau et al., 2011). Pupil dysregulation
persists throughout childhood and into adolescenbereas children do not show reduced
attention to social images until later in childho8gstematic investigation using a cross-
sectional sample of toddlers, school-age childaed, young adolescents with ASD can reveal
more about the nature of phasic ANS dysregulatadifferent kinds of social stimuli, and how

this reaction relates to differences in face saapobmpared with TD controls.

Face Scanning in ASD

Although young children with ASD present typicatteans of face scanning, the
developmental trajectory appears to widen the gayéden ASD scanning and typical scanning
patterns by early adolescence. Later in childhobddren with ASD might not look at faces as
much as TD controls because the progress of tloed#ishas disturbed their perception of social
information. Due to the dearth of longitudinal deyenental studies on social looking in ASD,
reported age ranges in the social looking liteeguide this analysis. Scanning differences of
children with ASD to static human and face stimugire negligible in narrower, younger age

ranges, such as 2 to 5-year-olds (Anderson €2@086), 5 and 6-year-olds (Falck-Ytter et al.,



2010), or 10-year-olds (van der Geest, Kemnerb&ten, & van Engeland, 2002; van der Geest
et al., 2002). Studies that have shown scannirigrdiices in children younger than 5 years of
age have incorporated recognition tasks (ChawaksBhic, 2009) or dynamic stimuli with adult
speech (Jones, Carr, & Klin, 2008; Chawarska, Ma&ashic, 2012). Such demanding stimuli
elicit looking patterns similar to those found ilder participants viewing simple scenes;
participants ranged from adolescence to adultheay,(Boraston, Corden, Miles, Skuse &
Blakemore, 2008; Dalton et al., 2005; Hernandesd.eR009; Nacewicz et al., 2006) or groups
of older children grouped with adolescents or yoaddglts (Riby & Hancock, 2009; Sasson,
Turner-Brown, Holtzclaw, Lam, & Bodfish, 2008). $nm, adults with ASD may be more likely
to show quantitatively different patterns of vissahnning to static social images, whereas such
differences appear to be less robust in the gazaviie of children with ASD. This trend may
be rooted in the dysregulation of the ANS towamsa stimuli observed early in life.
Investigating ANS response with more tightly colte age ranges would better characterize
the face-scanning differences in ASD and at wina¢ in development these differences emerge.
Patterns of attention to the internal featuresaoés in ASD differ from TD populations
throughout development and in maturity. The allmcabf attention among the eyes, mouth,
body, and gestures is affected by visual featureal@ency (Freeth, Foulsham,& Chapman,
2010). Through a cross-sectional study, Nakanocatidagues (2010) found evidence for an
alternative developmental trajectory for socialdog patterns in ASD. Children (mean age =5
years) with ASD looked less at the mouth of theagpethan TD children while viewing a social
video of people having a conversation. The revpattern occurred in adults with ASD, who
looked longer at mouth regions (relative to facesrall) than their adult TD counterparts, who

tended to focus on the eyes (Nakano et al., 2@Eifge the current study seeks information



about attention disengagement in general, attemdidimne eyes and mouth are therefore combined
into an internal features variable. Face imagesofing complexity may also produce different
patterns of gaze toward internal features, withsih@ler images perhaps garnering more
attention due to ease of processing. Incorporatamgd visual complexity with a cross-sectional
sample of children from toddlerhood to early adodéexe can help differentiate the trajectory of

social looking patterns in ASD.

Scanning of face-like stimuli in ASD

Manipulating face stimuli can probe whether prosesdeficits are specific to the social
content of faces or if these deficits arise fromgassing complex stimuli. Face-like stimuli, such
as cartoons, figurines, and computer-generatecesyatan be used to investigate the skills
required for face processing, such as the integratf individual features into configural wholes.
They also provide an opportunity to study the gabgi that complexity of face stimuli might
underlie the processing difficulty for people wABD (cf. Behrmann, Thomas & Humphreys,
2006; Rossett et al., 2010; Spezio, Adolphs, Hutfld3iven, 2007). Face-like stimuli are
employed as a kind of “intermediary” stimuli betwdiaces and objects, providing reduced
details while retaining the face configuration deatures (Hernandez et al., 2009). Researchers
can draw more specific conclusions about the natfipeocessing deficits in ASD and their
origins when research paradigms allow researchbgrarse whether atypical ASD scanning
reactions are due to social information or comglexfigural information. Thus, the current
study uses face-like stimuli to investigate hypstsebased on perceptual complexity.

Cartoons represent an ecologically valid stimuhag thildren with ASD encounter in

everyday life. Cartoons are also typically lessded than photos or recordings of real humans.
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Advertising and entertainment media targeted dtdidm often contains cartoon characters, and
exposure to such media would provide reasonabldifaity with cartoons. This exposure gives
cartoons an advantage over novel face-like stibbediause children would be reasonably
familiar with processing animated and static carsetherefore, the interpretation of
differences based on cartoons would be more litcelye based on visual perceptual differences
rather than differences in the perception of complevel objects. Furthermore, avatars and
cartoons are already successfully employed in coengnased interventions that help children
with ASD improve emotion recognition and contexséa emotion prediction, and sometimes
these reduced-detail designs produce even mor@veprent than intervention items using
photos of emotions (Silver & Oakes, 2001; Chengl&g 2010).

Children with ASD employ typical processing stragsgwith cartoon faces that they do
not employ with photos of faces. Children with A8I3play responses when encountering
cartoon faces that are similar to TD responsesdbfaces, which implies that when image
details are limited, children with ASD spontanegusie processing strategies that are more
conventional. The face inversion effect leads sin@lar conclusion. In a face-inversion
paradigm, TD children usually exhibit an inverseffect (slower reaction times) when
categorizing inverted human faces as comparedwpitight human faces, because inversion of
the face configuration disrupts typical informatymocessing (Rossett et al., 2008). Inverted
cartoon faces of animals and people elicited thasacteristic effect in children with ASD and
TD children, although no such effect was obseregddal faces in the ASD group (Rossett et
al., 2008). Children with ASD might process simfalees in more typical ways, i.e. by using the
configuration of the facial features, which inversdisrupts. Conversely, children with ASD

might identify real faces by their features alonhijch inversion would not disrupt. Children

11



with ASD spontaneously change face processingesfied based on image properties that do not
affect face processing strategies in TD children.

The explanation for typical processing in ASD oftean images contains two main
arguments—one based on perceptual processing,renblased on social agency and expertise.
First, cartoons contain fewer visual details amtuiees than photos. Cartoons might be easier to
process due to their lack of detail—in other wotts, simplified image placed fewer demands
on working memory so the children were able torasee typical strategies for processing.
Second, cartoons are not usually encountered esative social agents, so they are in this
respect “less social’ than human face photos (Rillancock, 2009). The ease of processing
cartoons may reflect the children’s expertise wahtoons. Cartoon expertise might be easier for
children with ASD to attain than real face expertisecause real face expertise would be subject
to interference by the visual processing demandssanial impairments associated with ASD.
Disentangling the relationship between image coriglend social agency is possible with the
application of a stimulus that still closely reséesba human face and has an intermediate level
of detail between that of a cartoon and a photogkample, a doll’s face or the face of a
computer avatar. Such an “intermediate” stimulusil@rovide face details without providing
social agency.

Gaze patterns in response to the level of faceuttisrdetails can provide insight on the
development of social attention across the lifensgaaze behavior of older individuals with
ASD is similar when encountering real faces andpermface-like objects or cartoons.
Hernandez et al. (2009) found that adults with A8Rded to look far less at the eye region of
photo faces than an avatar face, but showed negfi¢lee same facial regions for both images.

Furthermore, Riby and Hancock (2009) found thay@&rold children with ASD exhibited
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similar patterns of eye avoidance when they vieeggtbon movies of people talking and live-
action videos of people talking. Additionally, anén with ASD spent more time attending to
backgrounds and bodies while viewing still imagesastoons and real people (Riby &
Hancock, 2009). This finding that older childrerdadults exhibit scanning differences toward
reduced-detail faces conflicts somewhat with thevimusly discussed finding that children with
ASD use typical processing strategies when dedadiseduced (Rossett et al., 2008). This
conflict might be explained by an interaction betwéooking behavior and age. For example,
the tendency for adults and adolescents with AS&8vtnd internal features may extend to face-
like stimuli (avatars) and cartoons, whereas yathgiren with ASD would still respond like

TD children. In other words, the way cognitive effrelates to gaze behavior might not be
constant over the life span. Using three stimupgs—drawings, figurines, and photos— could
establish a categorical relationship between intageplexity and looking at internal features at
different ages. Furthermore, comparing pupil sesponses to these three representation types

would help to establish a connection between cognéffort and gaze behavior.

Hypothesis and predictions

The extant evidence suggests that young childrém A8D experience ANS dysregulation,
which results in higher baseline activation anddogensitivity to social stimuli. This
combination increases scanning neglect of hightgildel social stimuli later in childhood due to
downstream effects of dysregulated arousal. Howédess detailed stimuli elicit looking
responses from children with ASD that are indistisgable from TD responses. Face-like
stimuli would therefore allow comparison betweea ligvel of detail and ecological validity of

the stimuli throughout childhood. Several poteniaicomes would support this hypothesis.
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1. Children with ASD exhibit higher baseline pupileithan TD children throughout
childhood.

2. Visual complexity contributes to the arousal regmoto the stimuli and elicits predictable
pupil size responses. Images that are more conmpletoser to reality (photos) may elicit
more atypical responses in the pupillary systenteethildren with ASD and therefore
the pupils might appear smaller than the TD pujiages that are less complex
(drawings) might not elicit such overactive resgssand so pupil size in both diagnostic
groups would be comparable. Intermediate imaggsrgs) fall somewhere in between
these sizes. This pattern of pupil sizes will le tregardless of social or nonsocial
stimuli.

3. Children with ASD exhibit a special response taaagtimuli, indicating that these
stimuli are more difficult to process than nonsbc@mplex images—social pupil
responses are smaller than TD social responsessastimulus image types.

4. Older children with ASD show reduced attentionrtteinal features of the face. This
difference in social attention to internal featuisegreatest in the oldest group, and

present in the middle age group, but not presetiitaryoungest group.

Summary

The developmental progression of scanning patiaragtism hinges on ANS activity
dysregulation that disrupts attention to complexiacstimuli. The current study investigated the
effects of different types of face and object stiron pupil size and scanning patterns in
children from the age of 2- to 13-years old. Thigra of pupil responses varies by age,

indicating an early ANS dysregulation. Atypical @abmic activation might precede and
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contribute to atypical scanning behavior in respaiessocial stimuli (Falck-Ytter, Frenell,
Gillberg, & von Hofsten, 2010). Furthermore, attentto internal features of faces changes with
age such that older children and adolescents samerl differences from TD children than
younger children with ASD. In order to explore wigtthe ANS responds to the visual
processing load or social content of the stimuk, $tudy includes different representations of
faces and objects. The stimuli comprises threegoaies (photos, toys, drawings) that children
encounter in day-to-day life, thus the effectsarhiliarity with particular types of media might
be lessened. Varying stimulus type differentiatesitevel of detail is necessary in social and

nonsocial stimuli to elicit atypical allocation aftention and atypical ANS activation.

Method

Participants

Inclusion criteria consisted of gender, diagnosid age range. Male children were
recruited who were between the ages of 2 and 13 ydage. Participants were organized into
the following groups: ASD (n = 18) and TD (n = 3Br recruitment targeting purposes, the
participants were categorized by age into one rgfetlage groups to assure that the distribution of
ages was representative of the wide age rangeui®aent aimed for 10 subjects per diagnostic
group in each of the following age bins: 2:0- t6-year-olds, 5:1- to 10:0-year-olds, and 10:1- to
13:0-year-olds. These recruitment goals were rairegtd, and as such, subjects were divided
into two age groups for the current analysis, dbedrinGroup Assignment

Exclusion and inclusion criteria were devised tocasmodate the sensitivity of the pupil
measures and to ensure that each participant viesoatake part in all session activities. In both

diagnostic groups, participants were excludedef/texperienced uncorrected hearing, vision,
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motor impairments, and/or a chronic illness reeugnnedication, such as heart disease. For at
least 48-hours prior to every testing sessionsthgects were required to be free of medications
(both prescription and over-the-counter) and illnesany kind (colds, fever, allergic reactions).
Children meeting the inclusion criteria for the A§up had a diagnosis on the autism
spectrum, including autism and Asperger’'s Syndrdmaddition, exclusion criteria for this

group included comorbid diagnoses that were ndaherspectrum. Children meeting the

inclusion criteria for the TD group had no neuratad diagnoses or developmental delays of any

kind, nor first-degree family members with ASD.

Group Assignment.Children who met inclusion criteria and did noffifluany exclusion
criteria were sorted into groups by diagnosis ayel &€hildren in the TD group were matched
with children in the ASD group by chronological ggA) such that there were no mean
differences between overall group means ont(36) = 1.081p = .287. The data from children
(n =4) in the TD group was discarded to aid iis fge matching. Although the overall CA
averages did not differ, the means of the oldergagapings were significantly different such
that the TD groupN] = 146.14 SD= 16.86) was significantly older than the ASD grd =
115.43,SD=21.35),t(11.386) = 2.987p = .012. The younger age groups did not differ én C
(p > .05). Furthermore, group matching by cognitest tomposite scores (CS) was not possible
due to the large group-wise differences in meant@&TD children had higher composite
scores than children with ASE{17.88) = 5.264p < .001. Children in the TD group scoring
above 130 on the standardized assessment of aagatliility were excluded from the analysis (
= 11) because their scores were beyond the “averagge of performance. The remaining

children N = 36: ASD,n = 18; TD,n = 18) were included in this analysis.
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Children were grouped into two age groups rathan three because the recruitment
goals were not met. Children from age 2 yearsyeats (24 to 84 months) were grouped
together, and children from age 7 years, 1 mooth3tyears were grouped together (85 to 163
months). The descriptive statistics were compubeegéch diagnostic group, and are presented
in Table 2. For each diagnosis, age grouping predacdistinct group of younger children
(ASD,n=11; TD,n = 11) and older children (ASD,= 7; TD,n = 7). These group means for
CA and CS are found in Table 1. No overall diagieagtoup differences were found with regard
to chronological age (CA), however the upper ageigrof TD children contained older children
than the ASD upper age group, and therefore do@tiparisons between the two groups were
tenuous. Comparing the subtest T-scores of theevwhowed significant group mean
differences on all subtests € .05) except for Fine Motot(6.45) = 2.318p = .057. The subtest
area scores of the Stanford Binet showed signifigesup mean differencep € .05) on all
subtests except for Quantitativ€l 1.34) = 2.037p = .066.

Effects of stimulus set and order, parental adertt, and parent years of education were
also investigated but did not significantly affgitual task outcome measures, and so they were

excluded from final analyses presented here.
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Table 1
Chronological Age and Cognitive Composite Score&itmup

TD ASD
Younger  Older Younger  Older
n=11 n=7 n=11 n=7
CA 64.64 146.14 54.18 115.43
11.21 16.86 14.06 21.35
Cs 118.55 117.86 84.10 69.14
8.39 6.99 31.85 28.96

Note.Data presented as means. Standard deviations aaéiags. CA = chronological age, CS =
composite scores on cognitive assessments, TDicatipdeveloping, ASD = autism spectrum
disorder.
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Table 2

Standardized Test Scores by Diagnosis

ASD D
Stanford Binet n =11 M SD Range =12 M SD Range
Verbal SAS 86.60 28.41 44 — 120 120.50 12.18 96 — 138
Abstract Visual SAS 89.27 31.33 46 — 150 123.67 7.33 112 — 138
Quantitative SAS 96.20 3524 46 — 150 120.33  13.93 96 — 140
Short Term Memory SAS 78.70 23.13 46 — 119 105.83 13.87 86 — 134
Stanford Binet test composite 82.36 34.71 36 — 138 120.50 7.28 107 — 129
Mullen n==6 n==6
Visual Reception T-score 35.50 10.84 20 — 52 56.17 2.64 52 — 59
Fine Motor T-score 36.00 16.77 20 — 56 53.00 6.45 46 — 63
Receptive Language T-score 32.67 16.32 20 — 61 56.33 3.44 53 — 62
Expressive Language T-score 27.50 11.73 20 — 50 62.00 7.92 48 — 69
Mullen composite 69.83 2203 49 — 104 113.83 6.91 105 — 122
ADOS
Module 1 n=8
Module 2 n=4
Module 3 n=6
ADOS communication 11.00 6.62 2 — 23 0.00
ADOS social interaction 11.00 406 5 — 18 0.00
ADOS total 22.00 9.75 8 — 375 0.00
ADOS stereotypical behaviors 3.06 182 0 — 6 0.00
SRS
SRS social awareness 74.71 11.47 55 — 90 0.00
SRS social cognition 79.06 9.48 61 — 90 0.00
SRS social communication 80.47 10.38 58 — 90 0.00
SRS social motivation 75.18 1553 49 — 90 0.00
SRS autistic mannerisms 83.82 9.73 58 — 90 0.00
SRS total composite 83.06 10.20 60 — 90 0.00

Note.Scores presented as means. M = mean. SD = staseldedion, in italics. TD = typically

developing, ASD = autism spectrum disorder

Stimuli

The stimuli consisted of 24 stimulus slides andBk baseline slides that were shown

during the eye-tracking session. The first slids &dlank, gray slide that matched the

luminance of the interstimulus slides. This slidesvpresented for 10s, which allowed for
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extended baseline pupil recording. The stimuludeslicomprised 4 each of the following types
of slides: photograph of person, photograph of hufigurine, color drawing of person,
photograph of common object, photograph of figdegiction of object (toy), and color drawing
of object. Every stimulus image was presented atona gray background for 5s. Blank, gray,
luminance-matched inter-stimulus slides were shtow@a variable amount of time between 2s
and 5s, averaging 3.5s, to reduce anticipatoryl pegponses (49 stimulus and inter-stimulus
slides total). Stimulus image order was semi-radg@rranged into four possible stimuli
versions, such that the child would not see maose thimages of the same type in a row (i.e.
four sequential photos, four sequential face imafges sequential drawings, etc.). In addition,
one short video clip lasting about 12s was insdriéde middle of each stimulus set to maintain
the participant’s interest and to allow the experiter to issue verbal prompts (e.g., “remember
to keep your hands in your lap!” or “great job!®) the child as needed. The same animated
calibration points described earlier played after video to ensure that the camera calibration
remained reliable at the session midpoint. If thbcation was not reliable, the session was
paused, the calibration procedure was performethagad then the session resumed with
accurate calibration. Calibration points were shagain at the end of the stimulus set to ensure
that data collection remained accurate throughwtémainder of recording.

Stimulus Generation. The stimuli images were collected from online eses and
created by the investigator (Appendix G). The phatbhuman faces, human figures, real
objects, and figures of objects (toys) were drasemfvarious royalty-free image repositories
online. Figurines depicting child actors and acesswere used because these figures were more
realistic than, for example, figures depicting aaed characters. Matching photos and figurines

of child stars also aided luminance matching wigets of photos, figures, and drawings. All
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photos were altered in Adobe Photoshop Elementto&0least 300 dpi, and the image areas
were resized to consist of approximately the same @.5” X 7”7, approximately 45.5 square
inches). The background, adjoining figures or adtgjeicecks, and long hair were erased. The
resulting white background was made transparetitataall images could be placed on gray
luminance-controlled Microsoft Powerpoint slides iaminance testing and further resizing.
Special considerations while selecting the nonsodigect images included the removal or
obstruction of brand names and the omission oflizeeconfigurations (e.g., cars were not used
because the headlights and grill resemble a faeg)night elicit processing of language or
faces. Special considerations while selecting ttogas stimuli included finding forward-facing
views of faces and figures that displayed happyemtral expressions. All images were contrast
and color corrected after luminance testing sottiey fell within the 25.0 to 25.9 Ix range when
measured with a commercial photometer. The iritzgeline slide and the inter-stimulus gray
slides emitted 25.5 Ix.

The social and nonsocial drawing stimuli were edlated by the investigator. The social
drawings were created by using an online face mogpprogram (morphthing.com, Glam
Entertainment) to combine the photo and figurinages into a composite image that drew
equally from the traits of each image. Morphing ithage was necessary to ensure that the
drawing did not rely on one reference to a greatéent than another. The resulting composite
image was then traced and colored using Adobe BhopoElements 8.0. Nonsocial drawing
references were selected based on their canoejmadsentation of the object. Nonsocial
references were traced and colored. The colorafiainawings was limited to 3 tones per color,

representing the base color, highlight, and shad@iaere more than 4 base colors were needed
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for the drawing, highlights and shadows were apptigaringly, i.e. to only one or two areas of

the drawing.

Equipment and Setup

Pupil diameter and gaze location were recorded avillesktop Applied Sciences
Laboratory Eye Tracking System, Series 6, withdeewihead tracker to keep the camera locked
onto the subject’s face. The system was equippddanmiigh-speed synchronizer set to take
pupil and gaze measurements at a sample rate did2Pupil and gaze data from each subject
was recorded with GazeTracker software that contpidre gaze direction information from the
ASL software to the area of the stimulus monitodétermine whether the child’s gaze fell into
circumscribed areas of interest for each imagechvhre described in detail below. The ASL
software detected the child’s distance from theaymaera, which ranged from 18” to 30”
depending on the child’s viewing posture. This heslin a visual angle of 22.01 to 13.31
degrees at the stimulus.

The eye-tracking room consisted of two sections:ekperimenter area and the
participant area. The areas were separated bge, laeutral-colored barrier that did not allow
subjects to see the experimenters. The experimargarcontained four monitors—one
interfacing with GazeTracker, one to run the Appl&ciences Laboratory software, and two
smaller monitors displaying real-time computatiooatrlays of: 1) the camera’s focus on the
participant’s pupil and corneal reflection (eye rbor), 2) a crosshair of the participant’s point
of gaze mapped onto the current stimulus (gazetornil he participant area was a neutral-

colored area free of distracting decorations, aedntained a hydraulic seat with a five-point
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restraint and the stimulus monitor. During theitggssession, this area was illuminated only by

the stimulus monitor.

Standardized Tests

Each child received two standardized assessmamtsstandard test of cognitive ability
(either the Mullen Scales of Early Learning or 8tanford Binet, 4 Edition) and one
observational assessment of autism symptoms (Mdduleor 3 of the Autism Diagnostic
Observation Schedule). Parents reported their’sHagel of autism symptoms on the Social
Responsiveness Scale as an additional measurésshaymptomology.

The Stanford Binet Intelligence Scales, 4th EditiorfStanford Binet). The Stanford
Binet (Thorndike, Hagen, & Sattler, 1986) is a dtiga test that is composed of four cognitive
areas which combine to produce a composite sctye slibtest areas are Verbal Reasoning,
Quantitative Reasoning, Short-Term Memory, and isastVisual Reasoning. Each cognitive
area consists of several subtests which are aderietdsdepending on the subject’s performance
on the routing test of expressive vocabulary. bheotto reduce frustration and testing fatigue,
only one subtest from each cognitive area was adtaned and used to return the composite
score. These were Oral Vocabulary (Verbal), Beadhbhy (Short-Term Memory), Quantitative
(Quantitative), and Pattern Analysis (Abstract \@i3u

Several aspects of the Stanford Binet necessitasegarate test for younger children.
First, the exclusion criteria for the ASD group tbe current study was not based on verbal
ability, so children without expressive languageewecruited. These children tended to be in
the younger age group between 2 years and 5 ykhrSanres can be obtained on the Stanford

Binet beginning at 2-years-old; however, in theeat investigation children were administered
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the Stanford Binet beginning at age 5 years, 0 hwuhtil age 13 years, 5 months. Rather than
use the Stanford Binet with children younger tharears, these children received the Mullen,
described below. The use of two tests was intetal@atoid floor effects for children with ASD
who had expressive language delays that would dhese to receive no score on the Stanford
Binet verbal routing test.

Mullen Scales of Early Learning (Mullen). The Mullen (Mullen; Mullen, 1995) is a
standardized assessment of cognitive ability whettrns scores for children from age 2 months
to 67 months. The test comprises 5 subscales: Gfo&s, Visual Reception, Fine Motor,
Receptive Language, and Expressive Language. Betaeissross Motor scale is not included
in the calculation of the composite score, it wasadministered in the current study. The
remaining 4 subtests of the Mullen were administéoechildren from age 2 years, 0 months,
until 4 years, 11 months, to avoid floor effectsatiwould have likely occurred if the Stanford
Binet were administered to young children with selyelimited or delayed expressive
vocabulary.

Autism Diagnostic Observation Schedule (ADOS)The ADOS (Lord, Rutter,

DiLavore, & Risi, 2000) is a semi-structured pldyservation which allows the administrator to
construct various situations that elicit behavassociated with the autism spectrum diagnosis.
The scores are based on the nature and sevethyg child’s apparent behaviors, mannerisms,
and speech during the testing session. The ADA8des 4 modules designed for different
levels of verbal ability, and the current study legb3 of these modules. Module 1 is for
children who are nonverbal or lack phrase speedduié 2 is for children with phrase speech
but not fluent language, and Module 3 is for claldwith fluent language. Modules 1 and 2 are

primarily play-based and allow for freedom of mowsharound the room, whereas Module 3
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includes a brief interview and more structured @agvities. Each module returns scores of
impairment in three core areas: Communication, itecal Social Interaction, and Stereotyped
Behaviors and Restricted Interests. An overallscan be computed and compared with
standard diagnosis cutoffs to confirm the childagthosis within the autism spectrum.

Social Responsiveness Scale (SRBhe SRS (Constantino & Gruber, 2005) is a
severity rating scale which indicates social imp&nts and previously observed behaviors
relevant to the diagnosis of ASD. The 65-item @Boale is completed by a parent or guardian
who is familiar with the child’s current behaviarchdevelopmental history. The item ratings are
applied to scores in the following areas: Sociain@wnication, Social Awareness, Social
Cognition, Social Motivation, and Autistic Mannaris. These scores are combined to produce
an overall standard score. This test further cordi the diagnoses of the children in the ASD

group, and provided a secondary perspective onhihd’s symptom severity.

Procedure

Recruitment. Male children were recruited through existing lamtacts with parent
organizations and by public postings online anthenmetropolitan area. Organizations and
therapy groups were contacted and supplied witmetbriitment letter (Appendix A) to
distribute to their members or clientele. Shortedeskcriptions of the studies were also
distributed to organizations to include in sociadia webpages or newsletters. The recruitment
materials were posted on the lab website and th&daebook site, as well as on Craigslist in the
Volunteer section. Flyers with pull-off tabs (AppixB) were displayed on community
message boards in multiple child-centered or chithdly establishments within a 50-mile

radius of the laboratory. An existing lab databem®posed of previous participants and
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commercial lists was queried for children withie thge range of the study. The query results
produced a list that was used to guide targetedliagaf the recruitment letter, followed by a
phone call (Appendix C) one week later. Parents didoot have current email addresses on the
list were sent the recruitment letter in the mail aeceived a follow-up call two weeks later.

Testing SessionEach session began with consent and video seleeatnohthen
proceeded to eye-tracking and standardized testiogsent was provided by parents on the
child’s behalf in accordance with Human Subjecten@uttee regulations (Appendix D), the
subjects received compensation for time and trarel,parents filled out a lab-designed custom
health and background questionnaire (Appendix Eptdirm current health and family history.
During this time, the child became acclimated ®Idb setting by playing with toys and talking
with research assistants. Each child chose a D@D the laboratory library that played while
the researcher found their eye with the camera.

For the eye-tracking session, the child was ledl iné eye-tracking room and the assent
protocol was followed (Appendix F) according to tield’s age group. Once assent was
obtained, the child was secured into an age-apiatepseat in front of the stimulus monitor. The
seats had a five-point restraint to assure thathiid remained seated during the session with
minimal changes in posture. If necessary, a ndtdwpivas offered to ensure that the child’s
head remained upright during the session. The &igmonitor played a DVD of the child’s
choice. Parents could accompany their child ineoethe-tracking room and sit outside the
child’s field of vision during testing; howeverpings were not allowed in the room. Once the
child was comfortable, the experimenter turnedludflights and moved to the experimenter
area. The experimenter then used the eye caméralttihe coordinates of the child’s left eye.

The software locked onto the child’s eye, and tilération procedure began.
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The calibration sequence consisted of 9 animatedgevenly spaced over the area of
the stimulus presentation screen, which were redeahe at a time. As the child looked at each
animated gaze point, their looking direction walibcated based on their pupil position and the
reflection of light on the cornea. After the init@alibration was obtained for each point and
saved, successful calibration was visually confarog revealing each animated point a second
time while observing the child’s gaze directiorr@al-time on the ASL gaze monitor. The length
of time required to obtain acceptable calibratianed depending on the size and shape of the
subject’s cornea, the reflection of the pupil, &melfidelity of continuous tracking despite
movement of the subject. Thus, the calibration @doce could take 5 to 30 minutes. If
calibration was not obtained after 3 attempts omdfutes, whichever occurred first, the child
was given a break to play with toys while the engesiting system was restarted. When
calibration was established and confirmed, thealitask was presented using GazeTracker
software as described in the visual stimuli section

After the eye-tracking session, the child and expenter proceeded to a different room
for standardized testing. The first test was anag@opriate assessment of cognitive ability
using the Mullen Scales of Early Learning or than§ard-Binet (4' Edition), and a test of ASD
symptoms and behaviors using the Autism Diagn@3tiservation Schedule (ADOS). Children
from the age of 2- to 4-years and 11-months oldived the Mullen, and children from 5- to 13-
years old received the Stanford Binet. Testing betwage groups was broken up in this way in
order to avoid floor effects from the administratiof the Stanford Binet vocabulary section,
which requires verbal responses, to nonverbal @mldThe ADOS module was chosen by the
administrator after observing the child’s geneeakl of verbal ability (e.g., single words or

phrase speech). At this time the parent also filetthe Social Responsiveness Scale if they had
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not already done so during the consent procedine efitire lab visit usually took no longer than
2.5 hours to complete, and breaks were given talhiid as needed. Second appointments were
scheduled at the parents’ convenience with full gensation if additional time was needed to
complete the protocol.

Data Extraction and Reduction.Areas of interest, dook zoneswere defined using the
GazeTracker software. The look zones were freefarlygons set by hand in the Gaze Tracker
software that outlined the contours of the areastefest. Each look zone was offset from the
edge of the area of interest by a %" margin ofrelm@ccount for slight miscalibration of gaze
direction. For the social stimuli, look zones wdedined for areas of internal features (eyes,
nose, and mouth) and the perimeter of the heatufiimg hair, jawline and chin). For the
nonsocial stimuli, the look zone was defined bydhter perimeter of the object. For
comparisons between social and nonsocial image$gad look zone was used because it
encompassed the whole image area. Therefore,d¢hs ased for comparisons between social
and nonsocial images were similar. For the anabfsétention to internal features versus
external features, the time spent dwelling in titernal features was considered separately from
the time spent dwelling oonly the external featurdghat is, the portion of the head look zone
that was mutually exclusive from the internal featulook zone).

Looking time for each look zone was extracted fitbe GazeTracker output. The data
output included all the time that the subject’s exges tracked; therefore, the output included
time that was offscreen and time that was onsciemrking time toward images was
automatically tagged with the appropriate look zname by the Gaze Tracker software, and
these tags were used to extract the total timet$peking at each look zone. Onscreen and

offscreen time was distinguished using the dimersaf the stimulus monitor, and off screen
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gaze tracking was omitted from the analysis. Ttus proportion of looking time toward each
look zone was calculated based on sum total tintkedriook zone during the stimulus
presentation in relation to the onscreen time &ddkr the presentation of that slide.

Pupil size was continuously recorded in pixels, #eh converted from pixels to
millimeters based on an individualized accommoatetaztor. The accommodation factor was
based on the child’s distance from the eye camfedamm model pupil was placed at the same
distance as the child’s left eye, and the pixeligaliven by the ASL system was recorded. This
value was used to calculate the child’s individaaommodation factor, a scalar which was
multiplied by the pixel output for each child. Oisiag an individual accommodation factor was
important in the current study due to the wide eaafidistances from the camera and the use of
different seats based on the various sizes oframléfom age 2-13 years.

Pupil data traces were extracted from the Gaze®ramktput. Pupil traces in stimulus
slides were defined as uninterrupted spans of 5@@rwnger spent dwelling in a look zone.
Baseline slides did not have circumscribed lookespiso pupil traces were defined as any
continuous onscreen recording of 500ms or longapil Rrtifacts arising from blinks, loss of
tracking, partial closure of the eye, or suddeftsim posture were linearly interpolated.
Artifacts were identified in the data as jumpsimé recording that exceeded 10ms or a
difference in pupil size larger than 0.20 mm. Teaiceeluded in the final analysis comprissd
least500ms of continuous recording, and interpolated twas not permitted to exceed 500 ms
per trace (if the trace was over 500ms in lengttgonstitute 20% or more of the trace.

Phasic pupil size was based on the change in pizgilfrom baseline that occurred while
viewing the stimulus slide. Pupil size averagesensaiculated per stimulus slide and per

baseline slide. Overall tonic pupil size for eaabject was calculated based on the average of all
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baseline slides. Phasic pupil size was calculatseéd on the average change score for each
stimulus type. Pupil change scores were obtainestiimulus slides by subtracting the preceding
baseline pupil average from the pupil average efstimulus slide. If the preceding baseline
slide contained no pupil data, the previous basdlide was used. If the baseline pupil slide two
slides before the stimulus slide contained no datapupil difference was not calculated for that

stimulus slide due to insufficient comparison data.

Results

Tonic Pupil Size

The first objective in the investigation was teeatpt to replicate larger tonic pupil sizes
in children with ASD. A univariate ANCOVA testedrfdifferences in Average Tonic Pupil Size
in mm by Diagnosis. Because older children coulehraore developed eyes—and therefore
larger pupil sizes than younger children—Age in Msnwas included as a covariate. One
outlier was identified and eliminated from the ais&d (ASD,n = 1). The results showed no
effect of diagnosisi(*(1,32) = .239p = .628,1°= .032). The tonic pupil size means were
comparable between TDA(= 3.75,SD= .64) and ASDN! = 3.64,SD = .81) groups. Inferring
from the overall test of this sample, data frons #tudy replicated neither the larger tonic pupil
size reported in a sample of 2 to 5-year-olds Wb (Anderson & Colombo, 2008) nor the
smaller tonic pupil size in a sample of 3 to 15+yelds with ASD (Martineau et al., 2011).

Because the Average Tonic Pupil Size could haea Irfluenced by spillover effects
from the stimulus slides, baseline pupil measurasiaken during a 10s neutral gray slide at the
beginning of the testing session were also compaceuks groups. The short interstimulus

measurement periods (varying from 2s to 5s, avegagiss) may not have allowed sufficient
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time for pupil reactions to return to tonic actiietween stimulus slides, which would have
contaminated the tonic pupil average based onsitimeulus trials. The same analysis used
previously (i.e., univariate ANCOVA), was appliegthe First 10s Baseline measurement, but
again no differences were observed for diagnés{d,26) = .873p = .359,n%= .032, when Age

in Months was used as a covariate. Thus, mean pipilduring the first 10 seconds of recording
also showed no differences between the WD=(3.82,SD = .68) and ASDNI = 3.59,SD= .84)
groups. Children without adequate pupil measurestentFirst 10s Baseline (ASh,= 3) and
children who were outliers on this variable (ASDs 3; TD,n = 1) were not included in this
analysis. The non-significant results for the Fif@s Baseline lend increased confidence for the
null findings for average tonic pupil differencegbiagnosis (Figure 1).

The association between tonic pupil size and deapduc variables was examined to
better characterize sources of variance withinctpaipil measures. The wide age range of the
current sample was used to predict tonic pupil ®zeach diagnostic group, but there was no
linear relationship for either tonic pupil measwiéh age (bottps > .05). Neither tonic pupil
measure correlated with any of the standardizetesamr sub-scores for cognitive ability or
autism symptomology. Thus, the non-replicationhaf tonic pupil measures cannot be

adequately explained by trends in age, cognitivigyglor autism symptomology.
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Figure 1

Tonic Pupil Size by Diagnosis
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Note.Tonic pupil presented in means. Error bars reptestandard errors per group.

Phasic Pupil Response

Omnibus repeated measureslo investigate the phasic pupil response to sacidl
nonsocial stimuli, the average change in pupil 8izeeach image type was compared using a
repeated-measures ANOVA which included factorstoh@us Type (3: photo, figure, drawing)
and Sociality (2: social and nonsocial). Betweebjatts variables included Diagnosis and Age
Group (means presented in Table 3). Because th@\ANprocedure does not tolerate missing
cell values, some participants were excluded basedissing phasic pupil data in one or more
cells (ASD oldern = 2; ASD youngem = 5).

The results of the omnibus test found a compléraction between the variables of

interest and main effects for all variables exdepDiagnosis. A significant four-way interaction
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was found between Sociality, Stimulus Type, Diagmand Age Groug:2(1.960, 49.001) =
3.732,p = .032n = .130, which precluded straightforward interptietaof the main effects.
Sociality and Stimulus Type affected the mean pdifiérence within all subjects. Significant
differences were found for Socialit{(1, 25) = 6.166p = .020,n% = .198) and for Stimulus
Type F?(1.830, 45.750) = 4.83p,= .0151° = .162), but the interaction between Sociality and
Stimulus Type was not significarff{(1.960, 49.001) = 1.41Pp,= .252,1% = .054); therefore, the
within-subjects pupil reaction to social and nomabicnages did not vary depending on whether
the image was a photo, figure, or drawing. All otwéhin-subjects interactions were not
significant (allps > .05). Pairwise comparison of the marginal méanSociality showed that
social images elicited larger changbbk< .210,SE= .023) than nonsocial imagdd € .141,SE
=.023). Furthermore, pairwise comparison of Stimulype exhibited an unexpected pattern of
means among photokl(= .227,SE= .027), figuresNl = .132,SE= 0.23), and drawingsV{ =
.166,SE=.026). The relationship between these meansdatidorrespond linearly to the level
of image complexity. Rather, the differences witBtimulus Type appear to be driven by a
significant mean difference between photos and-éigp = .002), with drawings showing no
significant differences from either photos or figsi(bothps > .05). The finding of large
differences within subjects on photos and figurekheagh not between photos and drawings—
was unexpected and may indicate that the imaggaaés were qualitatively different from one

another in unintended ways.
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Table 3

Phasic Pupil Size for Each Stimu Type

TD ASD
All TD Younger Older All ASD Younger Older
n=18 n=11 n=7 n=11 n=6 n=5
Means

Photo 0.252 (.11) 0.2316(.13)  0.2841(.08) 0.2611(.27) 0.2245(.33) 0.305(.19)
Social Figure 0.1442 (.18)  0.1231(.17) 0.1773(.19) 0.2335(.14) 0.1771(.04) 0.3012(.20)
Drawing 0.1168(.19) 0.0841(.21) 0.1681(.17) 0.2081(.17) 0.0969(.10) 0.3415(.13)
Photo 0.1596 (.16)  0.1526(.12) 0.1705(.21) 0.2107 (.27) 0.0639(.20) 0.3868(.26)
Nonsocial Figure 0.0891(.14) 0.0704(.11) 0.1186(.18) 0.0384 (.19) -0.0366(.22) 0.1283(.10)
Drawing 0.0808 (.22)  -0.0294(.14) 0.2539(.21) 0.208(.25)  0.2046(.26) 0.2121(.27)

Note.Data are presented in means. Standard deviatiens parentheses. TD = typically
developing, ASD = autism spectrum disorder.

34



Figure 2
Phasic Pupil Size by Diagnosis and .

Panel A: TL Panel B: ASI

A

Note.Data presented as mea

The betweersubjects factordistinguished significargroup differences between olc
and younger childre(Age Group, but not between children with and without A (Diagnosis
effect,F%(1,25) = 1.851p = .18€, n° = .069). The main effect faxge Groupwas significant,
F?(1,25) = 11.317p = .002,n% = .312. The Age Diagnosis interaction effect was r
significant,p = .369 meaning that the effect ofiagnosis on pupilltanges does not differ w
Age, which coincides with tt a priori hypothesis. The older childref each diagnos tended
to have larger pupil dilatiorts the stimuli M = .237,SE= .028),than the younger childreM =
.114,SE=.024). Largepupil siz¢in older children was not a hypothesized outcoraé pught

be explained simply by gron and development of the eyes.
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Comparing Age Groups within Diagnosis.To clarify the interaction between
participant age and diagnosis obtained in the 44wigyaction, the sample was split by
diagnostic groups and analyzed with one-way ANOWAss the factor of Age Group. First,
pupil responses were considered for the TD groupaimel A of Figure 3. The older and younger
TD children did not respond differently to sociahauli of any type (photo, figure, or drawing),
nor did they respond differently to nonsocial plsoto nonsocial figures, ghs > .05. However,
nonsocial drawings elicited differential pupil resses depending on ag€(1, 9.618) = 10.216,

p = .01. That is, the younger group exhibited puapitstriction M = -.029,SE= .043) and the
older group exhibited pupil dilatiotM = .254,SE= .077). Nonsocial drawings of common
inanimate objects appear to elicit greater demandsognitive resources, or simply greater
interest, after the age of 7 years in TD childimprevious cross-sectional pupil study with a TD
population suggests that maturation of the autoogmivous system increases pupil responses
over the early life span (Karatekin, Marcus, & Cetys, 2007).

The ASD group was analyzed for effects of age upilpesponse to stimuli (Panel B,
Figure 1). Missing cell data precluded inclusiorsofme subjects for each analysis (younger,

3; older,n = 1). Children with ASD responded similarly irrestive of age to nonsocial figures
and drawings. However, the nonsocial photos etidieger pupil responses in the older children
(M = .397,SE= .094) than the younger childred & .129,SE= .074),F3(1, 10.261) = 5.01%
=.048. The responses to social photos and sagiakk did not differ depending on Age Group.
However, drawings of human faces appear to elreiaigr pupil responses from children with
ASD after age 7 year5>(1, 9.760) = 7.312% = .023. Older children responded with greater
dilation than younger children towards social draygi (olderM = .313,SE= .056; youngenv

=.127,SE= .040). This may indicate autonomic maturationiksir to that which takes place in
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TD children. Thus, children with ASD increase thauipil responses with age, especially to the
least complex social stimuli presented.

Comparing Stimulus Dimensions within Diagnosisindividual repeated measures one-
way ANOVAs (Age Group included as between-subjétsor) were performed for the ASD
group and the TD group to investigate the withibjsats interaction effect of Stimulus Type
and Sociality. Children in the ASD group were exled from the analysis if they did not have
values on one or more of the pupil response sdesesuded youngen = 5; excluded olden =
2). There were no significant effects or contra$tStimulus Type, Sociality, or Age Group on
phasic pupil size within the ASD groups(> .05). The absence of a pattern of could indicat
dysregulation of the ANS in children with ASD.

The repeated measures ANOVA for the TD group rexbtdie expected pattern of pupil
response to the stimulus types. The TD group shansgnificant effect of Stimulus Type on
phasic pupil differencd;?(1.698, 27.173) = 5.185,= .016,n> = .245. Moreover, the linear
contrast for Stimulus Type also yielded significeegults,F*(1, 16) = 6.019p = .026,1° = 273,
showing that the trend of dilation across varyieggels of complexity was approximately linear
(Panel A, Figure 3). However, the pairwise companssof each Stimulus Type were not
significant when alpha was corrected for familywesatrol of Type | error with Holm’s
Sequential Bonferroni Methody(= .167 for 3 comparisons; = .25 for two comparisons). The
pairwise comparison between photos and figuresnarginally significant ap = .017, which
would have indicated that the TD children dilatedrenoverall for photos than figures.
Furthermore, the pairwise comparison of photos diiwings is also marginally significamt=
.026, which again would have indicated larger psjés in response to photos than to drawings.

Age group also showed a significant main effééf1,16) = 5.429p = .0331?= .253, with
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older children’s pupils dilating to a greater extgvi = .195,SE= .030) than younger children’s
pupils M = .105,SE= .024). However, there was not a significantriatéon between Age
Group, Sociality, and Stimulus Type, meaning thatdifferential response to nonsocial
drawings between age groups does not constitigparate looking trend within the TD group (

= .276). There was not an effect of Socialfy>(.05) or any combination of interactions.

Figure 3

Stimulus Type by Age and Diagnosis

Panel A: TD Panel B: ASD
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E 0.35 E 0.35 +—
< 0.3 < 0.3
o 0.25 o 0.25
c 0.2 - ~ c 0.2
£ 0.15 N —e—Younger £ 0.15 _w —&—Younger
= 0.1 \ = 0.1
o 0.05 Older o 0.05 Y Older
0 T T 1 0 T T 1
° o o o 5 O
\\6@ Q?Q’ $\<‘°" \06‘0 @i*e @(‘Q"
] < Q"'b R < Q@

Note Data presented in means collapsed over Sociality.

The within-group findings for the TD children inspgonse to different stimuli types
partially supported predictions that children worgddpond with a larger pupil size to photos
compared to drawings, and that pupil responseguoes will be somewhere in the middle.
However, the prediction that children will respomith more dilation to social stimuli than to
nonsocial stimuli was not supported for either diagjic group. Overall, the evidence from the
within-group analysis supports the theory of ineezhdysregulation in children with ASD.

Standardized test correlations with phasic pupil diferences.Pearson correlations

(two-tailed) were obtained for the association lestwthe phasic pupil responses with composite
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standardized test scores for intelligence (the &u#dnd the Stanford Binet) and standard scales
of autism symptoms (the ADOS and the SRS). Witbvadxceptions, correlations did not attain
significance. In the TD group, none of the corrielad with cognitive assessment composite
scores (CS) were significant. For the ASD group,hpil response to the social photo stimulus
was strongly and positively correlated with €8,2) = .676)p = .008. Social photo pupil
response was negatively correlated with ADOS Comaeation,r(13) = -.622p = .013, and
ADOS Total,r(13) = -.579p = .024. Thus, higher severity of ASD symptoms associated

with smaller pupillary response to these imagegiagimg cognitive effort in passive viewing of
social photos appears to increase with CS and asengith autism severity, specifically in the
domain of communication impairment. The correlati@tween nonsocial drawing pupil
difference and ADOS Communication was also negat{l) = -.569p = .034. The negative
association between communication impairment aga@ement with nonsocial drawings in the
ASD group is interesting given the increased engege with nonsocial drawings over age in

TD children.

Scanning Measures

Omnibus repeated measuresThe proportion of looking time at the social amhsocial
images was examined with a repeated measures ANi@dAler to determine whether social
looking was reduced in children with ASD. The wittgubject levels were Stimulus Type
(3:photo, figure, and drawing) and Sociality (2iaband nonsocial). Between subjects, the Age
Group and Diagnosis were compared. TD childrenrfmachissing data for looking proportion
measurement, but some children with ASD were miskiaking proportions for one or more

stimulus types, and were not included in this asialyASD youngem = 2; ASD oldern = 2).

39



The omnibus repeated measures test producedisagnitfwo-way interaction and two
main effects on the variables not involved with ititeraction. The interaction between Age and
Stimulus Type was significarf’(1.593, 44.609) = 3.924,= .0351 = .123, although the main
effects of each variable involved were not siguifit(bothps > .05). The within-subjects
omnibus analysis yielded a significant main effectSociality, F*(1,28) = 10.112p = .004,1? =
.265, but the interaction between Sociality andh8lus Type was not significant. Thus, the time
spent looking at social and nonsocial images didzany based on the image type. Pooling all
subjects, social images garnered a greater propasfilooking timeM = .876,SE= .024, than
nonsocial imagedvl = .818,SE=.027, (Figure 5). The interaction between Sdagial Diagnosis
x Age Group was not significarfE}(1,28) = .832p = .370,n? = .029. As such, the prediction
that older children with ASD would show a lookinigné pattern of avoidance specific to social

images was not supported.

Table 4

Proportion of Time spent on Stimuli

TD ASD
AllTD Younger Older All ASD Younger Older
n=18 n=11 n=7 n=14 n=9 n=>5
Means

S Photo 943 (.59) .937(.07) .953(.49) 793 (.17) .770(.18)  .834(.15)
S Figure .936 (.07) .918(.09) .963(.04) 794 (.21) .767(.20)  .842(.23)
S Drawing 932 (.11) .910(.14) .965(.04) .802 (.26) .748(.29) .899(.17)
NS Photo .905 (.10) .904 (.10) .908 (.10) 714 (.19) .690(.17) .757(.24)
NS Figure 907 (.11) .909(.11) .903(.13) .751(.21) .708 (.20)  .829(.23)

NS Drawing  .879(.18) .851(.22) .923(.10) 679 (.29) .587(.32) .844(.12)

Note Data presented in means. Standard Deviationsmessin parentheses. TD = typically
developing, ASD = autism spectrum disorder. S Fadatimuli. NS = nonsocial stimuli.

40



Examination of between-subjects effects revealatibiagnosis, but not Age Group, had
a significant effect on looking time to all stimulihat is, an effect of Diagnosis was significant
for all looking proportionsE*(1, 28) = 9.178p = .0051° = .247. Children with ASD looked at
all stimuli for a smaller proportiom = .773,SE= .037, of their tracked onscreen time than the
TD children,M = .920,SE= .037, (Figure 6). This finding contrasts witlkeyious research in
our lab that showed no visual scanning differefie#a/een children ages 2- 5 years with ASD
and TD children. Developmental changes in attertiiastimuli were not supported, as the effect
of Age Group E*(1,28) = 2.500p > .1,n” = .082) and all associated interactions failetetizh
significance (alps > .025).

Age Group by Stimulus Type Interaction.In order to explore the effect of stimulus
type within each age group, the patterns of lookirgportion toward each type (collapsed on
Sociality) was examined separately within each Sgeup (collapsed on Diagnosis) with two
repeated-measures ANOVAs. Neither Age Group yiekigdificant looking trends based on
Stimulus Typep’s > .05.

The between Age Group differences on each Stimiype were compared in separate
univariate ANOVAs. Looking proportions toward eg&timulus Type did not differ by agp®6
> .05). Upon further investigation, the interactlmetween Age and Stimulus Type appears

somewhat spurious (Figure 4).
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Figure 4
Age by Stimulus Type Interaction for Looking Pramor
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Figure 5

Main Effect of Sociality on Looking Proportion
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Figure 6

Main Effect of Diagnosis on Looking Proport
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developing, ASD = autism spectrum disorder. Eranslyepresent standard error per group.
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Standardized test correlations with proportion of boking time. Pearson correlations
(two-way) were computed for the relationships bemvoking proportions to stimuli and
standard composite scores of cognitive ability (thélen and the Stanford Binet) and scales of
autism severity (ADOS and SRS). All pairs of valeglrendered nonsignificant correlations
unless discussed further here. For the TD grouptaradardized test scores correlated with
looking proportions. For children with ASD, the sdghoto looking proportion was negatively
correlated with ADOS Social InteractiorfX5] = -.505,p = .039), ADOS Communicatiom[{5]
=-576,p=.016), and Total ADOS[{L5] = -.603,p = .010). Social photo looking was
positively correlated with C$(14) = .569p = .021. Social figure looking proportion was
significantly negatively correlated with ADOS Commnication ¢[16] = -.603 p=.008), and
Total ADOS ¢[16] = -.559,p = .016). Looking to social figures was positivetyrrelated with
CS,r(15) = .550 p=.022. Taken together, longer looking times tahsocial stimuli in the
ASD group are associated with lower impairmentrenADOS and higher CS scores. Sustained
looking toward more detailed social images miglatndon attentional resources that are
impaired in ASD, yet essential to performance amdard tests of mental ability.

Correlations with looking proportion and pupil response.To assess the potential
relationship between looking time and pupil activitvo-way Pearson correlations were
calculated between the proportional looking timeaech type of stimulus and the corresponding
pupil change for that type of image. For the TDugrathere were no significant correlations
between the proportions of time spent looking ain@age and the concurrent pupil responses to
that image. For the ASD group, looking time andiprgsponse was positively correlated for
only one image type, social photos (r[13] = .574, 925). This correlation may indicate that

when children with ASD looked longer at social pimtthey also tended to engage in more
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active processing of the image. Conversely, greaterest in social photos might have led

children with ASD to look at them longer.

Internal Feature Scanning

Omnibus repeated measured.ooking time to the internal features of the fages of
particular interest to the current investigatiamglsthat an Age Group effect on scanning internal
features would support a specific developmental A&ibing profile. A repeated-measures
ANOVA incorporated 2 levels of look zone (interf@htures and external features) and 3 levels
of Stimulus Type (photo, figure, and drawing), widlagnosis and Age Group as between-
subjects factors. There were 3 subjects with ASD hdd missing data for one or more of the
look zones, so they were unable to be incorporatedhe analysis (ASD younger= 3).

The within-subjects indicated that all childrenked longer at the features than to the
external features area, but that the relationseipréen looking proportion to internal features
and external features differs by diagnostic grdupook Zone x Diagnosis interaction was
significant,F[1,29] = 5.194p = .032,n% = .152. A closer examination of the mean diffeemnc
showed that TD children looked longer at the ind&featuresl = .479,SE=.015) than the
children with ASD M = .408,SE=.016), but that the trend for the external fezguook zone
was the opposite—the TD children actually lookethat area slightly less = .234,SE= .030)
than the children with ASDV = .290,SE= .033). The reversal of this trend makes sensaein
context of these variables—the internal featurestha external features look zones were
mutually exclusive and presented simultaneouslg,thns competed for attention (Figure 7).
Therefore, greater proportional onscreen time slpeking at the internal features would be

expected to have a somewhat negative relationsitipl@oking proportion toward the external
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features of the head. The within-subjects analyisisled significant effect of look zonE/(1,

29) = 46.952p < .001,1% = .618. Children looked longer at the internattdees M = .622,SE=
.034) than at the external featurbs%£ .265,SE=.021). Diagnosis was significant as a between-
subjects factorR’[1,29] = 10.282p = .003,n* = .262). This differential trend in looking toward
the internal features of the face was not acconaghllny significant main effects of Stimulus

Type or Age Groupps > .1) and as such constitutes a generalizedmespo face stimuli.

Figure 7

Features Scanning by Diagnosis Interac
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Note.Results are presented in means collapsed over Aggp@&nd Stimulus Type. TD =
typically developing, ASD = autism spectrum disardeternal Features and External features
refer to look zones on the face stimuli.

Comparing look zones between Diagnosigwo follow-up repeated-measures
ANOVAs explored the internal features and head Ilbmkes collapsed across stimulus type with
Diagnosis as the sole factor (Table 4). The Featanalysis showed that looking time to the

internal features of the face differed by diagndsiél,32) = 10.356p = .0031? = .244, with

TD children M = .720,SE= .047) looking longer than children with ASBI & .500,SE= .050).
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The proportion of looking towards the external feas was not significantly different by
Diagnosis § > .1).

Look zone effects within DiagnosisA repeated measures ANOVA was performed for
each diagnostic group separately to determine venditie difference between the internal
features and external features look zone variedinvihe group. Within the TD group € 18),
proportional looking time to each look zone was8igantly different,F(1,17) = 49.533p <
.001,1? = .744. The mean looking proportion to internatéges ¥ = .720,SD= .17) within the
TD group was larger than the mean looking proportethe head\M = .233,SD = .13). For the
ASD group (i = 15), the difference between the internal featurg external features look zone
was also significanf(1,14) = 9.691p = .008,1n = .409. This indicates that the mean looking
proportion to the internal features look zove=£ .526,SD = .21) was larger than the mean
looking proportion to the external features looke@M = .291,SD=.10). Taken with the
between-group analysis of looking proportion tocsig@look zones, the interaction effect in the
omnibus test might indicate that although mosteftime looking onscreen is spent in the
internal features look zone in both diagnostic ggguhe TD children spend much more time in
the internal features look zone than the childrégh WSD. Because these look zones are non-
overlapping areas presented at the same timectmapete for attention in such a way that the
shorter amount of time children with ASD spenthe tnternal features look zone would be
expected to accompany a complementary increa$e iproportional amount of time spent

looking at the external features look zone.

Discussion
The goal of the current study was to incorporateselopmental perspective into

previous work on the autonomic responses of childvith ASD, and to determine whether
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responses varied to different types of social irsaagel their attention to these images. Social
and nonsocial images were varied categorically tpd)digures, and drawings) so that the effect
of stimulus detail on processing could be asse§dw®zl predictions of this study were formed
based on previous research that suggested diff@remadels of arousal for children with ASD
and TD children, which may have had downstreanceffen looking times at older ages of
children with ASD. First, children with ASD wereegglicted to show baseline, or tonic,
dysregulation of the autonomic nervous system, whis been reported to be manifest in larger
tonic pupil sizes and higher amplitude on otherchsyphysiological measures (Anderson &
Colombo, 2008; Chang et al., 2012). The secondigiren involved phasic pupil reactions to
stimuli. Such phasic reactions are taken to reresognitive effort; phasic pupil size has also
been reported to be dysregulated in children wiibAcompared to TD, when viewing social
stimuli (Anderson, Colombo, & Shaddy, 2006). Phasgponses were used in the current study
to investigate the demands of stimuli at variowgle of detail (i.e. photos, figures, and drawings
of faces and objects). Previous studies with redhaegail images, like cartoon and avatar faces,
showed that individuals with ASD responded simylad TD children in eye-tracking (van der
Geest et al., 2002) and face-inversion paradignsg&tt et al., 2010). Given that reactions to
real faces vary in children with ASD, this suggehktt the level of image detail may hold a clue
to processing deficits in ASD; such simpler stinmight not elicit atypical levels of arousal, and
predicts that divergence from TD children mightrease with the level of complexity or realism
of facial stimuli. Furthermore, a developmentahttenay be present in ASD to scan faces less
(see Falck-Ytter & von Hofsten 2010 for a reviestydies with younger ASD samples tend to
find few differences in face scanning, whereas @oce of internal features and eye regions

was found in older populations with ASD. Accordingve predicted that young children with
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ASD would not differ from TD children in scanningdes, and that differences would emerge as
ASD children approached adolescence. This wascéagbéo occur concurrently with phasic
pupil dysregulation in response to social stimulit not necessarily to nonsocial stimuli.

The current study yielded the following findingsesgiic to ASD: (a) children with ASD
showed larger pupil responses to social drawinglkerolder age group (b) there was no
monotonic relationship between pupil dilation aedel of social stimulus detail for children
with ASD as was observed in TD children, (c) oldeitdren with ASD exhibited pupil dilation
to social drawings to a greater extent than younbadren with ASD, (d) children with ASD
showed shorter proportion of time onscreen tra¢&esbcial, nonsocial, and internal face
features look zones compared to TD children, irespe of age, and (e) children with ASD
showed shorter looking times to nonsocial imagas th social images, while TD children show
no difference in looking times.

The results do not replicate previous studies frloensame lab, which found no scanning
differences for children ages 2 to 5 years with A@Rderson, Colombo, & Shaddy, 2006) and
larger tonic pupil size in children with ASD (Anden & Colombo, 2008). The current results
do not support the hypotheses forwarded in thedlutction, but they are somewhat consistent
with the notion that children with ASD exhibit antumic dysregulation that may be reflected by
measures of pupil size. Furthermore, children \8D generally spend less time examining
stimuli than TD children, but when children with B@lo examine stimuli, they look at social

images longer than nonsocial images.
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Tonic Pupil

Tonic pupil size indicated no baseline autononysregulation in children with ASD
from the ages of 2 to 13 years. Furthermore, neitieasure of tonic pupil size was significantly
associated with age, standardized assessmentgrafige ability, or severity of autism
symptoms. Previous investigations of tonic pugésin children with ASD found tonic
dysregulation of the pupillary system in differéight conditions in age- and CS-matched
samples of children with ASD in toddlers and adodess (Anderson & Colombo, 2008;
Martineau et al., 2011). Comparing the currentystodhese investigations, several reasons
stand out for accounting for this non-replicatibirst, the short interstimulus intervals could
have allowed a spillover effect of the stimuli tmtaminate the overall average baseline pupil,
although diagnostic group differences were not nleskduring the first 10s of baseline pupil
measurements. Second, the lack of CS-matching batdiagnostic groups in the current study
could have allowed greater heterogeneity of meatidities in the ASD group to interfere with
obtaining valid comparison of tonic pupil size haligh neither of the tonic pupil size measures
correlated with either measure of CS, nor are tomeasures predicted by CS. Third, the current
study encompasses a wide range of ages as oppogedrtarrow, young age range in Anderson
& Colombo (2009). The current sample comprises @nthildren with ASD in the 2 — 5 year
age range, whereas the previous study used 9 ehildith ASD. Therefore, this study might not
have had sufficient power, at least within youngatdren, to yield significant tonic pupil
differences. However, these findings imply thatd¢goupil differences may not represent a
systemic facet of the ASD phenotype at all agesvatidn lab-controlled contexts. More work is
necessary to decipher the nature of baseline antioraysregulation in children with ASD. At
the present time, tonic pupil response cannot beidered a systemic indicator of ASD.
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Phasic Pupil

The phasic pupil findings are in general accordhlie hypothesis of autonomic
dysregulation in ASD, but they do not replicate $pecific previous findings of smaller phasic
pupil changes toward social images. Children wigDApresented autonomic dysregulation in a
less systematic way in the current study. Therewerpupil response differences between
diagnostic groups, which is consistent with Mardinet al’'s.(2011) finding using a pupil wave-
form analysis showing no group differences betw&8b, CA-matched and CS-matched
groups. Furthermore, group differences on phaguil pesponses have been known to vary in
direction depending on the ecological validity leé tstimulus, with ASD pupil dilation in
response to videos (Anderson, 2010) and constnictisesponse to static photos (Anderson,
Colombo, & Shaddy, 2006). Therefore, the directbphasic pupil differences in ASD might be
more labile than indicated by previous findingseTurrent study limited analysis to differences
in average responses toward stimulus slides wheypared with the preceding baseline average;
however, an analysis of pupil wave forms througtibatentire viewing of the stimulus slide
may be warranted. Such an analysis would indicéether divergent average findings actually
reflect more extreme amplitudes of pupillary resggoim children with ASD, as hypothesized by
Intense World Syndrome (Markram & Markram, 2010).

Monotonically increasing pupil sizes were foundr'd children in response to social
drawings, social figures, and social photos. Thegf@up responded to increasing level of
stimulus demands with increased pupil size, inthgaéngagement with the social stimuli.
Children with ASD, however, exhibited no such tréodsocial or nonsocial stimuli. As such,
children with ASD show no evidence of recruitingyndive resources to process stimuli of
increasing complexity and social salience. Altekedy, increasing visual realism of the stimuli
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did not appear to capture increasing interestenA8D sample as it did in the TD sample. This
different pattern of response to stimulus type imigocial stimuli mirrors the lack of sensitivity
to face gaze direction found by Sapeta et al. (ROi2hildren from ages 8 — 18 years with ASD.
Children with ASD engage no more or less with a&fdae to its graphic representation, although
this pupil evidence does not preclude the possititiiat children with ASD employ different
processing styles with each type of face (e.g.figoral processing of internal features with
drawings, as implied in Rossett et al., 2008). Thlysregulation apparent in ASD processing of
different types of social stimuli may stem from@tal strategies for processing faces that
require less cognitive effort. Furthermore, theelation between phasic social photo response
and CS for the ASD group supports the position @&tmatching would have helped this
work’s consistency with phasic pupil results froor tab.

Tonic pupil size analyses did not provide evideimceesting state autonomic
dysregulation in children with ASD, but the compgartary dynamics of tonic pupil size with
phasic pupil size throughout the session may hghtae this discrepancy. A somewhat
complementary relationship exists between tonidlmige and phasic pupil response as a
function of the subject’s control state, that e subject’s level of engagement with the task as
time passes (Aston-Jones & Cohen, 2005; GilzeNiatywenhuis, Jepma & Cohen, 2010,
Laeng, Sirois, & Gredeback, 2012). Decreasing tdidiky and an attentional shift towards
exploration of other sources of reward produceseages in tonic pupil diameter. Conversely,
increased phasic reactions to stimuli indicate &asfagement (Gilzenrat et al., 2010). In the
current study, children with ASD exhibited typi¢ahic pupil sizes and typical levels of phasic
pupil reaction in response to all stimuli. Accomglito theories of the locus coeruleus-

norepinephrine system and its effect on attentioa children in the current study remained in
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phasic mode of locus coeruleus activity and didemtér a state of diffuse heightened arousal,
which would lead to higher tonic pupil measurememd smaller phasic changes in pupil size
(Laeng, Sirois, & Gredeback, 2012). The variatibstonuli types in the current study may have
been sufficiently interesting to the ASD groupslalso possible that the stimulus exposure time
of 5s might have captured atypical orienting resesrtoward the stimuli, as endogenous
orienting may be a deficit in ASD (Ames & Fletchatatson, 2010), particularly to social stimuli
(Dawson, Meltzoff, Osterling, Rinaldi, & Brown, 18P Alternatively, children with ASD may
have looked away from the stimuli sooner than Tildcén, as Nakano et al. (2010) found.
Longer exposures to stimuli might result in smatfexan phasic pupil differences due to
increased attentional demands with little compeargatward, which may be more likely to
elicit disengagement from social stimuli (e.g., 1% exposure time in Anderson, Colombo, &
Shaddy, 2006).

Maturational effects on cognitive resource recreittrmight help explain the age effects
of phasic pupil size within diagnostic groups. @rein in the older ASD group responded to
social drawings and nonsocial photo with more difathan their younger counterparts, an effect
that is mirrored in the older TD group with nonsbdrawings. Recruitment of additional
cognitive resources (Karatekin, Marcus, & Coupe@®)7) later in childhood may indicate that
the drawing stimuli are differentially salient tier and younger children. Moreover, the
development of this response appears not to cterelith either of the standard tests of
cognitive ability or the autism severity scalesefidiore, more work is necessary to establish
how the phasic pupil response to simplistic scamn nonsocial stimuli is related to personal

salience and general access to cognitive resources.
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Looking Time Proportion

General attention deficits in ASD are supportedimaller proportions of looking toward
all stimuli in the ASD group. Although deficits some aspects of attention have been reported
for children with ASD (e.g., Keehn, Muller, & Towarsd, 2013; Sasson et al., 2008), deficits in
attention measured with eye tracking are usualiydbin social stimuli of sufficient complexity
(e.g. real-time bids for social interaction in Jen€arr, & Klin, 2008) rather than in static,
reduced-detail stimuli. Thus, the current findingsaunexpected and did not replicate similar
studies that found no scanning differences foicstatages (e.g., Speer, Cook, McMahon, &
Clark, 2007; Kemner, Van der Geest, Verbaten, & Zageland, 2007). Children with ASD
looked longer at social stimuli than they lookeshansocial stimuli, but both social and
nonsocial looking proportions were significantlyatar than TD looking proportions. This
looking pattern in ASD is similar to Hernandez let(2009) which found that adolescents and
adults with ASD looked at the eyes more than thekéd at other parts of social stimuli, but
still did not examine faces for the same amourtino¢ or in the same way as TD controls.

These findings suggest that children with ASD naimgd attention to social images
longer than they maintained attention to nonsaoiages. Such increases in attention to social
photos and social figures are associated withdegsre scores on the ADOS, and they also
coincide with higher CS. These relationships indheent study may explain why previous with
CS-matched samples reported no scanning differg@eeierson, Colombo, & Shaddy, 2006).
Scanning differences might have been uncoveretidgurrent study’s larger sample size and
wider age range, although scanning effects weréauntd to be particular to the older age group.

Furthermore, even if the prediction of reduced aogtanning in the older ASD group were
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found in the current study, the singular interpiietaof such results would be complicated by the
wide range of CS and its correlations with sodi@hsli scanning.

A positive correlation between social photo phasipil response and social photo
looking proportion suggest that visual attentiomamnplex social images is in some way
modulated by arousal. Although a causal argumemiaizbe made from the current analysis,
this result does suggest that children with ASD s1@gnd more time examining realistic faces
that they find more appealing, as indexed by pdifation. Alternatively, children who engage
with complex images of faces may choose to spené thme exploring them. This relationship
was unique to social photos, suggesting that naalsoicless complex stimuli are in some way
insufficient to produce such coordination in thieational and autonomic systems. Additional
studies with more careful planning and manipulabbonomplex face images might be helpful to

understand this concerted looking and pupil respons

Internal Features and Head Look zone Proportional Tme

Looking proportion to internal features was consédeas a subset of the looking
proportion analysis because of its potential refeghip with age in the ASD group—that is,
looking away from social stimuli was hypothesizedée a developmental characteristic of the
ASD group that was preceded by autonomic dysreigulatiowever, age effects for looking
proportion to the internal features and externalufees were not found for children with ASD.
Children with ASD spent less time in proportiortheir onscreen time in the internal features
look zone than the TD children. However, the tirperd looking at external features was not
different across diagnostic groups. Within groups, internal features were preferentially

attended to by children with ASD much like they véor TD children. Lack of preferential
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attention in ASD to internal features is commordyrid for children in middle or late childhood,
adolescents, and adults (see Falck-Ytter & von tdafs2011 for a review). However,
preferential attention to internal features ovdemal features was observed irrespective of age
group in the current study. One may argue thairttieision of simplistic faces may have
influenced the attention to internal features bkimgthem more appealing to children with
ASD. However, diagnostic group differences betwsténuli types in attention to internal
features were not found by the omnibus test. Tthgsprediction that scanning differences to
internal features would only be present in oldeldcén with ASD in response to more complex

social stimuli is not supported.

Conclusions and Limitations

The results of this study indicate that previomsliings of dysregulation in tonic pupil
size and phasic pupil size may be less systemicphaviously theorized, and should be pursued
in unique ways to characterize ANS function in dreh with ASD and its relation to social
attention. The current study explored pupil reaxgito various levels of visual complexity in
static social and nonsocial stimuli, which reveadadithin-group monotonic trend for TD phasic
pupil reactions to social stimuli. The ASD group diot show monotonically increasing pupil
dilations toward stimulus types of increasing ddtdiawings, figures, and photos), indicating
that visual complexity does not recruit resourcethe same way that it does in TD children. The
existence of an alternative configuration of thtbaomic system in ASD is further supported by
the strong correlation between phasic pupil respamsl looking proportion to social photos.
This relationship suggests that for complex, sdaages, attention and pupil responses are
linked. Because both pupil and looking proportitowsard social photos are negatively

correlated with autism severity and positively etated with CS, modulation of these
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underlying systems as related to ASD outcomes ghmeiexplored further. The hypothesized
developmental relationship between tonic autonaiggregulation and eventual reduction in
gaze toward faces in late childhood was not supgdoth fact, children with ASD spent a greater
proportion of onscreen time looking at social inege opposed to nonsocial images, an effect
which did not change with age. Children with ASBaatlisplayed preferential looking to internal
features of the face, but to a less extreme defesefound in TD children.

Several limitations of the current study shoutdaoldressed in future investigations.
Group matching by CS would lend greater credibtiityindings, and ensure that potential CS
influence on responses to complex social stimuilbeen effectively controlled across groups.
Moreover, an improved design would also offer iretegent chronological age-match and
mental-age-match groups, and include both gen8exond, the regulation of the autonomic
nervous system was indexed by tonic and phasid pizgi alone. In future studies, more than
one psychophysiological system should be measurealsaline and in reaction to the stimuli,
such as respiratory sinus arrhythmia or skin cotathee. Third, the use of mean differences to
examine pupil changes in response to stimulus mfasmative, but was unable to detect tonic
pupil differences between the TD and ASD groupghHrequency data from sources such as
continuous pupillometry can be analyzed as a tienes to explore the characteristics of ASD
regulation of the ANS in real time, which may reM@ifferences in moment-to-moment
modulation of pupil size. For example, Schoen, &djIBrett-Green, and Hepburn (2008)
measured electrodermal activity in response taedasensory stimulation, and distinguished two
groups of children with ASD based on skin conductdevel (i.e., high arousal and low
arousal). Pupil data embedded in time would alkwalor causal inferences to be made about

pupil responses before, during, and after entexilupk zone.
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Footnotes
1. Tonic univariate analyses: Levene’s test of éyuaf error variances passes for dependent
variables; homogeneity of variance test passegfitre, no adjustments made to degrees of
freedom or critical alpha level.
2. Phasic repeated-measures omnibus ANOVA: Pagsés Bl test of equality of covariance
matrices between groups; Levene’s test of equafigrror variances showed one or more
violations for the dependent variables, so unitar@mparisons must be interpreted cautiously;
Mauchley’s sphericity test passed, but the Greesd@ieisser adjusted degrees of freedom were
used for consistency.
3. One-way ANOVA: the Welch-adjusted robust statistas reported because it does not
assume homogeneity of variance between groups.
4. Box’s M test of equality of covariance matricetween groups fails; Mauchley’s sphericity
test fails—the Greenhouse-Geisser adjusted degfée=edom were used to compensate.
Levene’s test of equality of error variances waated by one or more dependent variables—
the multivariate comparisons are reported with Wilkambda.
5. The younger age group violates Mauchley’s téspbericity. Greenhouse-Geisser adjusted
degrees of freedom are used with both groups.
6. All Levene’s tests of equality of error varianzassed.
7. Box’s M test of equality of covariance matricegween groups fails; Mauchley’s sphericity
test fails—the Greenhouse-Geisser adjusted degfdeedom were used to compensate. All
dependent variables passed Levene’s test of egodkrror variances.

8. Levene’s test of equality of error variancesspador all dependent variables.
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Appendix A: Recruitment Letter

THE UNIVERSITY OF

KANSAS

Dear Parents:

Autism is a neurological disorder that affects social development and communication.
Eye movements and pupil measurements have been used to determine how people
with autism respond to human faces, but the developmental path of these eye
responses is still uncertain. This research project will study how pupil responses and
face scanning patterns change from toddlerhood into late childhood in order to better
characterize these responses in autism.

Who may participate in this project?

We are looking for 2 to 13 year-old children who (a) have a diagnosis of Autistic
Disorder, Asperger’s syndrome, or PDD-NOS  OR (b) are typically-developing
children . In order to participate, the children must not have any neurological disorders
(other than autism, Asperger’s, or PDD-NOS) or serious health problems such as heart
disease. Children with hearing or vision difficulties should have corrected hearing or
vision, as with hearing aids or glasses. Children should not be chronically taking any
medications, prescription or over-the-counter, although multivitamins are acceptable.

What type of activity will my child participate in?

Each child will be seen at our Lawrence laboratory for one session. During this session,
your child will be secured into an age appropriate seat and shown a series of images,
including photos, figurines, and drawings of both human faces and common objects. As
your child views the screen, his or her pupil diameter and eye movements will be
recorded using an eye-tracking camera. Nothing will be attached to your child. When
the visual task is completed, a standardized test of intelligence will be administered, as
well as a standard assessment for autism (administered to all children, even typically
developing children). The autism assessment will consist of free play with toys and
informal conversation.

How long will these activities take?
The session should take approximately 2 hours to complete.

Will we be reimbursed for time and travel?
YES. You will be given $20 at the appointment for time and travel.

How do | sign up for participation?

If you are interested in participating in this research project or if you have questions,
please contact us directly via phone (785) 312-5345, e-mail autismlab@ku.edu, or
through our secured website http://1si.ku.edu/labs/neurocognitive lab/
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We hope that you consider participation.

Sincerely,

Sara M. Obermeier, Graduate Student
Christa J. Anderson, Ph.D.

John Colombo, Ph.D.

The University of Kansas
Schiefelbusch Life Span Institute
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Appendix B: Pull-tab flyer

Neurocognitive Development of

THE UNIVERSITY OF

KANSAS

Dear Parent(s)

Autism is a neurological disorder that affects social development and communication. Eye movements
and pupil measurements have been used to determine how people with autism respond to human faces,
but the developmental path of these eye responses is still uncertain. This research project will study how
pupil responses and face scanning patterns change from toddlerhood into late childhood in order to better
characterize these responses in autism.

Who may participate in this project?

We are looking for 2 to 13 year-old boys who (a) have a diagnosis of Autistic Disorder, Asperger’s
syndrome, or PDD-NOS OR (b) who are typically-developing children . In order to participate, the
children must not have any neurological disorders (other than autism, Asperger’s, or PDD-NOS) or
serious health problems such as heart disease. Children with hearing or vision difficulties should have
corrected hearing or vision, as with hearing aids or glasses. Children should not be chronically taking any
medications, prescription or over-the-counter, although multivitamins are acceptable.

What type of activity will my child participate in?

Each child will be seen at our Lawrence laboratory for one session. During this session, your child’s pupil
size will be measured twice using two devices. First we use a hand-held device that is placed over their
left eye. Second we use an eye-tracking system which measures pupil size through a small camera in
front of the computer screen. The purpose of this is to ensure we can successfully obtain an accurate
pupil size with the hand-held device because it is more practical for use in pediatrician and diagnostic
clinics. There is no pain associated with either procedure. During the procedure, your child will be
secured into an age appropriate seat.

Then, they will be shown a series of images, including photos, figurines, and drawings of both human
faces and common objects. As your child views the screen, his or her pupil diameter and eye movements
will be recorded using an eye-tracking camera. Nothing will be attached to your child.

When the visual task is completed, a standardized test of intelligence will be administered, as well as a
standard assessment for autism (administered to all children, even typically-developing children). The
autism assessment will consist of free play with toys and informal conversation.

How long will these activities take?
The session should take approximately 2 hours to complete.

Will we be reimbursed for time and travel?
YES. You will be given $20 at the appointment for time and travel.

How do I sign up for participation?
If you are interested in participating in this research project or if you have questions, please contact us
directly via phone

(785) 864-6485 or e-mail autismlab@ku.edu.
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ion,

We sincerely hope that you will consider participat

ista J. Anderson, Ph.D. & John Colombo, Ph.D.

Sara M. Obermeier, Graduate Research Assistant, Chr
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Appendix C: Phone Script

Phone Script for Calling Parents for Sara’s MA

Tips:

1. Keep the autismlab calendar open

2. Have the exclusion criteria and study informatiamdhy!

3. Keep track of who answers, who you must call badiq you've left a message with,
and whose phone has been disconnected, etc. Thigoda the “Call Notes” column of
the emails tab of the SMOMA Recruitment spreadsheet

4. Call about 20-25 people at a time. Call duringdbg or in the evening before 7pm.

If they answer:

Hello, my name is from the KU Neurocognitidevelopment of Autism Lab. Is (mom
or dad’s name, whatever we have) available? [Itlwe’t have a name, just launch into the next
part]

If yes: Our lab sent you an email earlier this week. Wecareently conducting several studies
that you may be interested in whlysfrom age 2 to 13. Would you and your child berieséed
in participating in a research study sometime shimmer to help children with autism?

If yes: Great! For our research this summer, we are usiadracking to measure eye
movements and pupil size in response to picturgeople and common objects. We will
need to make one 2-hour appointment at our Lawrkaceatory where we will do eye
tracking and standardized assessments. There isdb@fensation for time and travel,
and we can schedule any time that works for yoanewenings and weekends. Would
you like to schedule an appointment for your child?

If yes: [Schedule on autismlab calendar and send inwat&ata and Christa and
any students who might be interested. Use the E{imaal Contact template to
determine if they meet any exclusion criteria. @fgh must be medication free
for 48 hours prior to the appointment. Enter in SMI®Recruitment spreadsheet
and create a folder for the child.]

If no: That's alright—would you like us to keep your casttenformation on file so that
we can let you know about future research opparasi

If the person we ask for is not availableThank you for letting me know. Is there a betieret
to call back, or would you be able to take a mes$ag(her/him)? [Go through the basic
information in the message script and/or recordithe that would be best to call them back,
and call them back later or find someone who]drank you for your time (sir or ma’am) and
have a nice day!
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Regardless of outcomeThank you for your time (sir or ma’am). Have aenic
day!

If the parent does not answer and you get the maae:

Hello, 'm __ from the KU Neurocognitive Developnt of Autism Research Lab, and | am
calling about some of our summer research thanygit be interested in. We sent you an email
earlier this week talking about a few studies vhitlys between the ages of 2 to 13. Your
appointment would be a single two-hour appointna¢mur Lawrence laboratory, and there is
compensation for time and travel, and we can sdeeahy time that works for you. If you are
interested in participating or if you have any diggss, you can contact us at (785) 864-6485 or
atautismlab@ku.eduf you would like your information to be remov&dm our database, you
can contact us at the same number and addressk Ybarand have a nice day!

FAQ:
Logistical Information:

* We can schedule appointments on weekends and ggenin

* We will be doing the study until the first weekAfigust

» Parking is free

» Other children are welcome to come—we have toysstuients who can play with
them.

* We can send directions to the parent via emaihonp

» Multivitamins are alright, just not over-the-counte prescribed medications within 48
hours

» There will be breaks with snacks throughout thesssent; however, feel free to bring
toys and snacks and movies (to watch during caidp

If they want to know more about the study:

Our lab is interested in how children with autissok at human faces as opposed to other
kinds of common objects. We are also interestdwim the pupil size changes as a physiological
measure of interest and arousal. We also use stined assessments of intelligence and autism
symptom severity to better match the children fumparison.

If they are curious about the procedure:

Your child will be secured into an age-approprisgat with a seatbelt, and their eyes
will be recorded using a desk-mounted eye-trackemgera and a handheld pupillometer. The
camera will be below a computer screen that yoild etill be watching. The lights will need to
be turned off so that we get accurate readingssoéyes. We will also use a handheld
pupillometer that will be held up to your child'gee The pupillometer will shine various levels
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of light into the eye and measure the pupil reactieye measurements with the pupillometer and
the eye-tracking camera should take no more tha802@inutes.

Your child will be administered a standardized t#shtelligence. Depending on his age,
this will be either the Mullen Scales of Early Liiag, or the Stanford-Binet Intelligence Scale.
These will return a total score and subscores amutchild’s development in various areas.
You will be mailed the scores after the appointment

(If ASD) Your child will also be administered a stiardized assessment for autism
symptoms called the ADOS. This will consist of fday with toys and informal conversation.
You will also receive the score report.

We will collect health and background informatiordayeneral information about your
child, such as height and weight. You will be astefill in the Social Responsiveness Scale if
your child has an autism spectrum diagnosis.

Second Message for Voicemail or Answering Machines

Hello, 'm ___ from the KU Neurocognitive Developnt of Autism Research Lab, and | am
calling about some of our summer research thanygint be interested in. The study is closing
soon, and we still need boys with autism betweeratfes of 2 to 13. Your appointment would
be a single two-hour appointment at our Lawrenberatory, and there is compensation for time
and travel, and we can schedule any time that wiorkgou, even evenings and weekends. If
you are interested in participating or if you havg questions, you can contact us at (785) 864-
6485 or atiutismlab@ku.eduf you would like your information to be remov&dm our
database, you can contact us at the same numbaddress. Thank you and have a nice day!
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Appendix D: Consent Form

THE UNIVERSITY OF

KANSAS

Wakarusa Research Facility
1315 Wakarusa Drive, Suite 122
Lawrence, KS 66049
(785) 864-6485; autismlab@ku.edu
LOOKING DEVELOPMENT

INFORMED CONSENT STATEMENT

INTRODUCTION

The Scheifelbusch Institute for Life Span Studietha University of Kansas supports the
practice of protection for human subjects partitigain research. The following information is
provided for you to decide whether you and youldchish to participate in the present study.
You may refuse to sign this form and not partiepatthis study. You should be aware that
even if you agree to participate, you and yourcchre free to withdraw at any time. If you and
your child do withdraw from this study, it will naffect your or your child’s relationship with
this unit, the services it may provide to you ouryohild, or the University of Kansas.

PURPOSE OF THE STUDY

The purpose of the study is to obtain eye moveraedtpupillary responses to various social and
nonsocial stimuli from 2 to 13 year-old childrenavéire typically developing and children with
autism. We are investigating the cross-sectionaldg@nges in eye responses to social stimuli.

PROCEDURES
We will complete 3 different activities across dasting day.

1. We will administer an eye-tracking activity. Ing this activity, your child will be secured in

a car seat, booster seat, or alone in a seat withiri restraint to restrict movement. Twenty-four
static images will be presented on a computer adiaeb seconds each, separated by a gray slide
between each picture for a variable amount of temeraging 10 seconds. While your child is
viewing the pictures, we will measure your childigpil diameter and record where they are
looking on the screen. The eye movement systemauwsagrared light source to track your

child’s pupil. The eye-tracking session will be éat our laboratory facility, and should take
approximately 20 minutes.

2. We will need to determine the developmentallkwéall children in the study. To do this, we
will be administering a standardized assessmedéweélopment to your child. Depending on the
age of your child, he or she will be administereel Mullen Scales of Early Learning (2:0 to 5:0
year-olds) or the Stanford Binet Intelligence Ssdke1 to 13:0 year-olds). This should take
approximately 45 minutes, and will be videotapeudcfading purposes.
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3. We will need to assess autism symptomology aesmteractions in all children (typically
developing and children with autism). We will adister the Autism Diagnostic Observation
Schedule (ADOS). This should take approximatelyal30 minutes, and this will be videotaped
for later scoring.

The testing session should take approximately 2shimucomplete. After the session, we will
give you a brief description of the child’s perfante; the standardized scores will follow in a
mail-out report.

RISKS

Please be assured that none of our procedurepredént any risk to you or your child. The use
of infrared light will be used to measure eye mogatrand pupil diameter. However, the level
of the infrared light used (0.8 mW/@&is well below the standards for risk from infradeght
sources prescribed by OSHA (10.0 mW#m

BENEFITS

Upon completion of the entire project, we will sgrdi a general report of our results. You and
your child’s participation will make an importardardribution toward our understanding of
autism and face processing.

PAYMENT OF PARTICIPANTS
You will be paid $20 in cash per session for thieme and travel. You do not have to consent to
the study to receive compensation; if after readgconsent you choose not to participate, you
will still be given $20 for time and travel. Howay parents must provide their full name,
current address, and their social security numbéetgiven payment. The University of Kansas
is required by the IRS to provide this informati@ompensation is taxable income and you are
required to report this to the IRS. Documentatibpayment will be given to the Life Span
Institute accounting department and our lab wifkeopies of any receipts in a locked file
cabinet in a locked room which is only accessilyleriembers of our lab.

INFORMATION TO BE COLLECTED

To perform this study, researchers will collecbimhation about you and your child from the
guestionnaire that you will be asked to compléteorder to receive compensation for time and
travel, parents will be asked to provide their absecurity number. Also, information will be
collected from the study activities that are listedhe Procedures section of this consent form.

It is our policy to protect the confidentiality afi of our participants. You and your child’'s
name will be coded by a confidential number and nat appear in any analyses or publications
involved with this study. We would also like tcsage you that you and your child’s
participation is voluntary and that you and youitccinay withdraw from the study at any time,
even after you have signed this consent form. Alea,and/or your child’s decision to
participate or withdraw from the study will not @t or influence any relationship that you or
your child might have with our department in thaufe.

The information collected about you and your ckwid be used by: Sara M. Obermeier,
graduate student, Dr. Christa Anderson, Ph.D.JBinn Colombo, Ph.D., and other research
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members of the Early Cognition Lab, KUCR, and adfie at KU that oversee research,
including committees and offices that review andhitwo research studies.

The researchers will not share information abouwt goyour child with anyone not specified
above unless (a) it is required by law or univgrpitlicy, or (b) you give written permission.

All hard copies of videotaped sessions will beexiidny a study code number in a locked cabinet.
Digital files of these videotaped sessions willsb@red in a password protected database. Only
members of our laboratory will have access to tivedeotapes. Although our laboratory plans
to keep these video recordings indefinitely, if dexide to dispose of the data we will do so in a
confidential manner so that data cannot be retddyeunauthorized persons.

Permission granted on this date to use and disglms@nd your child’s information remains in
effect indefinitely. By signing this form you giyeermission for the use of you and your child’s
information for the purposes of this study or antufe analysis that uses the information
collected during this study at any time in the fetu

REFUSAL TO SIGN CONSENT AND AUTHORIZATION

You are not required to sign this Consent and Aughtion form and you may refuse to do so
without affecting your right to any services yoe aeceiving or may receive from the University
of Kansas or to participate in any programs or &ehthe University of Kansas. However, if
you refuse to sign, you cannot participate in shisly.

CANCELLING THIS CONSENT AND AUTHORIZATION

You may withdraw your consent to participate irstbiudy at any time. You also have the right
to cancel your permission to use and disclose inddion collected about you and your child, in
writing, at any time, by sending your written regu: Dr. Anderson at 1000 Sunnyside
Avenue, 1052 Dole Human Development Center, Laweel& 66045. If you cancel
permission to use you and your child’s informatithe researchers will stop collecting
additional information about you and your childowtver, the research team may use
information that was gathered before they receiad cancellation, as described above.

PARTICIPANT CERTIFICATION:

| have read this Consent and Authorization forimave had the opportunity to ask, and | have
received answers to, any questions | had regattmgtudy and the use and disclosure of
information about me for the study. | understamat if | have any additional questions about my
or my child’s rights as a research participantayrall (785)864-7429 or write the Human
Subjects Committee Lawrence Campus (HSCL), UnitseddiKansas, 2385 Irving Hill Road,
Lawrence, Kansas 66045-7563, or email irb@ku.edu.

| agree to allow my child to take part in this st a research participant. | further agreeeo th
uses and disclosures of my and my child’s infororatis described above. By my signature |
affirm that | am at least 18 years old and thaavéreceived a copy of this Consent and
Authorization form.

We are very grateful for your participation.
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Date [

Child’s Name

Research Staff Signature

Parent's Signature

Parent's Address

| agree to allow the videotape of the statidad testing procedures (Mullen, ADOS,
PPVT) to be used for professional or educationappses.

[If signed by a personal representative, a desonpf such representative’s authority to act for
the individual must also be provided, e.g. parerardian.]
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Appendix E: Health and Background Questionnaire
THE UNIVERSITY OF

KANSAS

Pupillometry ID Code: 23

Looking Dev ID Code: 20

httn-lllci I naniranrnnnitivia lah/

Health and Background Questionnaire-Child/Adol escent

Parent(s) please complete the following section

Child’s Date of Birth: / / Age:

CURRENT HEALTH

Does your child have any of the following? (Pleaseark all that apply)
__ Cold/flu
Runny nose
Sore throat
__ Watery eyes
__ Coughing
Fever

Ear Infection

Is your child currently taking any medications, prescription or over-the-counter? — YES - NO

If YES, please specify:
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Has your child taken medications, prescription or @er-the-counter, within the last 48 hours?

B YES NO

If YES, please specify:

]
Has your child had shots within one week of this gwintment? === YES === NO

If YES, what shots were given:

Date of shots: / /

HEALTH BACKGROUND

Has your child been re-hospitalized since birth7— YES - NO

If YES, please specify condition and length of htastay:

Does your child have any vision impairmentsz— YES - NO

If YES, does your child have corrective lenseswtlitem today? YES  NO

Does your child have any hearing impairmentsz== YES === NO
If YES, does your child have the corrective headegice with them today? YES NO
Does your child have any motor impairments?---— YES - NO

If YES, please specify:

Does your child have any chronic medical conditiondeyond an ASD diagnosis and conditions listed
above?
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B VYES NO

If YES, please specify:

Please list any other conditions, not listed htvat you have:

Please indicate the number of ear infections yourhild has had since birth:

AUTISM DIAGNOSIS

Does your child have an Autism Spectrum Disorder dignosis= YES—— NO

If YES, please answer the following questions:

Please specify the diagnosis:

When did your child first receive this diagnosis? (year)

At what age did you first notice autism-like sympi®in your child?

Doctor Information: Please note that we will not be contacting yourtdoc This information is only requested to
verify

that your child’s diagnosis was given by a licensestlical professional.

Name of the doctor that gave your child the for&&D diagnosis:

Credentials: PhD MD licensed PhD

Office/Clinic location:
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Has your child been re-evaluated since the initiadliagnosisz—YES - NO

If YES, did the diagnosis change (please specify):

If YES, who completed the re-evaluation? Doctame:

Location:

Is your child currently receiving treatment services for their ASD diagnosis?

YES

NO

If YES, please list the services that you are reogiand the number of hours you receive each:

(e.g, behavioral intervention, speech therapy, patanal therapy, etc.)?

Treatment

Hours per week
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FEAMILY MEDICAL HISTORY

Please indicate whether any of your biologicdlmily members have been formally diagnosed withhie

following conditions:

Child Mom  Dad Sibling(s) Grandparent Aunt/Unclel  rsEiCousin(s)

Autism Spectrum
(AD, PDD-NOS

or Aspergers)

Schizophrenia

Developmental

Disability/Delay

Language

Disability/Delay
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Severe Cognitive Delay

(IQ below 50)

LANGUAGE ABILITY

What is your child’s current level of language abity (Check One):

- Non-verbal-- Single words—  8#drd phrase—— Full sentences—  ellanguage ability

Does your child speak any other languages fluentlyesides English= YES—— NO

If YES, please specify the
language:

If YES, what language is primarily spoken in your
household:

CAREGIVING ARRANGEMENTS

*this does not include treatment services

How many hours per week is your child in daycare oin the care someone other than
yourself?

If in daycare, please indicate the type:
Daycare center
_______Home-based care
Your home (i.eyourun a daycare for other children
A relative’s home (e.g., grandparent, aetat)
_______Someone else’s home

Private caretaker/nanny/au pair in youméo
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HOME ENVIRONMENT

How many siblings living at home full-time, including half-siblings?

Please list the ages of these siblings:

How many siblings visit or live at home part-time?

Please list the ages of these siblings

Approximate frequency and length of visit/stay:

How many individuals other than the child’s mother,father, and siblings living at home full-time?

grandmother grandfather
aunt uncle
friend other ( )

PARENT EDUCATION

Please indicate the highest level of education comeged for each parent and their current occupation:

Parent Age High School: Junior College: College or Graduate School:| Occupation
Yrs completed Yrs completed University: Indicate Highest

Yrs completed Degree

Mother 12 3 4 1 2 12 4

Father 12 3 4 1 2 12 3 4

LABORATORY USE ONLY

Today’s Date: / / Eye Color:

Height: Weight: MB

84



Appendix F: Assent Procedures

YOUNGER CHILD ASSENT PROCEDURE SCRIPT

*Children ages 2-6 will have the procedures shownna explained to them as follows:

For the visual task:

1. “(Child’s name) we are going to go in this rogghowing child the eye-tracking room) and
you'll get to sit in this chair and watch a moviedahen look at some pictures on the screen. |If
you want to stop or get out of the chair, you stdall me or your (mom/dad/parents). How does
that sound to you?”

» If child voluntarily climbs into seat or allows §&b be lifted into the seat by the
researcher or parent, the researcher will procetdtie testing protocol, and explain
each procedure to the child before it occurs. dider of assent will take place as
follows:

2. “I'm going to put these straps on you; they aré jike a seatbelt. Is that okay?”
» If child allows researcher or parent to secure tivethe seat, the seat will be adjusted
for height while they watch a preferred movie.

3. “Okay, I'm going to turn the lights off now so ya@an see the pictures better, is that okay?"
» If the child agrees to all procedures, the vistiahdli task will begin. The child may
indicate assent by responding verbally, or they mdicate assent by voluntary
cooperation with the researcher.

To administer standardized tests:

1. “(Child’s name) we are going to play some gamespgtles. If you want to stop, just let
me or your (mom/dad) know. Do you want to play sgames with me?
» If child agrees, either verbally or by cooperatwith the researcher, then the
standardized test of
intelligence will begin. Frequent breaks will bgen as the child needs them. Breaks
can be initiated as per the child’s request, tmefchild seems disengaged, we will
pause so that they can free-play for a few minbédsre testing resumes.

2. “(Child’s name), we have some more activities tolulda if you want to stop at any time, be
sure to tell me or your (mom/dad). Would you likeptay with some toys and do some other
activities with me?”

» If child agrees, either verbally or by cooperatwith the researcher, then the
standardized assessment of ASD will begin.

Tantrums, Self-stimulatory Behavior, and Distress:

In cases of behaviors that indicate that the atndldonger wishes to participate, the researcher
will stop the visual task or stop administering iemms immediately and procedure with the
following protocol:
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1. The researcher or parent, if present in room, ati#mpt to soothe the child by removing
them from their seat, turning on the lights, playwith toys, or the parent’s preferred
behavioral intervention.

» If the behaviors appear to be subsiding, the rebeawill attempt to resume testing
after restating the above assent protocols.

* The session will continue unless the behaviorgmetur the session has reached its
scheduled end.

2. If the behaviors persist or worsen, the tasksnatlbe completed on that particular testing
day.
» If the scheduled tasks cannot be completed, theynwill be attempted during an
additional appointment scheduled at the discratiathe parent, with full per-session
compensation as indicated on the consent form.

OLDER CHILD ASSENT PROCEDURE SCRIPT

*Children ages 7-13 will have the procedures showand explained to them as follows:

For the visual task:
1. “Hey (child’s name), we are going to go in tre®m (showing child the eye-tracking room)
and sit in this chair and you'll get to see soméefmovie you chose. After we find your eye in
the camera, you’'ll see some pictures. If you warstop or get out of the chair, you should tell
me or your (mom/dad/parents). How does that soorydu?”
 If child voluntarily climbs into seat or verballgsents the researcher will proceed
with the testing protocol, and explain each proceda the child before it occurs.
The order of assent will take place as follows:

4. “I'm going to put these straps on you; they go wst jike a seatbelt. Is that okay? If you
want, you can do it yourself”
» If child buckles him or herself into the seat doais researcher or parent to secure
them in the seat, the seat will be adjusted fogltteivhile they watch a preferred
movie.

5. “Okay, I'm going to turn the lights off now so y@an see the pictures better, okay?"
» If the child agrees to all procedures, the vistiahdli task will begin. The child may
indicate assent by responding verbally, or they mdicate assent by voluntary
cooperation with the researcher.

To administer standardized tests:

3. “(Child’s name), | have some questions for you, aadhe activities to do. There will be
some language games, some puzzles and games waith #ed blocks. Remember that you
can stop at any time. Do you want to do these iiewvith me?

» If child agrees, either verbally or by cooperatwith the researcher, then the
standardized test of
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intelligence will begin:-Frequent breaks will be given aseded-byhe child—TFhis-could
either_needs them. Breaks can be initiated as per tldscrequest, or if the child seems
disengaged, we will pause so that they can fregplaa few minutes before testing

resumes.

4.

“(Child’s name), we have some more activities tcadd some more things to talk about. If

you want to stop at any time, be sure to tell mgoar (mom/dad). Do you want to play with
some toys and talk with me about some stuff?”

» If child agrees, either verbally or by cooperatwith the researcher, then the
standardized assessment of ASD will begin.

Tantrums, Self-stimulatory Behavior, and Distress:

In cases of behaviors that indicate that the atdldonger wishes to participate, the researcher
will stop the visual task or stop administering iemms immediately and procedure with the
following protocol:

3.

The researcher or parent, if present in room, ati#émpt to soothe the child by removing
them from their seat, turning on the lights, playwith toys, or the parent’s preferred
behavioral intervention.
» If the behaviors appear to be subsiding, the rebeamwill attempt to resume testing
after restating the above assent protocols.
* The session will continue unless the behaviorgmetur the session has reached its
scheduled end.

If the behaviors persist or worsen, the tasks matl be completed on that particular testing
day.
» If the scheduled tasks cannot be completed, theynwill be attempted during an
additional appointmergcheduleat thewiltdiscretionof the parent, with full per-
session compensation as indicated on the consent fo
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Appendix G: Examples of Stimulus

Photo Figure

Drawing
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