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Abstract

The recent development in the measurements of @peots mental state
understanding, employing eye-movements insteacdfal responses, has opened new
opportunities for understanding the developmentalgim of “mind-reading”
impairments frequently described in ASD. Our maim avas to characterize the
relationship between mental state understanding taadbroader autism phenotype,
early in childhood. An eye-tracker was used to wagtanticipatory looking as a
measure of false beliefs attribution in 3 year-chddren with a family history of
autism (At-risk participants, n = 47) and contr@@ntrol participants, n = 39). Unlike
controls, the at-risk group, independent of thémical outcome (ASD, broader autism
phenotype or typically developing), performed aarte. Performance was not related
to children’s verbal or general 1Q and nor wasplained by children “missing out” on
crucial information, as shown by an analysis oluaisscanning during the task. We
conclude that difficulties with using mental statederstanding for action prediction

may be an endophenotype of autism spectrum disarder

Keywords autism, family risk, mental state understandifaise belief, eye-

tracking, social communication abilities
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Spontaneous Belief Attribution in Younger SiblirefSChildren on the Autism
Spectrum

It has been proposed that the social and commioncampairments that
characterise autism spectrum disorders (ASD) stem flelays and/or difficulties with
understanding that human actions are a result otahstates (e.g. desires, knowledge
and beliefs) which may not always conform to rga(Baron-Cohen, 2005, but see
Gernsbacher & Frymiare, 20p5Although “Theory of Mind” studies often show
participants with ASD at a disadvantage, compaoedontrol participants, exceptions
do exist, which make it difficult to describe miedding difficulties as aore deficit in
ASD. For example, tasks that assess false belidérstanding (e.g. the Sally-Anne
task, the Smarties task) have repeatedly found dhiddren with ASD fail at an age
where typically developing children had long oveneoany difficulties (Baron-Cohen,
Leslie, & Frith, 1985; Leslie & Thaiss, 1992) bils@that performance is dependent on
linguistic abilities (Milligan, Astingdon, & Dack2007). Older children with ASD,
and/or those with more advanced language, easeg plaese tests (Bowler, 1992;
Happe, 1995; Steele, Joseph, & Tager-Flusberg, )200Bis, and the fact that
difficulties with false belief understanding cars@lresult from language difficulties
such as specific language impairment (SLI) (Faetaal., 2009; van Buijsen, Hendriks,
Ketelaars, & Verhoeven, 2011) suggested that reéagcbout mental states may be
difficult only for less linguistically able indivigals, therefore not specific nor universal
for ASD.

However, a non-linguistic false belief task, desigro test this ability in pre-
verbal children (Southgate, Senju, & Csibra, 200@3$ recently revealed difficulties
with using mental states for action prediction,reve verbally able adults with autism

(Senju, Southgate, White, & Frith, 2009). In thask an eye-tracker is used to monitor
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gaze behaviour while participants watch a videodkpicting a false belief attribution
scenario similar in structure to the Sally-Annektasmstead of asking participants to
verbally report where someone would look for aneobgisplaced without that person
knowing, eye-tracking is used to measure whethemtrticipant looks in anticipation
towards the location where the person is expectegarch. Reality biases in responses
(i.e. not being able to inhibit looking to the trlgeation of the object instead of the
location where the person would search) were ptedeby having the object removed
from the scene instead of just changing its locatibhese modifications allowed
children as young as 2 years of age to succedudrask and thus show evidence for
mental state understanding (Southgate et al., 200 ¢pntrast to the good performance
of typically developing toddlers, adults with Asger syndrome and older children with
autism perform at chance (Senju et al., 2009). Mressof anticipatory looking reflect
spontaneous, on-line computation of others’ mesttaties, which may be distinct from
and developing in parallel with the ability to reasabout behaviours in terms of mental
states when explicitly asked to do so. Predictitigeiopeople’s actions based on their
mental states as important for functioning in aaoworld as being able to reason and
communicate about these mental states. Taking ipajbint activities is just one
example in which action prediction is believed ®ibstrumental (Sebanz & Knoblich,
2009). Unlike performance in classical Sally-Anrskis, anticipatory looking is
unrelated to language skills (Ruffman, Garnham, i&e@ut, 2001; Senju et al., 2010)
and is possibly present in typically developingaimf as young as 7 months (Kovacs,
Teglas, & Endress, 2011).

The reliance on language skills to succeed in taedard theory of mind task
has clouded our understanding of the relationsktpvéen mindreading difficulties and

symptomatology of autism in terms of social and camication abilities. One strategy
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employed to investigate this relationship is toetadvantage of the wider range of
social abilities manifested by relatives of indivads with ASD. For example, Losh and
Piven (2007) showed poor sociability in relativessweflected in poor performance on
the ‘Reading the Mind in the Eyes Test’, a testaolhrequires inferring emotional
mental states from only the eyes region of facemdB-Cohen and Hammer, 1997;
Dorris et al, 2004). In contrast, non-affectediatpg of children with autism performed
as well as controls, in standard false belief t4Stsked, Gamliel, & Yirmiya, 2006).
In this study though, good performance could bdamed by the good verbal and non-
verbal skills siblings had, which may have allowwkdm to infer mental states off-line,
when asked explicitly. However, we know that evéwose individuals with ASD
capable of reasoning about a false belief situatik@ Sally-Anne may still have
difficulties with using this information in realtie (Senju et al., 2009).

It is the above considerations that motivated tingenit study in which action
anticipation based on mental states understandasymeasured in 3-year-old siblings
of children with ASD, using the same paradigm asSenju et al (2009). Younger
siblings manifest a wide variety of clinical andstlinical ASD-like traits. Recurrence
rates in these populations vary, but in the largasly to date (N = 664 at-risk siblings)
around 20% of at-risk participants developed ASEmwhssessed around three years of
age (Ozonoff et al., 2011). Moreover, other sildirag high familial risk for autism,
despite not reaching the clinical threshold for ASBn subsequently manifest a wide
range of social and communicative difficulties -nsiolered to be manifestations of the
broader autism phenotype (Rogers, 2009; Yirmiya &amhan, 2010). Showing
difficulties in this task not only in those childravith ASD but also in those on the
broader autism phenotype will reinforce the hypstheof a common origin for the

social skills and the “mindreading” difficulties atacteristic of ASD (Baron-Cohen,
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Leslie, & Frith, 1985).

Failure in mental state understanding tasks musintegpreted cautiously as
difficulties with aspects of the tasks other thaental state understanding can result in
poor performance. A lack of a bias or motivation dtiend to socially relevant
information as well as attention disengagementatifies have both been proposed as
alternative explanations for the apparent “minchibtiess” of people with autism. It has
been suggested that people with ASD are not metivad infer other people’s mental
states and intentions (Andari et al., 2011; Dawetoal., 2004; Liebal, Colombi, Rogers,
Warneken, & Tomasello, 2008), which could make thHeniss out on” information
needed to succeed in theory of mind tasks. Equallyre could result from difficulties
with disengaging from irrelevant aspects of thenecglsabbagh et al., 2009; Landry &
Bryson, 2004) in order to notice when the actoerats or does not attend to the
displacement of the object. Toddlers who eventusdigeived a diagnosis of autism
were also shown to explore objects in atypical waysplacing them in their peripheral
vision (Ozonoff et al, 2008). Because we used amtecker to monitor gaze we were
able to quantify differences in looking behavioridg the task and thus address the
above concerns. Senju, Southgate et al (2009) didfind a relationship between
performance and gaze distribution in older childvath ASD. Other studies on this
population have found a dissociation between lapkih and processing the looked-at
information. For example although children at-riflr ASD had no difficulties
following someone’s gaze, they did not succeedearding the name of the gazed-at
object (Gliga, Elsabbagh, Hudry, Charman, & John&®12). We therefore expect no
relationship between visual attention distributeamd performance in the false belief
task. As in the above-mentioned word learning stwdyexpect all children, including

poor performers, to attend to key events (e.gook bt the actress when she turns away
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and cannot see an object being moved).

This study aims to characterize the relationshigwben mental state
understanding and clinical and subclinical ASD pesf in 3 year olds with a family
history of this disorder. For the first time withid population, we use eye-gaze as a
measure of using mental state understanding fdoragirediction, a measure not
confounded by children’s poor verbal skills. Theuna of the clinical outcomes within
the at-risk group offers the unique opportunityteést whether difficulties with mental
state understanding are characteristic of childvéh a diagnosis of ASD only or of
children with poor social and communicative atektiin general (the BAP). Having
access to detailed gaze behaviour during the gaskither aim of this study is to show

that poor performance is not due to poor or atypisaal attention.

Method

Participants

Participants took part in a longitudinal study bfidren at risk for autism.
Recruitment, ethical approval (London ResearchdstBiommittee, ref: 09/H0718/14)
and informed consent, as well as background dafsadicipating families, were made
available for the current study through BASIS, a tiflaborative network facilitating
research with infants at-risk for autism. Famikesoll when their babies are younger
than 5 months of age and they are invited to atteualtiple research visits until their
children reach three years of age or beyond. Meastollected are anonymised and
shared among scientists to maximize collaboratalaesand to minimize burden on the
families. A clinical advisory team of senior cortanlts works closely together with the
research team/s and, if necessary, with the faghlbeal health services, to ensure that

any concerns about the child, arising during thetire adequately addressed. At the
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time of enrollment, none of the infants had beagdosed with any medical or
developmental condition. Of the initial 50 Contamid 54 At-risk participant89

Control and 47 At-riskcontributed data to this study. Two Control and ét-risk did

not take part in the 36 months visit. Nine othenta were excluded because data was
not collected due to technical problems (4) or heeaof having accumulated less than
20% looking data (5). Six At-risk participants wera included because of home visits
(2), having accumulated less than 20% looking (@&tar being more than one year
older than the group average at this visit (1)tiBlpants’ characteristics (age, gender,

IQ) are present in Table 1.

At-risk infants had an older sibling (hereafterplpgnd) with a community
clinical diagnosis of ASD (in 3 cases, a half-sigh, and in one case 2 probands with
an ASD. Thirty-eight probands were male, 9 were diemProband diagnosis was
confirmed by two expert clinicians (PB, TC) based wmformation using the
Development and Well Being Assessment (DAWBA, GoadmFord, & Richards,
2000) and the parent-report Social Communicatioesfaonnaire (SCQ, Rutter, Bailey,
& Lord, 2003). The DAWBA is a parent-completed wadsed assessment that asks
parents to rate symptoms of autism, relevant toimgaloSM-IV-TR and ICD-10
diagnosis of autism spectrum disorders. Descripgtif@mation about the child is also
included. The experts review the forms using bb#h 4cores and the narrative text to
assign a diagnosis. The SCQ is a widely-used 40-ge@estionnaire that ask about
current and past autism symptoms. Most probandscniteria for ASD on both the
DAWBA and SCQ (n = 42). While a small number scobetbw threshold on the SCQ
(n = 4) no exclusions were made, due to meetingstiold on the DAWBA and expert
opinion. For one proband, data were only availdbtethe DAWBA. Parent-reported

family medical histories were examined for sigrafit medical conditions in the
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proband or extended family members, with no exolusimade on this basis. Infants in
the Control group were recruited from a volunteatabbase. Inclusion criteria included
full-term birth, normal birth weight, and lack ohy ASD within first-degree family

members (as confirmed through parent interviewndigg family medical history). All

Control infants had at least one older-sibling3inases, only half-sibling/s). Screening
for possible ASD in these older siblings was uralderh using the SCQ, with no child
scoring above instrument cut-off for ASD165). 62% of controls and 85% of at-risk

participants were only exposed to one language.

Stimuli

The stimulus was a video recording, which depidligd main events: two
familiarization trials, two true belief trials (TEBInd one final false belief (FB) trial (see
Figure 1). We familiarized children with two eveimsvhich an actress reached through
two doors for a toy strawberry placed on the l&fs{ trial) or the right of two boxes
(second trial). An audio-visual cue (the windowsravelluminated and a chime
sounded) was given and 2.5 seconds later the eedched through the window and
grasped the strawberry. The actor wore a visorhab her gaze direction could not
betray the direction of her reach through the wimslo The purpose of the
familiarization trials was (a) to show the childrémat the actor’'s goal was to reach for
the object and (b) to teach the children that wthenaudio-visual cue was presented
one of the windows was about to open. At the begmof the two TB trials, a puppet
monkey appeared and placed a banana in the lef(fbsek TB trial) or the right box

(second TB trial). After leaving the scene and fBonds after the cue appeared the
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actress reached through the door behind the baxdmaained the banana. The FB trial
is depicted in Figure 1. Crucially, in this trigthe actor turned away from the scene and
the puppet monkey returned to remove the banama fre right side box, which
induced a false belief in the actor. After the euses given in this trial the scene froze
for another 5 seconds. Because we could not cdaalgerce the locations of the banana
in the FB trial within each outcome group (the ome was not known at the time

when the study was carried out), the same vidgovedis used for all participants.

Procedure

An integrated Tobii (Stockholm, Sweden) T120 17yeETracker was used to
collect data on direction of gaze. Data were ctdleé@t 60 Hz. Tobii Studio was used to
present the stimuli and for data analysis. Childsah on their own on a chair, at
approximately 60 cm from the Tobii monitor. At thistance the diagonal of the screen
subtended app. 40A five-point calibration was run before stimulpsesentations.
Children were told that they would see a movie abaucheeky monkey. An

experimenter stood behind the child and encour&gedtb look if she got distracted.

Data reduction and analysis

The 2 minutes 45 seconds long video was segmentedscenes of various
lengths corresponding to the various important eszefio measure anticipatory eye-
movements in the second true belief trial we defiae2.5 second interval after the
visual cue appeared, which corresponded roughih¢otime taken for the person to

reach through the doors in both the familiarizatioals and the TB trials. Because the
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actor never reached through the door in the faddeftirial, a 5 second interval (until
the end of the movie) was used for analysis. Fanitg] details about the length of other
intervals analysed are given together with theltesid those particular analyses, in the
Results section. Three areas of interest (AOI) wagBned manually for all scenes
analysed (see Figure 1), two covering the leftrggiat doors and boxes and another one
corresponding to the face. Cumulative looking tinvéghin areas of interest was
calculated automatically using Tobii Studio softecaOnly fixations longer than 100
ms. were included in the analyses. Data loss cocbdir during the video presentation
at different time points (either due to looking awax to the eye-tracker not detecting
the eyes despite the fact that the child was |gpkinwwe decided to only exclude
children if they accumulated less than 20% dataalvand not if only certain intervals
had valid data, the consequence of which was thghtly different numbers of
participants were be entered in the analysis dédiht events (e.g. in the TB and the

FB trial analysis).

Outcome characterization of the At-risk and Congmups

Standard measures of cognitive development — M@leales for Early Learning
(MSEL; Mullen, 1995) and adaptive development -afamd Adaptive Behavior Scale
(VABS; Sparrow, et al., 2005) were collected. ThBBL is a standardized direct
developmental assessment that yields a standarsiized (mean = 100, SD = 15) of
overall intellectual ability (Early Learning Compies and subscale T-scores (mean =
50, SD = 10) for receptive language (RL) and exgveslanguage (EL), as well as non-
verbal fine motor (FM) and visual reasoning (VRIliibs. The VABS is a standardized
parent-reported interview of everyday adaptive fioming that measures social,

communication, daily living and motor skills. Ingition (and for both groups) a semi-
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structured play-based assessment, the Autism DstéigrObservation Schedule -
Generic (ADOS-G; Lord et al., 2000) was used t@sssutism-related social and
communication behavioural characteristics (44 childvere administered Module 2
and the other 3 children Module 1 of the ADOS-@)jisTwas augmented (At-risk group
only) with the parent-report Autism Diagnostic Iniew — Revised (ADI-R; Lord et
al., 1994). In common with other research groupdyshg familial at-risk siblings
(Zwaigenbaum et al, 2007) a ‘best estimate clitoasensus’ approach to diagnosis
was taken following review by experienced clinicedearchers (TC, KH, SC, GP)
taking account of all information about the chilé@(MSEL, VABS, informal
observation), in addition to information from th®AR and ADOS-G. Children were
included in the At-risk ASD group if they met IC-{World Health Organisation,
1993) criteria for ASD. Given the young age of ¢héddren, and in line with the
proposed changes to DSM-5, no attempt was madssigraspecific sub-categories of
PDD/ASD diagnosis. Children from the At-risk growpre considered typically
developing (At-risk Typical) if they (i) did not reeICD-10 criteria for an ASD; (ii) did
not score above the ASD cut-off on the ADOS or Afdi) scored within 1.5 SD of the
population mean on the Mullen Early Learning ConmgodELC) score (>77.5) and
Receptive Language (RL) and Expressive Languagg gtlhscale T scores (>35).
Children from the At-risk group were consideredh&ve atypical development if they
did not fall into either of the above groups. Tisathey either scored above the ADOS
or ADI cut-off for ASD or scored <1.5SD on the Maedl ELC or RL and EL but did not
meet ICD-10 criteria for an ASD. From the 47 Atkrigarticipants taking part in this
task, 17 met criteria for an ASD diagnosis, 18 watreisk Typical and 12 were in the

At-risk Atypical group (9 scoring above ADOS ASDt-@ff, 1 scoring above ADOS
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ASD cut-off and<1.SD Mullen ELC cut-off, 1 scoring above ADI ASIt-off and 1

scoring <1.5SD Mullen ELC cut-off).

Results

We analysed separately the true belief (TB) anddlse belief (FB) trials. As in
previous studies (Southgate et al., 2007) onlys#wnd TB trial was analysed. By not
including the first TB trial we thus gave childrerore opportunities to understand the
actor’s goal - to reach for the objects - as weslktze role of the audio-visual cue. For
each trial we assess performance by analysingiffezethce between the looking time
to the correct and incorrect doors’ AOIs, scaledtliny amount of looking to those
AOIs: (LTcorrectL T ncorrecd/ (LT correctt L T incorrec). Values go from -1 (exclusive looking
towards the Incorrect location) to 1 (exclusivekiog to the Correct location), with
chance level at zero. In the TB trial, the cordecation was that which contained the
banana. In the FB trial, the correct location waat tin which the actor thought the
banana was. We start the analysis by comparingCthvetrol and At-risk groups to
chance levels and to each other and then comparthtée outcome groups within the
At-risk participants (At-risk ASD, At-risk Atypicahnd At-risk TD) to chance levels
and to each other (using Bonferroni correction raultiple comparisons). Where a
significant difference between Controls and At-niskound, we also test whether all at-
risk groups are significantly different than Cofgrqusing Dunnett correction for
multiple comparisons). We also test whether anyviddal variables that showed
groups differences, like Total 1Q, Verbal IQ or Agsce Table 1) explain group
differences in TB or FB performance. Finally, weamine whether visual attention

distribution during the false belief trial may aaot for children’s performance. Three
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AOIs were entered in this analysis, the door AQig another AOI corresponding to the

actor (Figure 1).

True belief

Looking time differential scores were significandipove chance (zero) for both
Control and At-risk participants (Contra{37) = 3.01p = .005; At-risk:t(40) = 2.99p
= .005). A univariate ANOVA with Group (At-risk v&ontrol) as between-subjects
factor yielded a non-significant effect of Groug(1,78) = 0.13p = .716, /7= .002).
Verbal and General IQ significantly predicted periance (Verbal IQF(1,76) = 1.78,
p = .03,/77= .06; General IQE(1,76) = 1.78p = .02, /7= .06), however entering these
factors in the above ANOVA did not change the digance level for the main Group
factor. When analysing the behaviour of the 3 skt-groups separately, they only
performed marginally better than chance (At-rislpitgl: t(15) = 1.24p = .23; At-risk
Atypical: t(10)= 2.01,p = .07; At-risk ASD:t(13) = 2.03,p = .06), possibly also
because of the reduced power of this analysis. ikauate ANOVA comparing the
three at-risk subgroups (At-risk ASD, At-risk Atgal and At-risk Typical) yielded no

significant effect of GroupH(2,40) = .19p = .82,/7= .01).

False belief

At the point at which anticipatory looking is meesdi in the False Belief trial
the two boxes were empty, thus preventing a redlips. Correct anticipation is
reflected in longer looking towards the box thahtained the banana just before the
person looked away. As seen in Figure 2, lookingetdifferential scores were higher
for the Control group than for the High-risk groupgeliminary analyses confirmed

that Total 1Q, Verbal IQ or Age did not have a maifect on looking time distribution
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nor did they interact with the factor Group. Wer#iere removed these factors from
further analyses. There was also no group diffexem¢he overall amount of time spent
looking at the three target AOIs (correct, incotraed face) after the light prompt, in
the FB trial Mcontrol = 3.35,SDcontrol = 1.4 s€CMatrisk = 3.56,SDatrisk = 1.15 sect(82)

= -.71, p =.47). Mean looking time difference scores wereiicantly above chance
only for the Control participants (Contrd(35)=5.13,p < 0.001; At-risk:t(42) = .86,p

= .39). A univariate ANOVA with Group (Control an#it-risk) as between-subject
variable resulted in a significant main effect abGp F(1,78) = 9.35p = .003, /7=
.10). The significance level of the Group factod diot change when the TB looking
time performance was entered as a covariate andodrBbrmance did not have a
significant impact on FB performance. When the Zigk sub-groups (At-risk ASD,
At-risk Atypical and At-risk Typical) performanceas analysed separately, none of the
groups performed different than chance (At-risk itgp t(16) = 1.21p = .23; At-risk
Atypical: t(9) = .36,p = .72; At-risk ASD:t(15) = -.36,p = .71). A univariate ANOVA
comparing the looking time difference scores fag 8 At-risk sub-groups yielded a
non-significant effect of Group=(2,42) = 0.79p = 0.46, 77 = 0.03). Post-hoc t-tests,
were used to compare each at-risk group to ther@gmarticipants. Only At-risk ASD
significantly differed from Control participantp € .009), At-risk Atypical and At-risk

Typical were not significantly different from Coatr(p = 0.11 ang = 0.33).

Relationship with social and communication abiBti&ADOS)
The lack of a difference in performance betweerthihee at-risk groups suggests that

difficulties with mental state understanding mayupeelated to ASD symptom severity.
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To confirm that performance in this task is onliated to the risk status and not to
children’s social and communication abilities asaswed by the ADOS, we split the
Control and At-risk groups depending on their AD§EBres into &ow ADOS(ADOS
< 8; 25 out of 35 Controls and 21 out of 42 At-rskticipants) angéligh ADOSgroup
(ADOS >= 8). Looking time performance was entered univariate ANOVA with
Group (Control, At-risk) and ADOS (Low, High ADOSI)his analysis yielded a main
effect of risk GroupR(1,76) = 9.41p = .003,77= 0.11). The ADOS scores did not
significantly predict performanc&(1,76) = .19p = .66,777= 0.003) and there was no
significant interaction between risk Group and ADI@&Is £(1,76)= 1.52p = .22,/

= 0.02).

Differences in attention to the placement/displagenhevents

What can explain the poorer performance of theigk-participants in the FB
trial? We were interested in determining whetheldebn’s looking behaviour during
the task differed in any way that would explainitheerformance. One possible source
of error could arise from not paying attention be thiding and displacement events
during the FB interval, especially the last hidienent before the actress looks away.
Visual inspection of looking time distribution alpthe FB trial suggests that all groups
followed closely this event (Figure 3a: “Bananacpla in the right box”; “Monkey
steals banana from right box”), and that majoreddhces between groups only emerge
at the very end, when FB is tested (Figure 3a:s®erturns back”). We looked more
specifically at attention distribution during keyemts. Groups spent equal amounts of
time looking at the box during the 8 sec that thenkey took to place the banana
(Mcontrol = 4.9, SDcontrol = 2.0; Matrisk Typical = 5.3, SDatrisk Typical = 1.6; Magrisk Atypical =

4-9,SDAt—riskAtypicaI: 1.7;Matrisk Asp= 5.3, SDatrisk aso F(3,84) = .51p = '67!,72: .01).
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Groups also spent equal amounts of time lookinthatbox from which the monkey
surreptitiously removed the banactnwo = 7.4, SDeontrol = 2.9; Matrisk Typical = 6.5,
SDht-risk Typical = 3.0; Maturisk Atypical = 7.9, SDatrisk Atypical = 2.3; Matrisk Asp= 6.7, SDat-risk
asp = 2.7;F(3,84) = .91p = .44, 77 = .03). It is also important to have noticed that,
when the banana was removed from the box, the pesss looking away. Visual
inspection of looking time spent on the face durthg FB trial does not highlight
consistent group differences (Figure 3b) and indeddn we compared the amount of
time spent looking at the person’s face while trenkey removed the banana from the
box no group difference was founMidontror = 3.8, SDcontrol = 1.9; Matrisk Typicar = 3.1,
SDatrisk Typical = 2.4; Matrisk atypical = 4.0, SDat.risk atypical = 2.7; Matrisk asp = 4.5, SDatrisk
asp= 2.6;F(3,84) = 1p = .41,77= .03). None of these measures correlate with the F
looking time difference score, for either the whgleup or the low and at-risk groups
separately.

Closer exploration of the data revealed that atpthiat in the video where the
monkey had placed the banana in the right box eftdHe screen and before the person
turned away, children looked up at the persilaofior = 2.0, SDeontrol =1.1; Mat-risk
Typical = 2.2, SDaturisk Typical = 1.0; Matrisk Atypical = 2.7, SDaturisk Atypical = 1.3; Matrisk Asp =
2.1, SDatrisk asp= 0,9; F(3,80) = 1.42p = .24, = .05) and then looked towards the
right door and box. Encoding where the person dast the object or her goal at this
point where a TB is still held may be crucial faegicting their behaviour later. We
analysed looking time distribution to correct (hereere the banana had been placed)
and incorrect locations at this time point. Bothwkosk and High-risk participants
looked longer at the Correct side (average and @DCbrrect vs. Incorrect for Low-
risk: 620 ms (105) vs. 370 ms (81) and High-r&k2 ms (90) vs. 369 ms (69)). A 2x2

ANOVA with Side and Group confirmed that there veamain effect of SideH(1,79) =
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5.01,p = .02, 77 = .06), but no main effect of Group((,79) = .21,p = .64) and no

interaction between Side and Grodg1,79) = .11,p = .74), which means that both
groups looked longer at the box containing the banao investigate whether looking
time distribution at this point was related to penfiance later in the FB trial we
calculated difference scores in both cases (Lookingg Correct — Looking time
Incorrect). These measures were correlated in tmdensampler(70) = .27,p = .01),

as well as in the Low-risk group(81) = .40,p = .02) but not in the High-risk group
(r(39) = .13,p = .41). A Chow test demonstrated that the slop iatercept of the

regression analysis predicting test performance fiaoking time distribution when the
person last saw the object was not significantffedent for the high-risk and low-risk

participants £(1,69) = 2.02p = .15).

Discussion

Previous studies of mental state understanding kacemented difficulties with
on-line computation of mental states in older aleifdwith ASD (Senju et al., 2010) as
well as in adults with ASD (Senju et al., 2009).réleve provide evidence that this
impairment is measurable as early as 3 years ofragkildren at familial risk for this
disorder and that it is not restricted to thosddcan having received a diagnosis of
ASD. Control participants, as a group, performedvabchance, confirming previous
findings at 24 months of age (Southgate et al.,72@hd suggesting this ability is
continuously present during development from 2 yedirage through adulthood (Senju
et al., 2009, 2010). The At-risk participants, utzd in the study on the basis of having

an older sibling with ASD, developed a wide randesocial and communication
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abilities by three years of age, with some childreceiving a diagnosis of ASD and
others manifesting other developmental problemduding sub-clinical scores on the
ADOS-G, which measures ASD-like social and commatin atypicalities.

Based on previous findings of subtle difficultiesthwinferring mental states in
relatives with poor sociability (Losh & Piven, 200We hypothesised that all children
with poor social and communication abilities, iloth At-risk ASD and At-risk
Atypical groups, would show difficulties with meh&tate understanding. Interestingly,
all groups of at-risk children found the task diffit, including those at-risk that
developed typically. Moreover, performance was metated to social and
communication abilities, as measured by the ADO% performance of the At-risk
Typical group was not significantly different frothat of the other at-risk groups but
was also not different from that of Controls, sugjgey that they may have intermediary
abilities, with more participants succeeding at tdek than in the other at risk groups.
Notwithstanding these findings, the At-risk Typicgioup’s performance was not
significantly different than chance. Although siamiin terms of IQ to Controls, the At-
risk Typical group is more similar to the otherrigk participants in terms of both
genetic and family background.

The picture of autism emerging from recent gensticlies is of a multi-factorial
disorder, in which outcomes are a result not ofmalsnumber of deterministic factors
but of the combination of a great number of riskl gmotective factors (Geschwind,
2011). This model is supported by recent findirrgsif prospective studies of infants at-
risk (Elsabbagh & Johnson, 2010). Difficulties wittental state understanding could be
one of these many risk factors, which impacts angpm severity only in combination
with other concurrent factors. Family environmenéxpected to mediate shared genetic

influences on the outcome phenotype both in terimmental state understanding and
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social and communication abilities. Previous stsihave shown that having an older
sibling positively impacts on the development otaé state understanding in typically
developing children (Ruffman, Perner, Naito, Par&nClements, 1998). Many of our

at-risk participants did not have a typically dephg older sibling (they only had an
older sibling with ASD). This may place them atisadlvantage in mindreading abilities
with respect to Control participants, all of whoradha typically developing older

sibling. At this point our sample is too small tcoperly investigate the interaction

between genetic and environmental factors, somgtliure studies will have to

clarify.

Although we take failure in our task to mean diffices with computing and using
mental states, alternative explanations are passiliie design of the task, in particular
the existence of a True Belief condition, allowstasule out some of them. Above
chance performance in the True Belief trial is ewick that both controls and at-risk
participants understood the task and were motivatetiable to anticipate someone’s
actions. Although they did not look to the corréotation, a majority of at-risk
participants (43/47) did look towards one of the tpossible locations in response to
the audio-visual cue, in the False Belief trial jethagain is not compatible with a lack
of motivation. Using eye-tracking we could also askether performance can be
explained by any differences in the looking disitibn during the task. It has
previously been proposed that attention disengagedificulties or a lack of a bias to
attend to social information can result in missiergicial information necessary to
succeed in theory of mind tasks (Dawson et al.,4200his would be even more
problematic in on-line assessments of mental staerstanding, than in classical,
slower paced tasks. We therefore analysed lookelgWiour at various points during

the false belief trial and showed that all childlenked at the object placement and
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displacement actions and also looked at the pendmn she turned away from the
scene. There was thus no difference in the wayd@nl with ASD attended to the
sequence of actions. More importantly, the amoudrbaoking did not correlate with
looking time performance at test, confirming ourtiah hypothesis that poor
performance was not due to poor attention. Sintikeriin looking behavior in response
to various key events (e.g. looking at the pershemshe turned away or at the monkey
when she was engaged with the banana) also spaalstigny oculo-motor differences
between groups (Ozonoff et al, 2008). Of coursekiloy is necessary but not sufficient
for attending to and processing the informatiomtied. As previously shown, in a word
learning task, children at risk-for ASD could fallosomeone’s gaze to an object, but
did not learn the word-object association as weltantrols (Gliga, Elsabbagh, Hudry,
Charman, & Johnson, 2012). Brain imaging studiefoé processing have also shown
that even when asked to fixate faces, ASD partitgpactivate a less extensive network
of brain areas than neurotypical participants (Hhdni, Joseph, Snyder, & Tager-
Flusberg, 2007). Thus, similarities in scanningvdual scenes in autism may mask
learning and processing differences associatedtiighcondition.

Some differences in looking behavior did appearmduthe false belief trial. When
visually inspecting the data we noticed that cleiftdmade saccades towards the location
containing the banana earlier during the FB thafore the cue was given, at the point
where the person still held a true belief and cdislde reached for the box. At this point
groups were again indistinguishable, suggesting ttitey had again correctly encoded
the person’s reaching goal. The positive corretabetween looking towards the box
containing the banana at this point and lookingatas this same box later in the trial,
when the banana had been removed, suggests thedisain controls, success in the FB

trial depends on how well one encodes the godi@fttress at the moment at which it
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still corresponds to a true belief. This is comiplatiwith one current model that explains
spontaneous mental state attribution on the b&sis-cepresentations of people and the
objects they encounter and act upon (Apperly & @&titt, 2009; Samson, Apperly,
Braithwaite, Andrews, & Bodley Scott, 2010). Thudien someone repeatedly reaches
for a particular object, their goals or beliefs abthat object’s location are stored in
memory together with that person’s identity forelatre-enactment. However, this
correlation only holds in the control group. Thekaof a correlation in the at-risk
participants could reflect encoding of differenfoirmation when children look at the
box just before the person turns away (e.g. thatioe of the banana instead of the
person’s goal) or difficulties with maintaining thanformation in memory. Future
behavioural studies could test the impact of menbgryarying the time delay between
hiding, displacement and test. Brain imaging stsidieuld measure the nature of the
information encoded initially (e.g. object locationaction goal). Although at this point
we can not tell whether these differences in partorce are due to at-risk participants
not being able to compute mental states nor whettesr are due to not being able to
keep in memory someone’s representation of thedahlile monitoring changes in the
world itself, we subscribe to a recently made das¢he importance of theory of mind
tasks to reveal not just conceptual understandimgabso functional usage of these
abilities (Apperly, 2012). Whether or not they caimpute mental states, we show that
children with a family background of autism did nase these abilities online to
anticipate another’s actions, which is of impor@koowing that action prediction is
believed to be crucial for joint activities (e.gr example Sebanz & Knoblich, 2009).
The current study advances our understanding otahstate attribution in ASD by
providing the earliest evidence that these diffiesl are not restricted to those children

that fulfill diagnostic criteria for ASD but characize the whole at-risk group. It is
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unclear at this point whether these difficulties apecific to ASD-risk, whether they
reflect a genetic susceptibility, the influencetbé social environment or maybe the
interaction between these two factors. Difficultiggh classical theory of mind tasks
have been documented in other developmental disoli#ée Down syndrome or mental
retardation (Yirmiya, Solomonica-Levi, Shulman &dwsky, 1996). However, in these
populations performance was correlated with notaletQ, which suggests general
cognitive factors like memory and attention canitimental state understanding. This
was not the case in our study, where general amdahvéQ did not explain group
differences, nor did visual attention distributidaring the task. A detailed analysis of
looking behavior confirmed that failure was not dwe“missing out” on important
information, such as where the object had beeregldisplaced or whether the person
was attending to the scene or not. Therefore, sgoge this task does not appear to be
due to where someone looks for information, buthéov or whether the ‘looked at’
information is later used.

The mechanisms of mental state understanding hese subject to heated debates
both within autism research and within developmigogsichology. We believe that both
fields will benefit from the study of younger sitdjs of children with autism. The
greater variability of social, communicative anteéational abilities this group manifests
will make it possible to identify necessary corwhs for the development and online
use of mental state understanding. For examplelewgiicceeding in standard false
belief task depends on language skills, this isthetcase for our task. Being able to
encode and maintain in memory action goals whilen& unfold seems to be the
limiting factor when mental states are used foioacanticipation. Moreover, the wider
variety of clinical outcomes in this population Whelp settle debates about the

specificity of mindreading difficulties to autism pextrum  disorders.
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Table 1
Participants’ Characteristics
GROUPS Control At-risk At-risk Typical At-risk Atypical  At-risk ASD
(n=39) (n=47) (n=18) (n=12) (n=17)
Age (months)
M (SD) 39.5 (3.3) 38.0 (1.7)* 37.9 (1.5) 375 (1.7) 38.6 (2.0)
Range 36-52 33-42 34-40 33-40 35-42
Gender
Male 21 27 12 9 6
Female 18 20 6 3 11
General IQ (Mullerd
M (SD) 114.7 (16.1)  104.2 (22.5)* 113.2(15.0)  103.4 (18.9) 94.7 28.5 ++
Range 72-137 49-147 86-142 63-126 49-147
Verbal 1Q (Mullenf
M (SD) 57.5 (8.5) 51.2 (12.0)*  55.9 (14.5) 49.8 (8.6) 47.2 (15.9)
Range 41-69 29-73 43-69 29-64 20-73
ADOS SC
M (SD) 5.5 (4.5) 8.8 (5.3)** 4.1(2.0) 12.0 (4.0)++ 11.4 (5.0)++
Range 0-21 0-19 0-7 5-18 1-19
ADI Social
M (SD) - 5.0 (5.4) 1.9 (1.7) 3.4 (4.9) 9.7 (5.5) ++
Range - 0-5 0-18 1-19
ADI Communication
M (SD) - 4.5 (4.9) 2.2(1.8) 3.5(5.4) 8.2 (5.2)++
Range - 0-6 0-20 1-16
Ethnicity
Caucasian 33 41 17 9 14
Caucasian/Asian 2 2
Caucasian/Latino 1 1 1
Caucasian/Black 1 1
Asian 1
Black 1 1 1
Mixed 1 1 1
Incomé
<40k 9 17 4 8 5
40-80 k 14 23 8 3 12
>80k 16 7 6 1 0
Educatiofi
M (SD) 3.0(0.9) 2.7 (0.9) 2.8(0.9) 3.0(0.9) 2.4(0.9)
Range 1-4 1-4 1-4 1-4 1-4

Note Superscripts indicate differences between lowsigh risk (* p < 0.05; ** p < 0.01) and betweeretAt-risk
ASD or Atypical groups and at-risk TD (+ p < 0.8%: p < 0.01; Bonferroni correctioMullen ELC score, Mean =
100, SD = 15%erbal ability T-score, Mean = 50, SD = 10 (basachwerage of Expressive and Receptive Language
domains);°The Social and Communication algorithm score of AROS; “Overall household incomé; Mother's
education level (1= formal education to 16; 2= falreducation to 18; 3= university degree or eqeingl4 =
postgraduate); Missing data for Education levalgfa points) were replaced by the average of #kegrioup.
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-Il_—ggL?nzg Time Differential Scores in the True Bedirfl False Belief Trials
Control At-risk At-risk At-risk At-risk ASD
Typical Atypical

TrueBdief M .30* .25* .19 .32 .28

SD .62 .55 .61 52 52

N 38 41 16 11 14
FalseBelief M A42* .07 .18 .04 -.04

SD .49 .53 .64 .40 .46

N 36 43 17 10 16

Note The asterisk indicates significance of one-sarydsts < 0.05) against a chance level of zero.
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Figure Captions
Figure 1.Key events during the false belief trial. The lmame depicts the three areas
of interest used for data extraction.
Figure 2.Looking time differential scores in the False Betrial. The chance level is at
zero.
Figure 3.a) Proportion of children looking at the face A@iring the FB trial. b)
Proportion of children looking at the correct A@he right box) during the FB trial to
illustrate all groups keeping track of where thediaa was placed. At-risk ASD and At-
risk Atypical data was pooled together for claitgntinuous grey line). At-risk Typical
(dashed grey line) and Controls (black line). Theeat of important events is indicated

on the time line.
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Monkey places
the banana in
the right box.

Monkey leaves.

Monkey steals
banana from
right box.

Monkey leaves.

Person turns
back.

Cue given.
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Looking time difference
(correct-Incorrect)/(Correct+Incorrect)

0.60

0.00
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