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ABBREVIATIONS

ASD Autism spectrum disorder
FSIQ Full-scale 1Q

NF1 Neurofiboromatosis type 1
SRS Social Responsiveness Scale

AIM To examing visual attention to faces within social scenekildren with
neurofibromataesis type 1 (NF1) and typically developegrs

METHOD.Using eye-tracking technology we investigatiegitime taken to fixate on a face
and the percentage of time spent attending to fatative to theest of thescreerwithin
social scenes’in'24 childrevith NF1 (17 females, 7 malesiean agd Oy 4mo[SD 1y 9m]).
Results were compared withose of 24 agenatched typicallydeveloping controlsl{
females 13 malesmean agd 0y 3no[SD 2y]).

RESUL TS There was no significant betwegroupdifference intime taken to initially
fixate on/@fac€p=0.617); howeverchildren with NF1 spent less tina¢tending tdaces
within scenes than controlp<0.048).Decreased attention to faces was associated with
elevated autism traits in children with NF1

INTERPRETATI ON Children with NF1 spend less time attending to faces than typically
developing:ehildrenvhen presented isocial scenes. Our findings contribute to a growing
body of literature suggesting theltnormal face processing is a key aspect of the social
cognitive phenotype of NFAnd appears to be related to autism spectrum disivedksr
Clinicians 'should consider the impact of reduced attention to faces when designing and

implementing treatment pgrammes for social dysfunction in this population.
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Social Scenes in Children with NRinelia K Lewis et al.

What this paper/adds

e Children with neurofibromatosis type lIf1) demonstrated atypical gaze behaviour
whenattending tdaces

e NF1.gaze behaviour was charactedzy normal initial fixation on faces but shorter
face dwell time

e Decreased attention to faces was associated with elevated autisim tragtdlF1

sample

[Main text]

Neurofibramatosis type 1 (NF1) is an autosomal dominant genetic disordeatssodth
reduced social skilland cognitive deficits-> There has been recent interest in better
understanding=how individuals with NF1 process social information, including facessTo thi
end, studi€s have identified deficits in social cognition more brdadipdface perception
more specifically,’ in both adults and children with the condition. These findings suggest
that aberrant.face processing may be an important feature MFtheocial phenotype. Eye-
tracking teehnology has provided researchers with a useful means of exploring the manner i
which attentien; as measured by ggee, is allodad to different clags of visual stimuli.
While eye(gazés not completely analogous to attentiedidencesuggestshat scan path
analysis allows researchers to map the spatiotemporal locativissiafattention tadevelop

a better understanding of how individuals analyse and perceive viateiat ° To date

only one study has used eye-tracking technology to investigate face processing in childre
with NF1 and found that the amount of time spent viewing key individual facial features,
such as the eyes, did not differ from a typically developing comparison gieyertheless,
children with NF1 spent significantly less time viewing inteffaalal feature®verall than
controls,suggeshg the degree of visual attention they allocate to faces, at least when

presented in isolation, reduced
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While studying attention to faces presented in isolation may yield valuable
information, important aspects of genuine social interastioa absent from these stimdli.
Complex social scenes containing both social andsooral information represent a
particularly useful class of stimuli for eyeacking studies as they allow investigation of
attention‘tofaces in a more ecologically valid manner. While no studisgedave
examinedsocial scene processing in individuals with NF1, reduced attentionstoiface
people in social scenes has been documented in other neurodevelopmental disorders
charactered by impaired social processing, includingsaatspectrum disord€¢ASD),
Williams syndromeand Fragile X syndromie*? It is important to investigate whether
children with NF1 display aberrant scermeqessing patterns, particularly in light of the
growing bedy ‘ofievidence suggesting impaired social information procesdimg in
population™®

The aim of this study was to investigate attention (as measured hpsg)eto faces
in children with NF1 within a sermaturalistic sding, in the context of static social scane
We investigate whether children with NF1 take longer to first fixate on a face and/or spend
less time overaliixated onfaces within a scene than typically developing pe&rsecondary
aim was toinvestigateslationships between eye gaze parameters and participant
characteristics, including age, intelligenqgaantitativeASD traits and face perceptioiVe
hypothesized.that children with NF1 would take longer to first fixate on face stnul
spend less time viewing faces within social sceéhastypically developing controlsiVe
predictecdthatalongertime tofirst facefixation and lessime viewing faces wouldbe
associated witkelevated ASDOraitsin NF1 participants. Based on theoretical links between
face perception skills and attention to faces in the environth&iwe also expectegoorer
face recognition sks in children with NF1 tdoe associated withlanger time to firstace

fixation and a smallgpercentagef time spent attending to faces within a scene.

METHOD
Participants
Participants'were 24 individuals with NF1 and 24 typically developamgrols matched
individually for,clronological age (within 6mo) and matched at the group level on
handedness. All participants displayed noromlecteeto-normal vision.

Participants witiNF1 were recruitegtia the Neurogenetics Clinic at Théni@iren’s
Hospital at Westmead®ydney, Australia. This clinic caters for over 1300 individuals with

NF1 and has a wide referral base, with all s@@onomic groups represented. Children were
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recruited if they met the followingelectiorcriteria: (I confirmed diagnosis of NF1 based on
clinical criterig!* (2) absence of diagnosed intracranial pathology (e.g. traumatic brain injury,
symptomatic optic glioma); (3) lull-scalelQ (FSIQ)greater than or equal to 70) (@0
currentprevious diagnosis of anxiety, mood, or psychotic disorder; and (5) competency in the
English language. &/iew of clinical records revealed that five NF1 participants had a
diagnosis of attentiedeficit—hyperactivity ésorder (ADHD) They were included in our

study in order to provide the most representative sample of children with NF1 iofliplet

high ratesiof comorbid ADHD reported in this populatidho participantwith NF1 had

been diagnosed with ASD. Approval for the study was grantedbyChildren’s Hospital at
Westmead ,andMacquarie University Human Research Ethics Committees. Written informed
consent was obtained from all participaraters

Typically developing controls were recruited through Neuronawtisildren’s
research participation club at Macquarie University, Sydney, Australia. Extlasteria
were a history of developmental delay, sensory impairment (that would impact cal norm
development and on their ability to complete the research tasks), intdlctilaer
cognitive impairment, neurologicat psychiatric disorder, or English as a second language.
No children,were excluded based on these criteria.

Tablel"showsthe demographic characteristics of each grgtipnalysis revealed no
significant difference in sex distribution between the groups, although a non-significant trend
was observed whereby there was a somewhat higher proportion of female partinigaets i
NF1 groupy?® test confirmed no group difference in handedn&esndependent samplés

test confirmed that the groups were wathitched orchronological age.

Materials

Stimuli included 18 images of social scenes taken from the Internafitieative Picture

Systent® ThelntérnationalAffective Picture Systers a set of photographs depicting

various stimulizincluding animals, social scerasd landscapes that is widely used in studies

of emotionsarousal, and visual trackiriEach image used in the current study contained at

least one_person in a natural scene, with at least one face visible (IDs: 2235, 2272, 2299,

2393, 2396,72398, 2480, 2514, 2560, 2575, 2579, 2590, 2593, 2594, 2598, 2749, 5875, 7550).
FSIQwas assessed with the Wechsler Intelligence Scales for ChitarerthEdition

in theNF1 group® and theWechsler Abbreviated Scale of Intelligerinaypically

developingcontrols™® FSIQs generated from these two scales are substantially correlated

(0.86) and have very high convergent validftifhe parent versiomf theSocial
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Responsiveness Scale (SRS) was used to ideput#gtitativeASD traitsin participantswith
NF1* The SRS consists of 65 items rated onpoiht Likert ale that form five subscales

of social awareness, social cognition, social communication, social motivetidautistic
mannerisms. Scores obtained across the subscales were summed to préiR8datal

score, which'was reported in this stuBfRS qustionnaires were obtained from a parallel
study of sacial competence in NA£({8) and were only available fparticipantswith

NF1.% Face perception was examined using the Facial Recognition Test, which assessed
identification and discrimination of unfamiliar human faces basduawkandwhite

photograph$® Qur examination and scoring procedures have been previously decribed.

Procedure

Participants'viewed the images on a Oéllinch FP monitor in a darkened room. Scenes

were presented in the centre of the computer screen at a standardized size of 25.14cm (950
pixels)x 18.84cm (712 pixels), width by height. The éyaeking task was completed in a

single testing session.

Eye-tracking procedure

Participants™eye movements were recorded using an Eyelink 1000g&Rieh, Ottawa,
Canadaremote eydracking camera at a sampling rate of 500€&libration, validation, and
scan path recordings were made for the right eyenbstparticipantshowever, alibration
for the right eye was unsuccessful for two participants in the NF1 group. For these
participantsthe calibration procedure was repeated for the left eye and subsequent eye
movement recordings were made for the left eye.

A 9-point calibration method was used beftire social scene trials. Participants were
instructed to fixate on a centrally placed black dot (10mm in diameteigh appeared in the
centre of the.screen. The dot then moved to eifferent locations anandthe screen, and
participants'were instructed to follow its movements with their eyes. Theal@dto a new
locationafterparticipants had fixated on the dot for at least 1000ms. The experimental
proceduresproceeded once adequeatidration was achieved ensureccurate fixation
recordingwas possiblat dl pointson the computer screen.

A black dot was presented in the centre of the screel0féims immediatelyefore
each social scene to control for the initial point of retinal attention. Participants were only
able to progress to the next social scene trial once they had fixated continuousdy on thi

central dot for 200ms. Once adequate central fixation was obtained, manual experimente
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control initiated the next trial, arttle central fixation dot disappeared and was replaced by a
social sceneensuringhat all participants were attending to the centre of the screen as soon
as the scemappeared. Central fixationaggpeared in between each social scene bniarder

to record the most naturalistic scan path information, participants were instructed only to

‘look at’ eachrimage. Scene stimuli were vielsassively for 1000ms each.

Areas of interest

Areas of interest were traced using the Eyelink Data Viewer freatramdng function. For

all scenes, a ‘kaces’ area of interest was defined as the sum of all faces (traced around the
hairline) within the scene.

Visual scan path parameters

Visual scan path parametesslected for analysis includédean time to first fixation{mean
length of time immillisecondsfor the first fixation to eter a defined area of interestyjean
dwell time‘per cent{mean percentage of time spent attending to an area of interest relative to
the total time.spént attending to the screan§i‘mean fixation per cent’ (mean percentage of
fixations made within a defined area of interest). Similar patterns of results were found for
‘mean dwell'time per centind ‘mean fixation per cent’, and so only the former is reported.
An adjustedmean dvell time per cent to facewias generated, defined ‘azean dwell time

per cent to faceslivided by thémean dwell time per centb the whole scene image. The
adjustedmean dwell time per cent’ was used for analyses investigatiregher children

with NF1 spetiless time overall viewing faces than contr@igpothese 2and 3)as it

enabled us tensure that the experimental results reflected ‘true’ attention to face stimuli in
the context of the social scenes rather thantadgk’ behaviour (e.gff-screen eye
movements). This was considered particularly important given the rate of comorHid AD

in the NE1 group.

Statistical analysis

Data wereqanalysed usiigedictive Analytics SoftWar8tatistics Version 1PSS Inc.,

Chicago, USAYor Windows.Group differences were explored usingirasiependent samples
t-test Given the uneven male:female ratio between groups, Pearson prodoatat
correlationswvere conducted to explore relationships between sex aregyetnacking

variables of interest to address the possibility of bias due to sex effects. Pearson correlations

were alsaused to investigate relationships between eye-tracking variables and participant
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characteristics, including age, FSIEED traits andface perceptionA p-value of 0.05 was
used for all analyses to indicate statistical significance.

RESULTS

Do childrenrwith'NF1 take longer initially to look at faceswithin a scene?

Figure 1 displays thenean time to first fixationto face stimuli inmilliseconds, averaged
across all social’'scenes footh groups. fiere was no significant difference between groups
in the amount of time taken to initially fixate on facgs)E0.50,p=0.617, Cohen’sl=0.15),
suggesting_that children withF1 initially focused their visual attention on faces within a
social scene as/quickly as the comparison grobere were no significant relationships
between sex arfthean time to first fixationin the NF1 or typically developing control
groups (botfp>0.82).

Do children with NF1 spend lesstime viewing faces within a scene?

Figure 2 displays thenean dwell time per cent to faces’ (averaged across all social scenes)
for NF1 and.typically developing control groups) independent samplégest revealed a
significant'difference between the groups, such thraaverage, the NF1 group spent less
time attending tdaces in the scenes than typically develomagtrols {s=—2.03,p=0.04
Cohen’sd=0.59. There were no significant relationships between sex and adjusted ‘mean
dwell time per cent to facesi the NF1 or typically developing control groups (both
p>0.343). Box plot®f ‘mean time to first fixationand‘mean dwell time per centb faces

are included as supplementary dgtapendix S1, online supporting information).

I sattention to faces within social scenesrelated to participant characteristics?

Table 1l shews correlations between #ye-trackingvariables (mean time to first fixation’
‘mean dweéll.timé per cent to facgsindthe participant characteristics of age, FSASD
traits, and faceperceptiorabilities There were no significant relationships between gaze
behaviourssand‘age in either grdafl p>0.30). While higher FSIQ was associated with a
quicker‘mean time to first fixation{p=0.04) and a longémean dwell time per cent to
faces’(p=0.02)in thetypically developing comparison group, there were no significant
associations between these gaze bebay and FSIQ within the NFdample(all p>0.44).
Associations betweeASD symptoms and gaze behaviours revealsijaificant positive
correlationbetweernSRStotal scores antinean time to first fixationin the NF1 group

(p=0.03 Fig. 3). There waslsoa significant negative correlation betwegRStotal scores
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and‘mean dwell time per cent to facgp=0.02) for NF1 participant®o correlations
between gaze behaviours and face percepjpnoached statistical significance for either the
NF1 (allp>0.25) or typically developing group (gt&0.21).

Although numbers are small, we conducted an exploratory analysis investigating
whetherithere'were any demonstrable differences wtragking parameters between
participants with-NF1 only and those with comorbid ADHD. There were no differences
either ‘time to first fixation'(t.»=—1.69,p=0.16) or‘dwell time per cent to faces NF1
participantswith versus without ADHD(»=—1.93,p=0.11).

DISCUSSION
The ains ofthis studyvereto investigate the manner in which children with NF1 attend to
faces within'a social scemad to investigate the relationship between attention to faces and
the participant characteristics of age, FSAQD symptomsand faceperception skills
Contrary to_our predictions, children with NF1 did not take longer than the comparison group
to first fixate on a face within a social scene. This suggests that children with NF1 do not
initially avoidJdeeking at faces and aigtially attracted to facessareadily as typically
developingeontrols.However, as predicted, children with NF1 spent significantly less time
overall looking at faes within the scenes compared watintrols. This is consistent with the
limited available'research in the afaghich suggestshatchildren with NF1 spend less time
looking at faces than typically developing children when presented in isolation. This study
extends previous findings by replicating this effect using more ecologically viatidlist
which included both social and non-social information. Furthermore, by analiising t
adjusted mean dwell time perent, our results reflect attention allocated to fasghin
social scenes rath#rantime spent lookingff-screenthereby accounting falevated levels
of ‘off-task.behaviour’ that might be expected owioghe attention deficits that are common
in childreniwith. NF12* These findings add to the growing body of research supporting face-
processingrabnormalities in individuatith NF1>~

In relation to our secondary aims, our hypothesis that attention to faces would be
correlatedwith ASD traitsin children with NF1 was supported. Specifically, results indicated
that elevated ASD traitwere associated withlangertime takento first fixate on a face and
shortertimesfixating on faces overall. These findings suggestplaaicipants witiNF1 with
elevatedASD symptoms have a tendency towards decreased face gaze and an atypical
allocation of attentionThus,for participantsvith NF1, faces did not capture attentioroab

and beyond other aspects of the environment to the same degree as typically developing
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children a trend greater in individuals widtevatedASD symptoms. From a developmental
perspective, reduced attention to faisesxpected to impaadn thesocialfunctioning and
maturation okocial cognitive abilities of affected childrdhchildren with NF1 spend less
time than is typical viewing faces, it is likely that they will have decreaseésgo the
importantsoeial’cuesontained within the fac&his will resultin less opportunigsto

perfect skills of social communication that are derived from facial expressions ahkielyill
affectthe learning of appropriate social behaviours.

Fornthe ages studied here, theer@no associationBetweerfacedirected gaze
behaviour and,age, in either group. However, we cannot assume that the patterns observed
here will be evident ipatients outsidef this age range, particulangfants, toddlers, and
young children'with NF1. Indeedyidence from a large pooled sample suggests that severity
of SRSderived"ASDtraits vary considerably from preschoadred children (less elevated) to
schoolaged children (more elevatéd)Given the developmental importance of viewing
facesin infancy and early childhood, it will be important txaenire face gaze characteristics
in a younger cohort of children with NRb, determine whether the patterns evident in the
current study-will be replicated, or whethie parentreported ASD symptos? face
directed gaze behaviour is also attenuated in younger children.

The resultof the current studgre somewhat consistent with similar studegsorted
in the idiopathie ASD literature. While we did not demonstrate the reduced time to first
fixation that is typical in idiopathic ASD studies, our finding of shorter olvéna¢s focused
on faces is consistent withe idiopathicASD literature?®?’ The significantelationshipsve
reportbetween length of face gaze and levet®ferity of ASD symptoms with more
severe ASBsymptomgelated to decreased face gazeave also been replicated in previous
idiopathic ASD studie$’ Thisfinding adds important behavioural data to the growing
evidence base linking the NF1 phenotype to ASD-typical behavidtitslowever there are
some differences between behavioural features typically seen in ASD and thosel ieporte
NF1. For example, our previous etyackingstudy reported norm&hcescan paths
children with=NF1 including attention to theyeregion’ While too few studies exist to form
firm conclusions, emerging findingdso sggest that ASD features observed in Nird
characteded by better eye contact than idiopathic ABo while the current findings
indicate atypical attention to faces in NF1, the broader NF1 literature suggasiely welt
preserveaye contact andcanning ofacefeatures.

Our final hypothsis, that attention to faces would be associatedfath perception

skills in children with NF1 was not supported. Although significant face perceptimitslef
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were evident in our NF1 sample, correlational analyses failed to detect a relationshimbetwee
these skills and attention to faces. Of note, these skills were also not significantly related in
the comparison group. These findings are consistent, inyitirtthose of Wilson et af°
who failed to detect a significant relationship between time spent viewing people and face
perception skills'in their sample of children wABD, but identified a significant
relationship between poorer fag®tching skills and a preference for initialiyating on
objects over faces in this group. We did not investigate relative attention to faces vers
objects in the present studypwever this will be an important task for future research.
Further study will be necessary to explore the mechanisms underlying the reduced
attention to,faces identified in children with NF1. In particular, it would be interesting to
examine the influence of different task instructions on scene scanning behaviosir in thi
cohort. While the present study investigated more naturalistic scanning of seniedvgith
minimal task instructions (i.e. to ‘look atach scene), the addition of an explicit sacial
cognitive task (e.gdescribewvhat is happening in this s@hmay alterthe allocation of
visual attention to faces in children with NF1. It would also be interestingpéatreur study
usingdynamie.sécial scendlat more closely approximate reabrld social interaction$:
Investigating the relationship leten attention to faces and dayday social
functioning in childen with NF1 will also be an important focus for future research. There is
increasing evidence to suggest that NF1 is associated with botpréaassing abnormalities
and significantly poorer social outcomes compared thighgeneral populatior™’ While the
findings of the current study indicate preliminary support for a relationship betvygeécaht
facedirected attention and ASEelated behavioural difficultie$heassociations between
these variables in children with NF1 remain unchat the psychological constructs driving
the observed poor attention to faeesnot known. Futureesearclshould examine
relationships between attention to faces in childviéh NF1 and social cognitive outcomes,
observerepotedmeasures of daip-day social functioning, and psychological well-being.
Developinga'better understanding of how reduced attention to faces might impacyon dail
social functiening in children with NF1 would inform the development of social inteorenti
and remediation programes at home and school.
Our present findings suggest that clinicians and education professiomal$ sh
consider the potential impact of reduced attention to faces in childreiNftlwhen
designing and implementing treatment progmaes for social dysfunction in this population.
Faces are a unique class of visual stimuli, containing large amounts of sociantel

information, including another person’s agex thoughts and feelingand familiarity*® As
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such, the ability to attend to and decode information from faces is critical for successful
reciprocal social interactions. The present results suggest that children with NBb&me&y
from explicit instruction and practice aimed at teaching them how to attend to information
from faces in their dayo-day social interactions. Designing and trialling intervention
progranmes-and examining their efficacy in children with NF1 will be important tasks for
future studiesin the field of NF1.

The 'main limitation of the present study was our relatively small sample size.
Although an NF1 sample of 24 children is reasonable in relation to other studies in this
population’ a larger sample size would be beneficial in fusitalies so that relationships
between face processing, cognitive abilities, behavioural feaanmdsexternal factors (e.g.
family enviromment, soci@conomic status)an be explorech more depth. The two groups
were also not matched on so@conomic statusAs NF1 is associated with significantly
higher rates of ADHD, ASD, and social anxiety disorder than the general popttatich,
future research should include subtypes of these comorbidities. For example rto bette
understand how syndromic ASD in individuals with NF1 affects face processing and
attention to.the.eye region, NF1 cohorts should be split into those with andtwASBDLand
preferably‘compared with matched idiopathic ASD groufss faceprocessing abnormalities
have been identified in individuals with idiopathic ADHD, ASD, and social anxietyd#sor
it may also be«valuable tonsider the potential mediating effects of thesmorbid
psychopathologs on face processing in NE1123233

In summary, our findings suggest that children with NF1 sjpessitime attending to
faces than typically developing childresmen presented in the context of static social scenes.
Exploring the mechanisms underlying this effect, as well as the relationshigsehet
reduced attention to faces and real-world social functioning in children with NHiewil

essential areas for future research.
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The following additional material may be found online:

Appendix S1: Box plots demonstrating participant performances on the two primary eye-

tracking outcomes.
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Table |I:"Demographic characteristic$ study and comparison groups

NF1 group TD group T score
Sex male/femalerf) 7117 13/11 3.09
Right-handed/left-handead) | 22/2 22/2 0.00°
Age (y:mo) 10:4 (1:9) 10:3 (2:0) 0.05
Range (y:mo) 6:8-12:1 6:8-13:5
FSIQ’ 90.54 (9.83) |106.71 (12.19) | -5.0¢
SRS totd 60 (15.61) - -
Face perceptidn —0.56 (1.03) | 0.50 (1.05) —3.56
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Values are mean (SD) unless otherwise ndjédtatistic "Standard score, mean 100 (SD
15).“Wechsler Intelligence Scale for ChildrdfourthEdition. “Wechsler Abbreviated Scale
of Intelligence ®n=18, Tscoremean 10qSD 15).Z-score mean0 (SD 1). 9p<0.01. NF1,

neurofibromatosis type 1,00 typically developing; FSIQ, Fubcale IQ; SRS, Social
Responsiveness Scale.

Tablell: Rearson’'roductmomentcorrelationcoefficientsbetween eydracking variables
andface perception andull-scale 1Q ESIQ)

Eyetracking variable  Age FSIQ SRS total Face perceptidh
NF1 group

Mean time _tosfirst 0.09 -0.17 0.5 0.25

fixation,to face

Mean dwell time per — 0.06 —0.57 -0.22

cent
TD group

Mean time to first ~ —0.22 —0.47 -~ —0.01
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fixation to face
Mean dwell time per —0.16 0.49 - 0.26

cent

3 acial recognition tesfp<0.05. SRS, Social Responsiveness Scale; NF1, neurofibromatosis

type 1; TD,typically developing.

Figure Ix Meantime tofirst fixation toface stimuli fomeurofibromatosis INF1) and

typically develeping TD) control groups. Error bars represefitstandard error.

Figure 2: Adjustedmean dwell time per cent to fades neurofiboromatosis 1 (NF1) and
typically developing (TDxontrol groups. Error bars represeftstandard errofp<0.05.

Figure 3: Seatter plots representing relationships betwesoofes as measured by the Social

Responsiveness Scale (SRS) total seokthe eydracking parameters ¢&) time to first
fixation and (b)mean face dwell time
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