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ABSTRACT

Videosocialstoriesareusedtofacilitateunderstandingofsocialsituationsforadolescentswithautism
spectrumdisorder(ASD).Thisstudyexploredtheuseofeyetrackingtechnologytounderstandhow
adolescentswithandwithoutASDvisuallyattendtovideosocialstorycontentandwhethervisual
attentionisrelatedtocontentcomprehension.Sixadolescents,withandwithoutASD,viewedavideo
socialstoryofvisitingadentaloffice.Eyegazemetrics,includingfixationdurationandcount,and
visitdurationwerecollectedtomeasurevisualattention,andaknowledgeassessmentwasadministered
forcomprehension.ResultsindicatedadolescentswithASDfixatedandmaintainedvisualattention
atrateslowerthanpeerswithoutASD.AdolescentswithASDscoredhigher(M=77.78)thanpeers
withoutASD(M=72.22)ontheassessmentindicatingnorelationshipbetweeneyegazemetricsand
knowledgeaccuracy.Impactandimplicationsofvisual imagetypeonfrequencyanddurationof
visualattentiongeneratedbyparticipantsisdiscussed.

KEyWoRDS
ASD, Auditory Attention, Personalized Video Social Stories, Visual Attention

INTRoDUCTIoN

Autism Spectrum Disorder (ASD) is a heterogeneous, neurodevelopmental disorder affecting
approximately1%ofthepopulationworldwide(CentersforDiseaseControlandPrevention[CDC],
2018).BehavioralmanifestationsofASDincludedeficitsassociatedwithsocial-communicationskills
andpragmatics,aswellasthepresentationofstereotypical/repetitivebehaviors,strictadherenceto
routines,andlimitedintereststhatcanpersistthroughtheperson’slifetime.Furthermore,individuals

https://orcid.org/0000-0001-6850-3948


International Journal of Biomedical and Clinical Engineering
Volume 10 • Issue 1 • January-June 2021

2

with ASD often display sensory processing differences resulting in hypo/hypersensitivity to
environmental sensory information (American Psychiatric Association, 2013). The combination
ofpoorsocialcommunicationskills,sensorysensitivity,anddesireforsamenessexperiencedby
individualswithASD,oftenresultsinextremeanxietyand/orstressinunfamiliarornovelsituations
during which social interaction is required. For some individuals with ASD, this stress and/or
anxietymaymanifestasinappropriateself-stimulatoryorstereotypicalbehaviors,suchasscreaming,
hitting,orrunning,whichfurtherimpedesparticipationandinclusioninsocialinteractionactivities.
BecauseindividualswithASDhavedifficultypredictingwhatwilloccurduringnovelsituations,itis
essentialtoidentifyandutilizeempiricallybasedmethodsthatassisttheseindividualstopreparefor
unfamiliarornovelsituationsinadvance.ExposingindividualswithASDtothepotentialactivities
and/orinteractionsthatmayoccurduringanovelsituationinadvancemayreducetheoccurrence
ofinappropriatebehaviorsrootedinstressand/oranxietytriggeredbythesituation.Assuch,the
individualwithASDmaybecomemoreamenable toexperiencingnovelorunfamiliarsituations
requiringsocialinteraction,therebyfacilitatinganincreaseinsuccessfulsocialoutcomes.

Forover20years,educatorsandpractitionershavebeendesigninginterventionsforchildrenand
adolescentswithASDusingsocialstories(Delano&Snell,2006;Gray&Garland,1993;Kokina
&Kern,2010;Kuoch&Mirenda,2003;Reynhout&Carter,2006;Sansosti&Powell-Smith,2006;
Scattone,2008).Originallydeveloped in1993byCarolGray,SocialStories™are shortbooks
describingasocialeventfromtheperspectiveofthepersonreadingthestory(Gray2004;Gray&
Garland,1993;Qi,Barton,Collier,Lin,&Montoya,2018).Socialstoriesarereviewedpriortoa
specificsocialsituationandarenotutilizedtoelicitaspecificchangeinbehavior,buttofacilitatethe
understandingofsocialsituationsandtheperspectivesofotherindividualsinthesetting(Gray,2004).
Traditionalsocialstoriesoftenpairvocabularyandlanguage,commensuratewiththecommunication
levelofthechildoradolescent,withaseriesofimagesorphotographsthatillustrateasituation,event,
orexpectationandprovidedescriptionsoftherolesothersplayinthesamplesituation.Furthermore,
thesocialstoryprovidesthechildoradolescentwithASDanexampleofthesequenceofeventsand
reflectsenvironmentalcuesandsocialinteractionslikelytooccurduringthesituation.Usingsocial
storieswithchildrenoradolescentswhohaveASDprimestheuseofappropriatesocialresponses
byprovidingamodeloftheskillsneededtoengagesuccessfullyinthesituation(Delano&Snell,
2006;Sansosti&Powell-Smith,2006;Scattone,2008).Assuch,theuseofsocialstorieshasresulted
in positive outcomes such as reducing disruptive behaviors (Scattone, Wilczynski, Edwards, &
Rabian,2002);decreasinginappropriatesocialbehaviors(Graetz,Mastropieri,&Scruggs,2009),
and increasingprosocial behaviors for preschool childrenwithASD (Crozier &Tincani, 2007).
Additionally,socialstoriesasaninterventionareattractivetopractitionersbecauseoftheeaseof
implementation,individualization,andmodification(Bozkurt&Vuran,2014).

Despitethepositiveoutcomesreportedwiththeuseofsocialstoriestoreduceinappropriateand
disruptivebehaviors(Graetzetal.,2009;Scattoneetal.,2002),theliteratureisinconsistentwithregard
totheimpactofsocialstoriesoninternal,self-regulatoryprocesses.Forexample,Grayandcolleagues
(1993)reportedtheuseofvideosocialstorieswithchildrenwithASDincreasedappropriateengagement
duringnoveleventsrequiringsocialinteraction.However,itwasunclearwhethertheuseofvideosocial
storiesledtopositiveoutcomesbecausetheinterventionincreasedpredictabilityinthenovelsetting,
which,inturndecreasedanxietyand/orstress,orbecauserepeatedexposuretothesocialstoryresulted
inthelearningofactualsocialskill(s)thatgeneralizedtothenovelsetting.Furthermore,althoughmost
socialstoryinterventionsincludeembeddedphotographsofthechildoradolescenttargetedbythestory,it
isunclearwhetherthechildoradolescentreading/watchingthesocialstoryactuallyvisualizethemselves
astheprimaryparticipantinthestory,andconsequently,thesetting(Sansosti&Powell-Smith,2006).
Unfortunately,itcanbeextremelydifficulttogeneratephotographsorvideosofachildoradolescent
withASDengaginginappropriatesocialinteractionskillsinanovelsettingthatcanthenbeusedto
createasocialstoryforthatchildoradolescent.Therefore,newtechnologiesshouldbeexploredthat
helppractitionerscreatepersonalizedsocialstories.
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Chen,Bobzien,Bruhn,Zhang,andHsu(2014)soughttoaddressthelackofindividualizationin
socialstoriesbycreatingpersonalizedvideosocialstories.Thisstudy(Chenetal.,2014)measured
theimpactofavideosocialstorycreatedusingVideoFaceReplacementTechnology(VFRT)onthe
occurrenceofbehaviorsassociatedwithanxietyandfearinchildrenwithASDduringroutinedental
examinations.VRFTincorporatedtheuseofacomputationalmethodandmultimediaapplicationto
transposethechild’slifelikefacialfeaturesandskintoneontoamodelappearinginavideosocial
storyaboutgoingtothedentist(Chenetal.,2014).ThreechildrenwithASD,betweentheagesof
nineand ten,whoseparentshad reportedextremedifficultyduringdentalvisits as indicatedby
inappropriatebehaviorsdisplayedbythechildduringthedentalvisit(e.g.screaming,kicking,biting,
crying),participatedinthestudy(Chenetal.,2014).Responsesgivenbytheparticipant’sparents
onadentalfearsurveyadaptedfromtheChildFearSurveySchedule-DentalSubscale(Cuthbert&
Melamed,1962)priortothestartofinterventionindicatedallparticipantswithASDappearedvery 
afraid/anxiousduringdentalvisits.During intervention,eachparticipantwatchedapersonalized
video social story followingadecreasingweeklyviewing schedule (e.g. five timesduringweek
one,fourtimesduringweektwo,threetimesduringweekthree,etc.)priortovisitingthedentist.
Assuch,eachparticipantwithASDhadtheopportunitytoview“themselves”engaginginspecific,
appropriatebehaviorsduringthedentalvisit.Furthermore,theparticipantsvirtuallyexperiencedthe
sequenceofactivitiesfollowedduringthedentalvisit(Chenetal.,2014).Followingintervention,
eachparticipantvisitedthedentalclinicdepictedinthevideosocialstoryforacleaningandthe
participant’sparentsrepeatedthedentalfearsurvey,thistimefocusingonthechild’sbehaviorsduring
thisdentalcleaningappointment.Observationaldataresultsindicatedallparticipantsdemonstrated
few inappropriate behaviors and more importantly, all participants imitated several phrases and
appropriatebehaviorsmodeled in thevideosocialstoryduring thedentalcleaningappointment.
Likewise,parentsperceivedaconsiderablereductioninfear/anxietyrelatedbehaviorsduringthe
follow-updentalappointment.Despitethesepositiveresults,datacollectiontechniquesutilizeddid
notindicatewhethertheindividualizationandpersonalizationofthevideosocialstoriesactually
contributedtopositiveoutcomesorwhetherthepositiveoutcomesweresimplyaresultoftheuseof
thevideosocialstoryinterventionitself.

Subsequently,Chenandcolleagues(2015)soughttoextendtheresearchonvideosocialstory
design, implementation,andcontentbymeasuring the impactofpersonalized imagequalityand
informationsaliencyonattentionandprocessingofadolescentswithASD.Usingavideolearning
analyticssystem(VLAS;Giannakos,Chorianopoulos,&Chrisochoides,2015),Chenandassociates
(2015) trackedandquantitativelycalculated theparticipant’s interaction (e.g.accessing theplay,
pause,backwardand/orforwardcontrols)withtwodigitallyrenderedsocialstoryvideosofgoing
tothedentist.Althoughbothvideosocialstoriesweregeneratedusingthesamedigitaltemplate,
oneofthevideosocialstoriesincorporatedphotographsofagenericpeermodelwhilethesecond
incorporatedVFRTtocreateapersonalizedvideosocialstory(Chenetal.,2014;Chenetal.,2015).
ResultsindicatedthatbothparticipantswithASDattendedmoreconsistently,andinteractedmore
often,withthepersonalizedvideosocialstorywhencomparedtothevideosocialstorywiththe
genericpeermodel(Chenetal.,2015).Onceagain,althoughincreasedattentionandinteraction
weredemonstratedduringtheuseofapersonalizedvideosocialstory,itwasunclearwhichaspects
ofthevisualcontentwithinthepersonalizedsocialstoryencouragedtheincreasedvisualattention.

InanefforttoascertainwhetherchildrenandadolescentswithASDdemonstrateapreferenceto
specifictypesofvisualcontent,therehasbeenanincreaseinresearchusingeyetrackingtechnology
asadatacollectionmetric,especiallyaseyegazerelatestosociallyrelevantvisualstimuli(Guillon,
Hadjikhani,Baduel,&Roge,2014;McPartland,Webb,Keehn,&Dawson,2011;Mondloch,Grand,
&Maurer,2002;Mondloch,Robinson,Maurer,2010;Renzi,Shiavi,Carbon,2013;Tsang,2018).
Eyetrackingmetricsreflectunderlyingcognitiveprocessesbydeterminingtheallocationofvisual
attention(e.g.whereapersonislooking)whenviewinganimage,anobject,oraperson(Karatekin,
2004;Karatekin,2007;Karatekin,Marcus,&Couperus,2007).Assuch,researchincorporatingeye
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trackingdatacollectionmetricshasthepotentialtoprovideanswerstorelevantquestionsrelatedto
clinicalinterventionsandindividualdifferencesdemonstratedbypeoplewithneurodevelopmental
disorders(Venker&Kover,2015).Todate,researchspecifictochildrenandadolescentswithASD
thatutilizedeyetrackingdatacollectionhasfocusedonfacialemotionrecognition(Tsang,2018),
faceregionpreferencesduringsocialexchanges(Mondlochetal.,2002,2010;Renzietal.,2018),and
patternsofvisualattentionwhichreflectsocialfunctionand/ordeficits(McPartland,Webb,Keehn,
&Dawson,2011).Althougheyetrackingdatacollectionmetricshavebeenusedtoexplorevisual
attentiontohumanfacesbychildrenandadolescentswithASD,thereispaucityofresearchusing
thismetrictodetermineifspecificvisualcontent/stimuliresultsinvariabilityinvisualattentionto
videosocialstories.

Assuch,thepurposeofthisresearchistodeterminethefeasibilityusingeyetrackingmetrics
andacontentcomprehensionmeasuretoidentifydifferencesinvisualattentionduringpersonalized
videosocialstoriesbyadolescentswithandwithoutASD.Specifically,thisstudyseekstoidentify
therelationshipbetweenspecificvisualcontentinpersonalizedsocialstoriesandthecomprehension
andinternalizationofthesocialstorycontent.

METHoDS

First, we identified three categories of visually salient social story content: object, person, and
environment.Then,weengagedadolescentswithandwithoutASDinwatchingpersonalizedsocial
storyvideos.Wehadbothgroupsanswermultiplechoicequestionsrelatedtosocialstoryknowledge
whichalignedwithobject,person,environment,andinformationpresentedauditorilyonly.Finally,
weanalyzedgroupdifferencestodelineaterelationshipsbetweenpersonalizedsocialstoryvideo
contentandvisualattentionprocesses.

Participants
Sixadolescents,threediagnosedwithASDandthreewithoutadiagnosisofASDparticipated
inthestudy.Allsixparticipantsrangedinagefrom11–16years,allparticipatedingeneral
educationclassroomsattheelementaryorsecondarylevel,andalldisplayedvisualacuitywithin
normallimitsaccordingtoparentreport.Participant1wasa16-year-oldmalediagnosedwith
high-functioningASD.Accordingtoassessmentreportsprovidedbytheparents,participant1
displayedaverageintelligenceandage-appropriatecommunicationskills;however,heexhibited
socialskilldifferences(e.g.fleetingeyecontact,littlejointattention,etc.)andsensoryaversion
totactileandolfactorystimulation.Participant2wasa14-year-oldmalealsodiagnosedwith
high-functioningASD.Assessmentreportsprovidedbytheparentsofparticipant2indicated
average intelligence, but deficits in both age-appropriate communication and socialization
skills.Furthermore,participant2displayedsensoryaversiontotactileandauditorystimulation.
Participant3wasa13-year,4-montholdmalewhoreceivedadiagnosisofhigh-functioning
ASD until he was approximately 6-years-old. Information provided on assessment reports
supplied by his mother, denoted average intelligence and communication skills; however,
hewoulddisplaymildinappropriatebehaviors(e.g.refusal,elopement, jumping,shouting)
whenanxiousand/orfrustrated.Participant4wasa15-year-oldfemalewhoseparentreported
had no previous, or current, diagnosis of a neurodevelopment and/or cognitive disability.
Similarly,participant5wasa12-year-old femalewhowasalsoconsidered tobebothage-
appropriateanddevelopmentallyappropriateinallareaswhencomparedtosame-agepeers.
Participant6wasa11-yearoldfemalewhohadnothistoryofaneurodevelopmentaland/or
cognitivedisabilityandwasjudgedtobedevelopmentallyage-appropriateinallareas.Table
1summarizesparticipantcharacteristics.
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Materials
Six,threeminutelongvideosocialstoriesdepictingavisittoadentalclinicweregeneratedusing
VFRT.Althoughallvideosocialstoriesweregeneratedfromthesametemplate,eachstorywas
personalizedbyincludingdigitallyrenderedimagesofthecorrespondingparticipant.Inordertorender
ahighqualityvideo,anapproachcreatedbyBitoukandcolleagues(2008)wasappliedtomeasure
theheadposition,resolution,colorandlightingofthesubject,whichareusedtoprovideguidance
toseamlesslyblendthetargetofinterestintotheimagetemplate.Next,threeGestaltproperties(i.e.,
symmetry,continuityandproximity)wereappliedtoprovidefeedbackontheblendingquality,which
issummarizedasthefollowing.

LetΩbethedomainofdefinitionofasceneimage,Ω=RB∪RS.RBandRSdenotetheregions
thatbelongtobackgroundsandforegrounds,respectively.Afterthebackgroundidentification,we
knowthatmostofthestructuredobjectsintheimagearecontainedinasub-regionRS⊂Ω.LetΡ0
betheinitialpartitionofΩfromabottom-upsegmentationmethod.Letadenoteauniformpatch
fromtheinitialpartitionΡ0.For∀(a∈Ρ0)∧(a∈RS),aisoneoftheconstituentpartsofanunknown
structuredobject.Basedontheinitialparta,wewanttofindthemaximumregionRa⊂RSsothat,
theinitialparta∈Raandforanyuniformpatchi,where(i∈Ρ0)∧(i∈Ra),ishouldhavesomespecial
structuralrelationsthatobeythenon-accidentalnessprinciplewiththeremainingpatchesinRa.This
isformulatedasfollows:

R E R a R R R
a

R
S

= ∂( ) ∈( )∧ ∈( )argmin [ ]  with  (1)

whereRisaregioninRS,∂RistheboundaryofR,E[∂R]isaboundaryenergyfunction,whichis
definedasfollows[15]:

E R
f x y dxdy

L R
R[ ]

( , )

( )
∂ =

−∫ ∫

∂
 (2)

whereL(∂R)isthelengthoftheboundaryofR. f(x,y)istheweightfunctioninregionR.Theboundary
energyfunctionprovidesatoolformeasuringhowgoodaregionis.Thecriterionofregiongoodness
dependsonhowtheweightfunctionf(x,y)isdefined.Onecanusef(x,y)toencodeanyinformation
(e.g.,colorortexture)overtheregionR.

Video Social Story Knowledge Measure
Theresearchteamcollaboratedonvideosocialstorycontenttoidentifyvisualandauditorycues,
whichsignalcontentsaliencyandreflectcomprehension.Thosecueswerelabeledasobject,person,

Table 1. Characteristics of participants

Participant Gender Age (years) Diagnosed Disability

1 Male 16 High-functioningASD

2 Male 14 High-functioningASD

3 Male 13 High-FunctioningASD

4 Female 15 None

5 Female 12 None

6 Female 11 None
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environment,orauditory,andmultiplechoicequestionsweredevelopedtargetingeachcue.Three
questionsweredevelopedpercuelevelforatotalof12multiplechoicequestions.Questionsrelated
toobject,person, andenvironmentweredesigned so that theycouldonlybeanswered ifvisual
attentionwasgiventothetargetcues.Themultiplechoicequestionswereaddedtothetestprotocol
asthevideosocialstoryknowledgemeasure.Participantswereabletoselectoneofthemultiple
choiceanswersusingmouseclicksaseachmultiplechoicequestionwasindividuallypresentedon
thecomputerscreenfollowingtheconclusionofthevideosocialstory.Aligningeyegazemetrics
withacomprehensionmeasureprovidesinsightregardingbothgatheredinformationandinformation
generation(Serrano,Owens,&Hallowell,2018).

Eye Tracking Technology
EyetrackingdatawererecordedandanalyzedusingtheTobiiProX2-60computerscreen-based
eyetrackerwithTobiiStudioanalysissoftware.TheTobiiProX2-60recordseyemovementsusing
infraredcornealreflectivetechnologyatasamplingrateof60Hz(i.e.approximatelyonceevery
16.23milliseconds).Gazedataaccuracywaswithin.4degreesofvisualangleandprecisionwas
within.34degreesofvisualangle.Tobii’seyetrackingtechnologyiseffectiveforgeneratingreliable
andvalidbrain/behavioroutcomesforchildrenandadolescents(Melinder,Konijnenberg,&Sarfi,
2013;Richmond&Nelson,2009).Theelectronic,personalizedsocialstoryvideosweresavedin
WindowsMediaAudio/VideoFile(.wmv)formatandaddeddirectly toTobiiStudioasamovie
element.ThevideosocialstoryplayedasamovieonaDellUltraSharpU-12HMmonitorwitha
resolutionof1920x1080.

Inordertocorrespondtothevideosocialstoryknowledgemeasure,thedigitalstorywasanalyzed
toisolatescenescontainingrelevantobject,person,orenvironmentalcuesrelatingtoeachofthe
12multiplechoicequestionsonthemeasure.Sincethepersonalizedvideosocialstoriescontained
dynamicvisualstimuli,staticsceneswerecreatedusingTobiistudioanalysissoftware.Atotalof24
staticsceneswerecreatedpersocialstory.Thesesceneswereapproximatelysixsecondsinlength
and identical acrossparticipants.Sceneuse facilitates the reliableandvalidcreationof areasof
interest(AOIs)(Figure1).AOIswerecreatedbyoverlayingdifferentshapedboxesondefinedareas
ofvisualstimuliwhichwereofinterest.ThreedifferentlevelsofAOIswerecreated:object,person,
andenvironmentand included inscenes,asappropriate.AOIswereconsistent insizeandshape
acrossscenesandparticipants.Datafromobject,person,andenvironmentAOIswereaggregated
bythegroupingfunctioninTobiiStudio.AnAOIgroupcollectseyegazemetricsfromsingleAOIs
acrossthemediaelement.

Fromtheaggregatedobject,person,andenvironmentAOIs,threedependenteyegazemetrics
werecalculated:(1)totalfixationduration–reflectstheamountoftimetheparticipant’sgazeis
maintainedor is relativelystillonanAOI; (2) fixationcount– reflects thenumberof times the
participantmaintainsgazeinanAOI;(3)totalvisitduration–visitsaredwelltimesortheamount
oftimefromwhentheparticipantfirstfocusesonanAOIuntilhe/shelooksaway.Eyegazemetrics,
suchasfixationsandvisits,havebeenusedinotherresearchprojectsandempiricallyconfirmed
asvalidindicesofvisualattention(Boivin,Weiss,Chhaya,Seffren,Awada,&Sikorskii;Heuer&
Hallowell,2009).

Design and Data Collection Procedures
Thisexploratorystudyusedaquasi-experimental,mixedmethodsgroupresearchdesign.Specifically,
a2X3mixeddesignwasusedwithvisualcuetypeasthewithinsubjectmanipulationanddiagnosis
(i.e.ASDvs.non-ASD)asthebetweensubjectmanipulation.Twoprimarymeansofdatacollection
were utilized, a video social story knowledge measure, and eye-tracking technology. Data were
collectedduringindividualparticipantsessionsinaneyetrackinglablocatedonthecampusofan
urbanuniversitylocatedonthesoutheastcoastoftheUnitedStates.
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Procedures
Uponarrivalattheuniversity,participantswereintroducedtotheresearcherwhoengagedinsocial
conversationtodeveloprapportandhelpeaseanxiety.Afterapproximatelyfive-minutesofinitial,
socialconversation,participantswereledtotheeye-trackinglab.Theresearcherbrieflyexplainedthe
eyetrackingtechnologyandequipment.Then,theparticipantswereseatedapproximately25inches
fromthecomputermonitorandencouragedtoseekacomfortablerestingposition.Eachparticipant
was asked to watch calibration circles as they moved across the screen. Once the eye tracking
equipmenthadbeensuccessfullycalibrated,theresearcherprovidedspecificinstructionsregarding
theexperimentaltaskstotheparticipant.Specifically,thathe/shewouldbewatchingapersonalized
videoaboutgoingtothedentist.Participantswereinstructedtowatchandlistentothevideoasbest
theycouldbecausetheywouldbeansweringseveralmultiplechoicequestionspertainingtothevideo
afteritwasover.Theresearcherattemptedtoconfirmunderstandingpriortostartingthevideoby
givingtheparticipantanopportunitytoaskquestions.Oncetheparticipantindicatedunderstanding
oftheprocess,theviewingsessionbegan.Eachvideowasapproximatelythreeminutesinlength
andthesocialstoryknowledgemeasureappearedonthecomputerscreenimmediatelyfollowingthe
endofthepersonalizedvideosocialstory.Theentiretestingsessiontookapproximately30minutes
frombeginningtoend,includingresearcherintroductionandexplanation,systemcalibration,video
socialstoryviewing,andthecompletionofthecontentmeasure

RESULTS

During all phases of this exploratory study, no participants questioned the process nor did any
participantsaskforclarification.Assuch,participantsdidnotappeartohavedifficultyfollowing

Figure 1. Scene use facilitates the reliable and valid creation of areas of interest (AOIs)

(a) 

(b) 
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thedirectionsasexplainedandonaverage,completedthevideosocialstoryingviewingandvideo
socialstoryknowledgemeasureinapproximatelysixminutes.

Accordingtothedescribedmethods,socialstorieswereanalyzed,segmented,andcodedtoisolate
salientfeaturesofobject,person,andenvironment.Furthermore,thescenes,AOIs,andAOIgroups
werecreatedaccordingthemethodsdescribeabove.Participantresultswerecodedusinganumber
andstoredinTobiiStudio.Datawereextractedandanalyzedusingthestatisticsfunction.Means
foreachdependentvariable(i.e.threeeyegazemetrics)andrawscoresfortheaccuracymeasure
weregeneratedandenteredinSPSS.Atwo-waymixedorsplit-plotANOVAwasrunforeachof
thedependentvariables:totalfixationduration,fixationcount,totalvisitduration,andsocialstory
knowledgeaccuracy.Meanscoresandstandarddeviations(SDs)areoutlinedaccordingtogroupand
salientfeatureforeachofthedependentvariablesinTables2,3,and4.Themixeddesignincluded
diagnosisofASDasagroupingvariablewithtwolevels(i.e.ASDandnoASD)andvisualcuefeature
asthesecondgroupingvariablewiththreelevels(i.e.object,person,environment).Then,bivariate
correlationswereexaminedtoidentifypossiblerelationshipsbetweenvisualattentiontovisualcue
featuresandsocialstoryknowledgeaccuracy.

Total Fixation Duration
Totalfixationdurationwasmeasuredforeachvisualcuefeature(i.e.object,person,andenvironment)
byaggregatingobject,person,andenvironmentareasofinterestacrossthepersonalizedvideosocial
story.Totalfixationdurationreflectsmaintenanceofeyegazeonacertainlocationandwascalculated

Table 2. Mean fixation duration for each visual cue type in adolescents with and without ASD

Object Person Environment

Group N M SD M SD M SD

ASD 3 0.466 0.174 0.270 0.311 0.343 0.099

Non-ASD 3 1.667 0.564 3.607 0.779 0.660 0.274

Total 6 1.066 0.756 1.938 1.903 0.502 0.253

Table 3. Mean fixation count for each visual cue type in adolescents with and without ASD

Object Person Environment

Group N M SD M SD M SD

ASD 3 4.389 2.699 1.222 1.347 2.156 0.583

Non-ASD 3 7.556 2.988 12.333 3.214 2.778 0.509

Total 6 5.972 3.082 6.778 6.473 2.467 0.596

Table 4. Mean visit duration for each visual cue type in adolescents with and without ASD

Object Person Environment

Group N M SD M SD M SD

ASD 3 0.878 0.401 0.290 0.344 0.397 0.131

Non-ASD 3 1.919 0.610 4.051 0.816 0.690 0.267

Total 6 1.399 0.733 2.170 2.135 0.544 0.247
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inseconds.BetweenandwithingroupdifferenceswasanalyzedusingarepeatedmeasuresANOVA.
ResultsindicatedamaineffectofvisualcueF(2,8)=17.106,p<.005,etasquared=.810andamain
effectofgroupF(1,4)=122.66,p<.005,etasquared=.968.Thesemaineffectsweresubsumed
underatwo-wayinteractioneffectofdiagnosisandvisualcueF(2,8)=19.674,p<.005,etasquared
=.831.Figure2showsmeansandstandarderrorsofmeanfixationdurationonobject,person,and
environmentbydiagnosisgroup.

Inanattempttospecificallyidentitytheeffectofvisualcueonbetweengroupresults,aunivariate
ANOVAforobject,person,andenvironmentwasperformed.Groupdifferenceswerenotedforeach
ofthevisualcuetypes:objectF(1,4)=47.499,p<.005,etasquared=.922;environmentF(1,4)=
3.554,p>.005,etasquared=.470;personF(1,4)=47.499,p<.005,etasquared=.922.

Fixation Count
Fixationcountwasmeasuredforeachvisualcuefeature(i.e.object,person,andenvironment)by
aggregatingobject,person,andenvironmentAOIsacrossthepersonalizedvideosocialstory.Fixation
countmeasuresthenumberoftimesthepersonfixatesonanareaofinterestgroup.Usingarepeated
measureANOVA,betweenandwithingroupdifferenceswereanalyzed.Resultedindicatedamain
effectofvisualcueF(2,8)=9.362,p<.05,etasquared=.701andamaineffectofgroupF(1,4)=
59.787,p<.005,etasquared=.937.Thesemaineffectsweresubsumedunderatwo-wayinteraction
effectofdiagnosisandvisualcueF(2,8)=13.336,p<.005,etasquared=.769.Figure3showsmeans
andstandarderrorsofmeanfixationcountforobject,person,andenvironmentbydiagnosisgroup.

Again,toidentitytheeffectofvisualcuespecificallyonbetweengroupresults,aunivariate
ANOVA for object, person, and environment wasperformed.Group differences for personF(1,
4)=30.488,p=.005,etasquared=.884weredemonstrated;however,nodifferenceswerenoted
betweengroupsforobjectF(1,4)=1.856,p>.05,etasquared=.317andenvironmentF(1,4)=
1.941,p>.05,etasquared=.327.

Total Visit Duration
Totalvisitdurationforeachvisualcuefeature(i.e.object,person,andenvironment)byaggregating
object, person, and environment areasof interest groupsweremeasured across thepersonalized
videosocialstory.Avisitwasdefinedastheamountoftime,calculatedinseconds,betweenthe
firstfixationintheAOIgroupandtheendofthelastfixationintheAOIgroupwithnofixations
madeoutsidetheAOI.Totalvisitdurationwascalculatedbyaddingthetotalnumberofvisitsmade
toanAOIgroup.ArepeatedmeasureANOVAwasutilizedtoanalyzebetweenandwithingroup

Figure 2. Mean fixation duration, reported in seconds, for object, person, and environment by diagnosis
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differences.ResultsindicatedamaineffectofvisualcueF(2,8)=17.947,p<.005,etasquared=
.818andamaineffectofgroupF(1,4)=130.246,p<.001,etasquared=.970.Thesemaineffects
weresubsumedunderatwowayinteractioneffectofdiagnosisandvisualcueF(2,8)=22.575,p<
.005,etasquared=.849.Figure4showsmeansandstandarderrorsofmeantotalvisitdurationfor
object,person,andenvironmentbydiagnosisgroup.

AunivariateANOVAforobject,person,andenvironmentwasusedtospecificallyidentifythe
effectofvisualcueonbetweengroupresults.AlthoughgroupdifferencesforpersonF(1,4)=54.092,
p<.002,etasquared=.931werenoted,therewerenodifferencesbetweengroupsforobjectF(1,
4)=6.101,p>.05,etasquared=.604orenvironmentF(1,4)=2.918,p>.05,etasquared=.422.

Video Social Story Knowledge Accuracy and Relationships Between 
Total Fixation Duration, Fixation Count, and Total Visit Duration
Tables5and6listtheaccuracypercentages,means,andstandarderrorsfortheparticipantswith
ASDandparticipantswithoutASDonvideosocialstoryknowledgeaccuracyaccordingtovisual
cuefeature.Betweengroupandwithingroupdifferenceswereanalyzedusingarepeatedmeasures
ANOVA.AmaineffectofcuetypeF(3,12)=2.100,p>.05,etasquared=.344wasnotindicated;
however, a main effect of diagnosis F(1, 4) = 145.800, p < .005, eta squared .973 was noted.

Figure 3. Mean fixation count for object, person, and environment by diagnosis

Figure 4. Mean visit duration, reported in seconds, for object, person, and environment by diagnosis
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Furthermore,aninteractionbetweendiagnosisandcuetypeF(3,12)=.500,p>.05,etasquared
=.111wasnotdemonstrated.Finally,wewantedtodetermineiftherewasarelationshipbetween
eyegazemetricsandsocialstoryknowledgeaccuracy.Acorrelationalanalyseswasconductedfor
adolescentswithandwithoutASDbetweentotalfixationduration,fixationcount,andtotalvisit
durationandsocial storyknowledgeaccuracyonobject,person,andenvironmentquestions.No
relationshipswerefoundbetweentotalfixationduration,fixationcount,andtotalvisitdurationand
socialstoryknowledgeaccuracy.

DISCUSSIoN

The purpose of this exploratory study was to determine if eye tracking metrics could be
usedtoidentifydifferencesinvisualattentionforadolescentswithandwithoutASDwhen
watchingapersonalizedvideosocialstory.Furthermore,theresearcherssoughttoascertain
whetherarelationshipexistedbetweenpatternsofvisualattentionandvideosocialstory
knowledgeaccuracy.Eyetrackingmetricswereanalyzedinrelationtosocialstoryattributes
andtheparticipant’sabilitytogenerateandmaintainmeaningfulrepresentationsofsocial
story content. Specifically, statistical analyses were conducted for adolescents with and
withoutASDonvisualcontentorganizedas:object,person,orenvironmentandsocialstory
knowledgeaccuracyquestionsfortotalfixationduration,fixationcount,totalvisitduration.
Althoughnorelationshipwasindicatedbetweentotalfixationduration,fixationcount,and
totalvisitdurationandsocialstoryknowledgeaccuracy,differencesineyetrackingpatterns
whileviewingpersonalizedvideosocialstorieswerenotedbetweenadolescentswithand
withoutASD.

Specifically,differenceswerenotedacrossthethreerelevanteyegazemetricsmeasuringvisual
attentionforthethreerelevantvisualcuetypes:object,person,andenvironment.

Table 5. Mean score on the social story knowledge measure for each visual cue type in adolescents with and without ASD

Object Person Environment Auditory

Group N M SD M SD M SD M SD

ASD 3 2.333 1.155 2.333 0.577 2.000 1.000 2.667 0.577

Non-ASD 3 2.667 0.577 2.000 1.000 1.333 0.577 2.667 0.577

Total 6 2.500 0.837 2.167 0.753 1.667 0.817 2.667 0.516

Table 6. Individual scores reported as percent accurate s on the entire social story knowledge measure for each adolescent 
with and without ASD

Participant Number Percent Accurate

1 100%

2 58.33%

3 75%

4 75%

5 75%

6 66.67%
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object
Thepersonalizedvideosocialstoriescontainedthreeobjects(e.g.dentistchair,dentisttray,book
participantwasreadinginthewaitingroom)identifiedaspotentialareasofinterest.Theseobjectswere
judgedtoberelevanttothethemeofthestoryandpotentiallycapableofincreasingtheparticipant’s
abilitytointernalizeeventsandinteractions.Overall, theadolescentswithASDdidnotfixateor
sustainvisualattentiontothethreetargetobjectsinthesocialstoryforthesamelengthoftimeasthe
adolescentswithoutASD.However,nodifferencewasnotedinthefrequencyofvisualattentiontothe
targetobjectsorinthelengthoftimebetweenwhentheadolescentinitiallylookedattheobjectand
whentheadolescentlookedawayfromtheobject.TheseresultssuggestthatadolescentswithASD
arescanningandadjustingeyegazecontinuously;thereby,interruptingdirectsustainmentofvisual
attention.Despiteadecreasedamountoftotalfixationdurationonsalientobjects,theadolescents
withASDarerecognizingandpayingvisualattentiontoimportant,salientfeatures.Theseresults
areconsistentwithKeehnandcolleagues’(2009)indicatingthatalackofsustainedvisualattention
toobjectcuesdoesnotinfluencetheabilitytogenerateandretainknowledgeaboutthatobjectfor
individualswithASD.Assuch,itappearsthat,regardlessofthesignificantdifferencesinvisual
attentionpatterns,adolescentswithandwithoutASDareabletoprocessobjectstimuliregardless
ofsustainedvisualattention.

Person
Imagesofthreepeoplewithinthepersonalizedvideosocialstoryweretargetedasimportantareasof
interest.Ofthesepeople,twowereimagesoftheparticipantandonewasanimageofanimportant
characterencounteredduringavisittothedentist(i.e.thedentalhygienist).Resultsindicatedthat
adolescentswithASDdonotvisuallyattendtopeopleforthesameamountoftimeorinthesame
mannerasadolescentswithoutASD.Differencesinvisualattentiontopersonsinthevideosocial
storypersistedacrossall threeeyegazemetrics: total fixationduration, fixationcount,and total
visitduration.VisualanalysisoftheresultingheatmapsindicatedthatadolescentswithASDspent
lesstimelookingatthefacialareasofthepersonintheimageandvisuallyfixatedontheimageof
themselveslessoftenthanadolescentswithoutASD(pleaseseeFigure5).Althoughdetermining
thatadolescentswithASDdonotvisuallyattendtopeopleforthesameamountoftimeorinthe
samemannerasadolescentswithoutASDisnotanovelfinding(Daltonetal.,2005;DeWitetal.,
2008;Klinetal.,2002;Tsang,2018),thereisapaucityofdataregardinghowadolescentswithASD
processimagesofthemselves.ResultsindicatedthatalthoughtheadolescentswithASDappeared
reluctanttovisuallyengagewithimagesofpeople,eventhemselves,itdidnotinfluencetheirability
to interpret andprocess associateddetails.For example, contentquestions regarding shoecolor,
jacketcolor,andsunglassescolorwereansweredaccuratelyandwerenotrelatedtovisualattention
metrics.Therefore,adolescentswithASDareabletoconceptualizeandrecalldetailsaboutpeople
inspiteofnotengaginginsustainedvisualattention.

Environment
Therewerethreeenvironmentalcues(e.g.weather,awaitingroomchair,anofficeroomchair)targeted
duringeachpersonalizedvideosocialstory.Incontrasttotheobjectandpeoplecueschosen,the
environmentalstimuliselectedasvisualcuesweredeemedextraneoustocommunicatingrelevant
andsalientcontent.Inotherwords,theenvironmentalvisualcuetypeswereincludedasawayto
determinethefrequencyanddurationofvisualattentionbyparticipantstoportionsofthesocial
story thatwerenot important.Results indicated that adolescentswith andwithoutASDdidnot
demonstratesignificantdifferencesintheamountoftimescanningenvironmentalcuesorthenumber
oftimestheyfocusedonenvironmentalcues.However,adolescentswithASDvisuallyfixatedon
extraneousenvironmentalcuesforalongerperiodoftimethanonimagesofpeopledepictedinthe
socialstory,includingthemselves.Assuch,adolescentswithASDappearedtoexpendmorecognitive
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effortonextraneousenvironmentalcuesthanonrelevantpersoncueswithinthevideosocialstory
thanadolescentswithoutASD.Nevertheless,thisexpenditureofeffortdidnotimpacttheabilityof
theadolescentswithASDtoidentifyandrememberimportantelementsofthepersonalizedvisual
socialstory.

Overall,theresultsindicatedseveralimportantpointsforconsideration.Duringpersonalized
videosocialstories,adolescentswithandwithoutASDdemonstratedifferencesinvisualattention
tostorycontent.Itappearsthespecifictypeofvisualstimuliprovidedimpactsthefrequencyand
durationwithwhichadolescentswithandwithoutASDfocusonimportantvisualinformationina
personalizedvideosocialstory.Specifically,whenvisualcontentinpersonalizedsocialstoriesare
imagesofpeopleorarepersoncentered,significantdifferencescanbeseeninvisualattentionpatterns
foradolescentswithASD.Finally,resultsindicatethat,whiletherearedifferencesineyegazepatterns
duringpersonalizedvideosocialstoriesforadolescentswithandwithoutASD,eyegazepatternsdo
notrelatetotheabilitytocomprehendandmaintainnovelinformationpresentedinthestory.

Implications for Practice
The current findings from this study have potential implications for educators and practitioners
workingwithadolescentswithASD.Inanefforttoincreaseskillsrelatedtopredictabilityand/or
theoryofmind,cliniciansmaychoosetogeneraterepresentativeeventschemasusingpersonalized

Figure 5. (a) Heat maps looking at facial areas of people without ASD and (b) heat maps looking at facial areas of people with ASD
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videosocialstories.AdolescentswithASDareabletocomprehendandrememberdetailsfromthe
real-lifeeventdepictedinthepersonalizedsocialstory.Therefore,personalizedvideosocialstories
areapotentiallyviableaccommodationorinterventionforfacilitatinginsightandunderstandingof
eventsequencesandoutcomes.Whendesigningpersonalizedvideosocialstoriesforadolescents
withASD,attention shouldbegiven to the selectionof imagesandvisual content.Adolescents
withASDwillvisuallyattendmoreoftenandlongertoimagesofrelevantandimportantobjects
encounteredduringthereal-lifeexperience.EventhoughadolescentswithASDhavereducedvisual
attentiontoimagesofthemselvesandotherpeople,itcontinuestobeimportanttoincludeandformat
those images by aligning them with highly preferred objects. Educators and practitioners might
considertheplacementofobjectsnearimagesrepresentingpersonsandpeopleinordertopossibly
facilitateincreasedvisualscanningtothoselesspreferredvisualcues.Additionally,objectsthatare
systematicallyintroduced,relevant,andpredictableacrosssceneswillfurthersupporttheadolescents’
abilitytogeneratesustainedandregulatedeyegazethroughoutthevideostory.

Directions for Future Research
Theresultsofthisexploratorystudyhavebothresearchandclinicalimplicationsforprofessionals
workingwithadolescentswithASD.With regard to research implications, theutilizationofeye
tracking technologyduring thepresentationofdynamic(asopposed tostatic)stimulicontaining
personalizedimagesoftheparticipants,thatwerecodedforvisualattributes,lendstothenoveland
innovativenatureofthisstudywhichshouldbereplicatedinfuturestudies.Second,basedonthe
resultsofthisresearch,itcanbepositedthateyetrackingtechnologyisafeasiblemethodofidentifying
groupdifferencesrelatedtovisualattentioninadolescentswithandwithoutASDwhileviewing
personalizedvideosocialstories.Third,futurestudiesshouldexpandthisresearchtouseeyetracking
technologytotargetempiricalquestionsrelatedtodetermininghowadolescentswithASDprocess
imagesofthemselves.Finally,futureinvestigationsshouldexaminetheabilityofadolescentswith
ASDtoprocessimagesofselfandothersinpersonalizedvideosocialstoriesandwhethereffective
processingimpactsthedevelopmentofskillsrelatedtopredictabilityandtheoryofmind.

Limitations
Despitetheoverallpositiveresultsofthisresearch,thereareanumberoffactorswhichcouldhave
impactedtheresultsofthisstudy.First,thesmallsamplesizeusedforthisstudypotentiallylimits
thegeneralizabilityofthefindings.However,itisimportanttopointoutthatsincetheTobiieye
trackercollectseyegazedataatanapproximaterateof16milliseconds,fourparticipantsyieldeda
largenumberofdatepoints.Second,althoughinformalvisualanalysisofheatmapsyieldedrelevant
qualitativeinformation,differencesintypesofpersonsandeyegazemetricsfortheadolescentswho
participatedinthisstudywerenotformallyanalyzed.Third,itisimportanttonotegenderdifferences
inbothgroups.Specifically,alladolescentswithASDwhoparticipatedinthestudyweremale,while
alladolescentswithoutASDwerefemale.Again,duetoalackofheterogeneityacrossparticipants,
cautionisadvisedwhenconsideringgeneralizationoftheresults.Finally,althougheveryeffortwas
madetoincludeanequalnumberofquestionspertainingtoeachvisualcuecategoryinthevideo
socialstoryknowledgemeasure,eachcategorywastargetedonlyfour times.Alongerandmore
detailedmeasuremayhaveidentifiedsignificantrelationshipsregardingaccuracyandvisualattention
measuresinadolescentswithandwithoutASD.

CoNCLUSIoN

Thepurposeofthisstudywastoexploreeyetrackingasameasureofvisualattentionwhenwatching
personalized video social stories for adolescents with and without ASD. Despite the evidence
supportingsocialstoriesasaneffectiveinterventionforreducingdisruptivebehaviors(Graetzetal.,
2009;Scattoneetal.,2002),thereisapaucityofresearchregardinghowadolescentswithASDprocess
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andcomprehendvisualcontent,includingimagesofthemselves.Theresultsofthisstudysupport
theuseofeyetrackingtechnologyasaphysiologicalmethodofidentifyingdifferencesinattention
foradolescentswithandwithoutASD.Additionally,thisstudyhasshownthatpersonalizedvideo
socialstoriesmaybeeffectiveforadolescentswithASDwhentheorganizationandrepresentation
ofvisualimagesisconsidered.



International Journal of Biomedical and Clinical Engineering
Volume 10 • Issue 1 • January-June 2021

16

REFERENCES

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorder (5th ed.).
AmericanPsychiatricAssociation.

Bitouk,D.,Kumar,N.,Dhillon,S.,Belhumeur,P.,&Nayar,S.K.(2008,August).Faceswapping:Automatically
replacingfacesinphotographs.ACM Transactions on Graphics,27(3),39.doi:10.1145/1360612.1360638

Boivin,M.J.,Weiss,J.,Chhaya,R.,Seffren,V.,Awadu,J.,Sikorskii,A.,&Giordani,B.(2017).Thefeasibility
ofautomatedeyetrackingwiththeearlychildhoodvigilancetestofattentioninyoungerHIV-exposedUgandan
children.Neuropsychology,31(5),525–534.doi:10.1037/neu0000382

Bozkurt,S.S.,&Vuran,S.(2014).AnanalysisoftheuseofSocialStoriesinteachingsocialskillstochildren
withAutismSpectrumDisorders.Educational Sciences: Theory and Practice,14(5),1875–1892.

Centers forDiseaseControlandPrevention. (2018).Prevalenceofautismspectrumdisorders—Autismand
developmentaldisabilitiesmonitoringnetwork,11sites,UnitedStates,2014.MMWR. Surveillance Summaries,
67(6),1–23.doi:10.15585/mmwr.ss6706a1

Chen,C.H.,Bobzien,J.,Bruhn,A.,Zhang,M.,&Hsu,W.W.(2014,October).Thefirststeptowardreconstructing
visualperceptionandcognitioninAutism.InSMC(pp.1171-1174).doi:10.1109/SMC.2014.6974072

Chen,C.H.,Bobzien,J.,Giannakos,M.,Bruhn,A.,Bruggeman,A.,Mohrehkesh,S.,...Chrisochoides,N.
P.(2015,October).FamiliarVideoStoriesasaMeansforChildrenwithAutism:AnAnalyticsApproach.In
Healthcare Informatics (ICHI), 2015 International Conference on(pp.368-373).IEEE.

Crozier,S.,&Tincani,M.(2007).Effectsofsocialstoriesonprosocialbehaviorofpreschoolchildrenwith
autismspectrumdisorders.Journal of Autism and Developmental Disorders,37(9),1803–1814.doi:10.1007/
s10803-006-0315-7

Cuthbert,M.I.,&Melamed,B.G.(1982).Ascreeningdevice:Childrenatriskfordentalfearsandmanagement
problems.ASDC Journal of Dentistry for Children,49(6),432–436.

Delano,M.,&Snell,M.E.(2006).Theeffectsofsocialstoriesonthesocialengagementofchildrenwithautism.
Journal of Positive Behavior Interventions,8(1),29–42.doi:10.1177/10983007060080010501

Giannakos,M.,Chorianopoulos,K.,&Chrisochoides,N. (2015).Makingsenseofvideoanalytics:Lessons
learnedfromclickstreaminteractions,attitudes,andlearningoutcomesinavideo-assistedcourse.International 
Review of Research in Open and Distance Learning,16(1),260–283.doi:10.19173/irrodl.v16i1.1976

Graetz,J.E.,Mastropieri,M.A.,&Scruggs,T.E.(2009).Decreasinginappropriatebehaviorsforadolescents
with autism spectrum disorders using modified social stories. Education and Training in Developmental 
Disabilities,91–104.

Gray,C.(2004).Socialstories10.0:Thenewdefiningcriteriaandguidelines.Jenison Autism Journal,15(4),2–21.

Gray,C.A.,&Garand,J.D.(1993).Socialstories:Improvingresponsesofstudentswithautismwithaccurate
socialinformation.Focus on Autistic Behavior,8(1),1–10.doi:10.1177/108835769300800101

Guillon,Q.,Hadjikhani,N.,Baduel,S.,&Rogé,B.(2014).Visualsocialattentioninautismspectrumdisorder:
Insights from eye tracking studies. Neuroscience and Biobehavioral Reviews, 42, 279–297. doi:10.1016/j.
neubiorev.2014.03.013

Heuer,S.,&Hallowell,B.(2009).Visualattentioninamultiple-choicetask:Influencesofimagecharacteristics.
Aphasiology,23(3),351–363.doi:10.1080/02687030701770474

Karatekin,C.(2004).Developmentofattentionalallocationinthedualtaskparadigm.International Journal of 
Psychophysiology,52(1),7–21.doi:10.1016/j.ijpsycho.2003.12.002

Karatekin,C.(2007).Eyetrackingstudiesofnormativeandatypicaldevelopment.Developmental Review,27(3),
283–348.doi:10.1016/j.dr.2007.06.006

Karatekin,C.,Marcus,D.J.,&Couperus,J.W.(2007).Regulationofcognitiveresourcesduringsustained
attentionandworkingmemoryin10-year-oldsandadults.Psychophysiology,44(1),128–144.doi:10.1111/j.1469-
8986.2006.00477.x

http://dx.doi.org/10.1145/1360612.1360638
http://dx.doi.org/10.1037/neu0000382
http://dx.doi.org/10.15585/mmwr.ss6706a1
http://dx.doi.org/10.1109/SMC.2014.6974072
http://dx.doi.org/10.1007/s10803-006-0315-7
http://dx.doi.org/10.1007/s10803-006-0315-7
http://dx.doi.org/10.1177/10983007060080010501
http://dx.doi.org/10.19173/irrodl.v16i1.1976
http://dx.doi.org/10.1177/108835769300800101
http://dx.doi.org/10.1016/j.neubiorev.2014.03.013
http://dx.doi.org/10.1016/j.neubiorev.2014.03.013
http://dx.doi.org/10.1080/02687030701770474
http://dx.doi.org/10.1016/j.ijpsycho.2003.12.002
http://dx.doi.org/10.1016/j.dr.2007.06.006
http://dx.doi.org/10.1111/j.1469-8986.2006.00477.x
http://dx.doi.org/10.1111/j.1469-8986.2006.00477.x


International Journal of Biomedical and Clinical Engineering
Volume 10 • Issue 1 • January-June 2021

17

Keehn,B.,Brenner,L.A.,Ramos,A.I.,Lincoln,A.J.,Marshall,S.P.,&Müller,R.A.(2009).Briefreport:Eye-
movementpatternsduringanembeddedfigurestestinchildrenwithASD.Journal of Autism and Developmental 
Disorders,39(2),383–387.doi:10.1007/s10803-008-0608-0

Kokina,A.,&Kern,L.(2010).Socialstoryinterventionsforstudentswithautismspectrumdisorders:Ameta-
analysis.Journal of Autism and Developmental Disorders,40(7),812–826.doi:10.1007/s10803-009-0931-0

Kuoch,H.,&Mirenda,P.(2003).SocialStoryTMinterventionsforyoungchildrenwithautismspectrumdisorders.
Focus on Autism and Other Developmental Disabilities,18(4),219–227.doi:10.1177/10883576030180040301

McPartland,J.C.,Webb,S.J.,Keehn,B.,&Dawson,G.(2011).Patternsofvisualattentiontofacesandobjects
inautismspectrumdisorder.Journal of Autism and Developmental Disorders,41(2),148–157.doi:10.1007/
s10803-010-1033-8

Melinder,A.,Konijnenberg,C.,&Sarfi,M. (2013).Deviantsmoothpursuit inpreschoolchildrenexposed
prenatallytomethadoneorbuprenorphineandtobaccoaffectsintegrativevisuomotorcapabilities.Addiction 
(Abingdon, England),108(12),2175–2182.doi:10.1111/add.12267

Mondloch,C.J.,LeGrand,R.,&Maurer,D.(2002).Configuralfaceprocessingdevelopsmoreslowlythan
featuralfaceprocessing.Perception,31(5),553–566.doi:10.1068/p3339

Mondloch,C.J.,Robbins,R.,&Maurer,D.(2010).Discriminationoffacialfeaturesbyadults,10-year-olds,
andcataract-reversalpatients.Perception,39(2),184–194.doi:10.1068/p6153

Qi,C.H.,Barton,E.E.,Collier,M.,Lin,Y.L.,&Montoya,C.(2018).Asystematicreviewofeffectsofsocial
storiesinterventionsforindividualswithautismspectrumdisorder.Focus on Autism and Other Developmental 
Disabilities,33(1),25–34.doi:10.1177/1088357615613516

Renzi,C.,Schiavi,S.,&Carbon,C.-C.(2013).Featuralandconfiguralprocessingoffacesaredissociatedinthe
dorsolateralprefrontalcortex:ATMSstudy.NeuroImage,74,45–51.doi:10.1016/j.neuroimage.2013.02.015

Reynhout, G., & Carter, M. (2006). Social Stories™ for children with disabilities. Journal of Autism and 
Developmental Disorders,36(4),445–469.doi:10.1007/s10803-006-0086-1

Richmond, J., & Nelson, C. A. (2009). Relational memory during infancy: Evidence from eye tracking.
Developmental Science,12(4),549–556.doi:10.1111/j.1467-7687.2009.00795.x

Sansosti,F.J.,&Powell-Smith,K.A.(2006).Usingsocialstoriestoimprovethesocialbehaviorofchildren
withAspergersyndrome.Journal of Positive Behavior Interventions,8(1),43–57.doi:10.1177/10983007060
080010601

Scattone,D.(2008).EnhancingtheconversationskillsofaboywithAsperger’sDisorderthroughsocialstories
andvideomodeling.Journal of Autism and Other Developmental Disorders,38(2),395–400.doi:10.1007/
s10803-007-0392-2

Scattone,D.,Wilczynski,S.M.,Edwards, R.P.,&Rabian,B. (2002).Decreasingdisruptivebehaviors of
childrenwithautismusingsocialstories.Journal of Autism and Developmental Disorders,32(6),535–543.
doi:10.1023/A:1021250813367

Serrano,V.J.,Owens,J.S.,&Hallowell,B.(2018).WherechildrenwithADHDdirectvisualattentionduring
emotionknowledgetasks:Relationshipstoaccuracy,responsetime,andADHDsymptoms.Journal of Attention 
Disorders,22(8),752–763.doi:10.1177/1087054715593632

Tsang,V.(2018).Eye-trackingstudyonfacialemotionrecognitiontasksinindividualswithhigh-functioning
autismspectrumdisorders.Autism,22(2),161–170.doi:10.1177/1362361316667830

Venker, C. E., & Kover, S. T. (2015). An open conversation on using eye-gaze methods in studies of
neurodevelopmentaldisorders.Journal of Speech, Language, and Hearing Research: JSLHR,58(6),1719–1732.
doi:10.1044/2015_JSLHR-L-14-0304

http://dx.doi.org/10.1007/s10803-008-0608-0
http://dx.doi.org/10.1007/s10803-009-0931-0
http://dx.doi.org/10.1177/10883576030180040301
http://dx.doi.org/10.1007/s10803-010-1033-8
http://dx.doi.org/10.1007/s10803-010-1033-8
http://dx.doi.org/10.1111/add.12267
http://dx.doi.org/10.1068/p3339
http://dx.doi.org/10.1068/p6153
http://dx.doi.org/10.1177/1088357615613516
http://dx.doi.org/10.1016/j.neuroimage.2013.02.015
http://dx.doi.org/10.1007/s10803-006-0086-1
http://dx.doi.org/10.1111/j.1467-7687.2009.00795.x
http://dx.doi.org/10.1177/10983007060080010601
http://dx.doi.org/10.1177/10983007060080010601
http://dx.doi.org/10.1007/s10803-007-0392-2
http://dx.doi.org/10.1007/s10803-007-0392-2
http://dx.doi.org/10.1023/A:1021250813367
http://dx.doi.org/10.1177/1087054715593632
http://dx.doi.org/10.1177/1362361316667830
http://dx.doi.org/10.1044/2015_JSLHR-L-14-0304


International Journal of Biomedical and Clinical Engineering
Volume 10 • Issue 1 • January-June 2021

18

Anne M. P. Michalek (PhD) is a certified speech-language pathologist who has a PhD in Special Education. She is an 
Assistant Professor in the Communication Disorders and Special Education Department at Old Dominion University.

Jonna Bobzien (PhD) is an Associate Professor and Graduate Program Director at Old Dominion University.

Victor A. Lugo is a speech-language pathology graduate student at Old Dominion University. Prior to attending 
Old Dominion University, he received his BA in English with a minor in Linguistics from the University of Mary 
Washington (2012) and served as an Operations Intelligence Analyst in the U.S. Air Force.

Chung Hao Chen (PhD) is current an associate professor in Electrical and Computer Engineering at Old Dominion University.

Ann Bruhn, BSDH, MS, is an instructor at the School of Dental Hygiene, Old Dominion University. Bruhn teaches 
Radiology and clinical care and has four years experience in clinical practice.

Michail Giannakos (PhD) works at Old Dominion University in the Department of Computer and Information Science.

Anne Chrisochoides (PhD) is a Professor in Computer Science at Old Dominion University.


	Using Eye Tracking to Explore Visual Attention in Adolescents With Autism Spectrum Disorder
	Original Publication Citation
	Authors

	tmp.1617210007.pdf.Aij2K

