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ABSTRACT

Eyetrackingexperimentsareanimportantcontributiontohumancomputerinteraction(HCI)research.
Eyemovementsindicateattention,informationprocessing,andcognitivestate.Oculomotoractivity
isusuallycapturedwithhightemporalresolutioneye trackingsystems,whichareexpensiveand
notaffordableforeveryone.Moreover,thesesystemsrequirespecifichard-andsoftware.However,
affordableandpracticalsystemsareneededespeciallyforappliedresearchconcerningmobileHCI
in everyday life. This study examined the reliability/validity of low temporal resolution devices
bycomparingdataofatable-mountedsystemwithanelectrooculogram.Gazepatternsoftwenty
participantswererecordedwhileperformingavisual reactionandasurveillance task.Statistical
analysesshowedhighconsistencybetweenbothmeasurementsystemsforrecordedgazeparameters.
Theseresultsindicatethatdatafromlowtemporalresolutioneyetrackersaresufficienttoderive
performancerelatedoculomotorparametersandthatsuchsolutionspresentaviablealternativefor
appliedHCIresearch.
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INTRodUCTIoN

Multiplestudieshavesuggestedtheuseofeyemovementbasedmeasuresasatooltoobjectively
monitorcognitivestateandperformance(e.g.deRivecourt,Kuperus,Post,&Mulder,2008;Stern,
Boyer,Schroeder,Touchstone,&Stoliarov,1994,1996)dueto theobviousandtightconnection
betweeneyemovementsandcognitionaswellasthepredominantlyvisualnatureofthetasks.For
example,dwelltimehasbeenusedasaglobalmeasuretoassessworkloadorvigilancebyevaluating
pointsofinterestanddistributionofvisualattention(Ahlstrom&Friedman-Berg,2005;Alfredson,
Nählinder,&Castor, 2003;Lavine,Sibert,Gokturk,&Dickens, 2002;Marshall, 2007;Stern et
al.,1994,1996).Furthermore,resultsfrompsychologicalresearchindicatethatinformationfrom
oculomotorparameters, i.e. fixationsandsaccades,canbeused toassesscognitiveperformance
(deRivecourtetal.,2008)andfixationsprovideinformationaboutcognitivedemandsinreading
(Rayner,1998,2009),processmodelling(Pinggeraetal.,2013),andvisualsearch(Liversedge&
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Findlay,2000).Theyarealsosensitivetotaskspecificinvolvementofmemory(Geyer,vonMühlenen,
& Müller, 2007) and may be used as indicators of hazard perception (Underwood, Chapman,
Brocklehurst,Underwood,&Crundall,2003;Velichkovsky,Rothert,Miniotas,&Dornhöfer,2003).
Saccadesprovideinformationaboutcentralactivationandfatigue(Galley,1989;Schleicher,Galley,
Briest,&Galley,2008)aswellasshiftingofthefocusofattention(Chapman&Underwood,1998;
Underwoodetal.,2003).Furthermore,gazingpatternsarerelatedtopersonality(e.g.Nitzschner,
Nagler,Rauthmann,Steger,&Furtner,2015;Rauthmann,Seubert,Sachse,&Furtner,2012).

Hence,eyetrackinghasrepeatedlybeenusedtoexaminehumanbehaviourinvariousareasof
application,includingtheinterweavingdomainsofusabilityandhuman-computerinteraction(HCI;
Bulling&Gellersen,2010;Goldberg&Kotval,1998;Hutchinson,White,Martin,Reichert,&Frey,
1989).Goldberg(2000)hasassociatedeyetrackingmethodstocriteriaofgoodusabilityandhas
statedthateyetrackingisanexcellentindicatorofvisualclarityofaninterfaceandagoodindicator
forcognitiveresourcesandflexibilityofuse.Inbrief,HCIandusabilityresearchhasbenefitedgreatly
from eye tracking research (e.g. Benel, Ottens, & Horst, 1991; Goldberg, Stimson, Lewenstein,
Scott,&Wichansky,2002;Harris&Christhilf,1980;Hendrickson,1989;Josephson&Holmes,
2002).However,theinteractionwithsmartphones,tablets,andothermobiledevicesisoftenhard
toinvestigatebyoculomotorparametersbecausesuchinteractionstakeplaceineverydaylife(e.g.
textingwhileroamingthroughstreetsorbeingroutedtoadestinationbytablet).Thus,thisformof
ambulatoryassessmenthasspecificrequirementsfordatacollection.Convenientsystemsforfield
researchincludehead-mountedeyetrackers(e.g.Duchowsky,2007)andeyetrackinggoggles(e.g.
Bulling&Gellersen,2010).Yet,suchsystemsarequiteexpensiveandnotaffordabletoeveryone.
Furthermore, the required hardware changes the appearance of the person wearing it and, thus,
influencessocialinteractions.Itmayalsoimpedemovement,inconveniencethesubjectandreduce
thevisualfield.Thesefactorsarelikelytoinfluencehumanbehaviournotonlyinpublicsettings.
Hence,affordable,practical,andunobtrusivesystemsareneededforappliedresearchinmobileHCI
(e.g.smartphone–integratedsolutions).However,suchsystemsmaynotbeabletodeliverthehigh
temporalresolutionprovidedbymodern,sophisticatedeyetrackersand,thus,havetofallbacktolow
temporalresolutioneyetrackingmethods.Recentresearchcomparinglowandhightemporalresolution
videobasedsystemsindicatesatisfactorydataqualityofspecificsystems(e.g.‘EyeTribe’:Ooms,
Dupont,Lapon,&Popelka,2015;Popelka,Stachon,Sasinka,&Dolezalova,2016;‘TobiiEyeX’:
Gibaldi,Vanegas,Bex,&Maiello,2016).However,foravalidstatementaboutthepotentialuseof
suchlowtemporalresolutionsystems,acomparisonwithfurther,non-videobased,gaze-recording
methodshasyettobeconducted.Thepresentstudyaimsatclosingthisknowledgegapbycomparing
thereliabilityandvalidityofatable-mountedlowtemporalresolutioneyetrackingsystemwithan
electrooculogram.This researchquestion is fundamental to theuseofvideo-based lowtemporal
resolutioneye trackers inmobile settings. Itaddresses thegeneral reliabilityandvalidityof low
temporalsystemsindependentofthecontextthattheyareemployedin.

METHodS

Participants
20studentsandstaffoftheGermanSportsUniversityCologne(6females,14males)participatedin
thestudy.Meanagewas29±8.3years.Noparticipanthadpriorexperiencewiththetests.Levelof
educationcompletedwashigh-schoolorhigher.Allparticipantswereinformedaboutaimandscope
ofthestudyandgavetheirconsent.

Experimental design, Setup, and Testing Procedures
Atestchamberwasusedinorder toensurecontrolledconditionswithregardto lighting,sound,
climate,andambientdistractions.Participantswereseatedandseatingwasadjustedsothatthedisplay
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