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ABSTRACT

Virtual reality technology can be used for ecologically valid assessment and rehabilitation of
cognitivedeficits.Thisarticleexpandsthescopeofapplicationstoecologicallyvalidmultitasking.
Acommerciallyavailabledrivingsimulatorwasupgradedbyaddinganever-changingsequenceof
concurrent,everyday-liketasks.Furthermore,thesimulatorsoftwarewasmodifiedandinterfaced
withanon-motorizedtreadmilltoyieldapedestrianstreetcrossingsimulator.Inthelattersimulator,
participantswalkonthroughavirtualcity,stopatbusystreetstowaitforagapintraffic,andthencross.
Again,asequenceofeveryday-liketasksisadded.Afeasibilitystudyyieldedadequate“presence”in
bothvirtualscenarios,andplausibledataaboutperformancedecrementsundermulti-taskcompared
tosingle-taskconditions.Thepresentapproachcouldbesuitablefortheassessmentandtrainingof
multitaskingskillsinolderadultsandneurologicalpatients.
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INTRoDUCTIoN

Ithasrepeatedlybeenproposedthatneurocognitiveassessmentandrehabilitationshouldinclude
ecologicallyvalidprocedures,i.e.,itshouldberealistic,functionallyrelevantandascomplexasdaily
life(e.g.,Chaytor&Schmitter-Edgecombe,2003;Schultheis&Rizzo,2001;Wollesen&Voelcker-
Rehage,2014).Atthesametime,proceduresshouldallowtheexaminertofullycontrolambient
conditions,stimuluspresentationandregistrationofbehavioralresponses,asisthecaseintypical
laboratoryresearch.Virtualreality(VR)offersthepotentialforfullingbothrequirements:itcanbe
designedsuchastobeecologicallyvalidandwell-controlled(Schultheis&Rizzo,2001).

VR technology has been applied with success for the assessment and rehabilitation of
neuropsychologicaldisorders(forrecentreviews,seeHoward,2017;Jovanovski&Zakzanis,2017),
includingattentiondeficits(Rizzoetal.,2000),spatialneglect(Ogourtsova,SouzaSilva,Archambault,
&Lamontagne,2015),andupperlimbdysfunction(Laver,George,Thomas,Deutsch,&Crotty,2015).
OurstudypresentsaVRapproachfortheassessmentandrehabilitationofmultitaskingdeficits.
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Theabilitytoprocessmultipletasksatthesametimeiscriticalforawiderangeofeveryday
activitiessuchascardriving,pedestrianwalking,groceryshoppingandmealpreparation.Itisdegraded
inpatientssufferingfromstroke(Burgessetal.,2006),Parkinson’sdisease(Willemsen,Grimbergen,
Slabbekoorn,&Bloem,2000),Alzheimer’sdisease(Espositoetal.,2010)orschizophrenia(Laloyaux
etal.,2014),aswellas inhealthyolderadults(Verhaeghen,Steitz,Sliwinski,&Cerella,2003).
Assessmentandrehabilitationofmultitaskingskillsistypicallyadministeredbycomputersoftware
whichdisplaysabstractstimulionamonitorandregistersparticipants’responseswithajoystick,
computermouseorkeyboard.Thisapproachlacksecologicalvalidityforseveralreasons:stimulioften
areabstractratherthanrealistic,thenumberofconcurrenttasksrarelyexceedstwo,andparticipants’
responsesarenotnatural(e.g.,participants“walk”throughadisplayedscenebydepressingkeys
ratherthanbymovingtheirlegs).

VR scenarios for ecologically valid multitasking are already available, mainly for grocery
shoppingandfoodpreparation(e.g.,Rand,Weiss,&Katz,2009;Zhangetal.,2001).VRscenariosfor
cardrivingandpedestrianstreetcrossinghavebeenestablishedaswell,butallpastapproacheswere
limitedtotwoinsteadofmultipleconcurrenttasks:drivingandstreetcrossinghasbeencombined
eitherwithmusiclistening(Neideretal.,2011)orwithphoneconversation(Horberry,Anderson,
Regan,Triggs,&Brown,2006;Horrey&Wickens,2006),mobileinternetuse(Byington&Schwebel,
2013), text messaging (Drews, Yazdani, Godfrey, Cooper, & Strayer, 2009), cockpit instrument
manipulation(Horberryetal.,2006),objectdetection(Cassavaugh&Kramer,2009),orarithmetic
operations(Chaparro,Wood,&Carberry,2005).Thepresentstudyintroducesanapproachwhich,
forthefirsttime,combinesdrivingandstreetcrossingwithawholebatteryofrealisticconcurrent
tasks.Preliminarydataillustratethatthisapproachisindeedsensitivetotheeffectsofmultitasking
ondrivingandstreetcrossing.

HARD- AND SoFTwARe

Basic Configuration
Thepresentapproachutilizesacommerciallyavailable,moderatelypriced,research-gradedriving
simulator(Carnetsoft,Groningen,NL).Itconsistsof

• Avirtualenvironmentgenerationmodule,inwhichtheexperimentercandefineroadsegments,
trafficsigns,buildings,trees,andotherdesignelements

• Atrafficsystemmodulewhichcontrolsthemotionofothertrafficparticipantssuchascarsand
pedestrians,basedongeneralaswellasparticipant-specificsensorsanddecisionrules.These
rulesincludeenvironmentalconditionssuchasroadfrictionandwindforce.Onecomponentof
thismodulesimulatesthecardrivenbytheuser;itusesinformationfromthepedalsandagear
shiftertocalculatevehicledynamicsandtosendforcefeedbacktothesteeringwheel

• Ascenariogenerationmoduleinwhichtheexperimentercandefinewhichdataaretobesampled
andstored,andwhichexternalevents(e.g.,verbalannouncementsorvisualstimuli)aretobe
generatedunderwhichlogicalcondition.Logicalconditionscanbeinternal(e.g.,carspeed>
60km/handdistancefromlastintersection>50m)ortheycanbeprovidedbyexternaldevices
viaanEthernetconnection(e.g.,buttonpresses).Scenariosaredefinedbyscriptfiles,making
iteasyfortheexperimentertochangedatastorageandeventgenerationasneeded.

ThedrivingsimulatorusesthePanda3Drenderingenginetogeneratealeft,centralandright
viewforthreemonitors,eachcoveringahorizontalvisualangleof65°witharesolutionof5760x
1080px.HardwareconsistsofamodifiedLogitechsteeringwheel,pedalandgearstickassembly,
asinglecomputerwithasuitablegraphicsboardandfourmonitors:onefortheoperatorandthree
forimagerendering.Forthepresentwork,thelatterthreemonitorswerereplacedby48inchTV
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