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ABSTRACT

Thisarticledescribeshowaneuropsychologicalassessmentandrehabilitationaretypicallycarried
outusingpaper-and-penciltools.However,theseprotocolscannoteffectivelyevaluatethesubject’s
performance of daily activities. More recently, the increasing accessibility of new and powerful
technologyhaspresentednewpossibilities.Virtualrealityisoneofthemostpromisingtoolswiththe
increasingecologicityintheneuropsychologicalfield.Theavailabilityofnewportableinstruments
hasincreasedtheaccessibilityandusabilityofthistechnology.Usingthisframe,thechangesthat
haveoccurredovertimeintheneuropsychologicalpracticeuptothemostrecentVR-basedtoolshave
beenexplored.Inparticular,thefocuswillbeonexecutivefunctionsasthemostsensitivecognitive
domainwithintheecologicalvalidityofthetools.Inaccordancewiththeliterature,theauthorsshow
thepotentialfortheuseofvirtualrealityintheassessmentandrehabilitationofexecutivefunctions,
highlightingtheadvantages,limitations,andpotentialfuturechallenges.
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INTRodUCTIoN

Theaimofneuropsychologicalassessmenthasextensivelychangedovertime.Beforetheneuroimaging,
neuropsychologicalassessmentwasconductedfordefiningwhichbrainareacouldhavebeendamaged
aftercerebrallesionsandwasanextensionoftheneurologicalexaminationBenton(1984).Afterthe
diffusionoftheneuroimagingtechniques(forexample,TAC),ithasbeenpossibletobetterdetermine
thebrainareadamagedandtheneuropsychologicalassessmentaimstoevaluatecognitivefunctioning
inordertodevelopapersonalizedrehabilitationprogram(Ruff,2003).Unfortunately,atthebeginning,
thechangeofpurposehasnottranslatedintoachangeoftools.Thesecondstepoftheimprovement
of the neuropsychological assessment begins with the introductionof the computer-based tools.
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Thesetestsuseacomputerinterface,likecomputerortablet,toadministerandcorrecttests.Usually
thetestisthecomputer-versionoftheclassicalpaperandpenciltest.Itisraretofindanewtest
developedspecificallyforthismoderntechnology.Ononeside,theadvantagesofcomputer-based
testareseveral:moreaccuratetimedata,easyadministration,automaticdatarecording,increased
standardizationofadministration.Ontheotherside,theprincipalproblemsabouttheuseofthese
toolsarethatthenormativedatacannotbesimplyappliedtocomputerizedversionand,generally,
don’tgiveanadditionalusefulinformationfortheclinician(Parsey&Schmitter-Edgecombe,2013;
Parsons,2015).Inthelightofwhatsaidbeforeagreatchallengeforneuropsychologyhasbeento
findnewwaytobettermeasure,understand,andpredictdailylifeabilities.Indeed,oneofthemost
relevantissueswithrespecttoneuropsychologicalassessmentinthelaboratoryisthelackofthe
validityoftheprotocols,thoseresultsinlimitationsforgeneralizationoftheinvestigatedabilities
indailylifesituations.Intherecentdecades,neuropsychology,cognitivepsychologyandcognitive
neurosciencehavebeenworkedtogethertounderstandthecomplexityofcognitiveprocesses,the
functionalneuroanatomyunderpinningthosecognitivedomains,andtheimplicationsofcognitive
impairmentsinneurologicalpatientsformodelsofnormalcognitivefunctioning.

VirtualReality(VR)isanewtechnologythatcouldhelptoimproveneuropsychologyassessment
(Bohil,Alicea,&Biocca,2011;Riva&Gaggioli,2009;Rose,Brooks,&Rizzo,2005)Technically
speakingVRiscomposedby3Denvironment,ausercaninteractwiththeenvironmentthanksto
differentinputoroutputcomputerdevices(visual,auditoryorhaptic).Virtualenvironmentscould
representmanyeverydaylifescenariosandareprogrammedtorecordprecisemeasurementsofthe
individual’sperformanceinacontrolledsituation.(Brooks&Rose,2003).Thankstothesedevices,
theusercaninteractwiththeenvironmentasifitweretherealworld.

Inneuropsychology,VRisusedtoofferanewhuman-computerinteractionparadigminwhich
patientsareactiveparticipantswithinrealisticvirtualenvironmentsandnotonlyapassiveviewer
(Riva,Mantovani,&Gaggioli,2004).

IntheliteraturearemanyjobsthatdemonstratetheimportantcharacteristicsofVR.Youinan
articleform2005(Youetal.,2005)usedfMRItoprovethatvirtualenvironmentsactivatethesame
partsofbrainoftherealenvironments.Thehighecologicalvalidityofthevirtualrealitytraining
wasdemonstratedbyprovingthatthattheskillslearnedinavirtualenvironmentcanbereportedin
arealsituation(Brooks&Rose,2003).

VRoffersseveralrequirementsforimprovingneuropsychologicalassessment:controlledand
securesettings,multimodalandmultiplestimulation,feedbackaboutanswers,(Bohiletal.,2011;
Rivaetal.,2004;Schultheis&Rizzo,2001).Itisalsopossibletocontrolandmanipulatethetasks
withinreasoned,ecologicallyvalidandengagingenvironmentsusingVirtualEnvironments(G.Riva
&Gaggioli,2009).Thehighlevelofengagementderivesfromaprocesscall“transformationofflow”,
thatistheabilityofasubjectstouseanoptimal(flow)experiencetodiscoverandusepsychological
resourcesassourcesofinvolvement(Riva,Castelnuovo,&Mantovani,2006).

ItisalsoimportantunderstandthelimitoftheuseofVRsystemintheclinicalsettings.
First,VRrequireshighcostsbothforhardwareandsoftwarecreationsandnotallthehospitals

areabletoinvestinnewtechnology.Evenmaintaintheequipmentandhaveandadequatetechnical
supportisexpensive.

Developingnewfunctionaltaskinsomenewvirtualenvironmentsrequiresaclosecooperation
betweencliniciansandtechniciansanditisnotalwayspossibleoreasy.BydesigningintuitiveVR
applicationsandprovidingadequatetraining,developersmayalsohelpmedicalpersonnelinusing
thesetoolsindependently.Itishardtofindasettingandanadequatenumberofpatientsfortesting
aclinicalVRapplication.

Becauseofthesereasoninthecommunityofcliniciansandresearchersthereislowavailability
ofstandardizedprotocolsthatcanbeshared(Pedroli,Serino,Cipresso,Pallavicini,&Riva,2015;
Riva,2009;Tsirlin,Dupierrix,Chokron,Coquillart,&Ohlmann,2009).
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