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ABSTRACT

Virtualrealityexposuretherapy(VRET)hasbeenwidelyacknowledgedasaneffectivealternative
for in vivo exposure therapy (iVET). So far, previous research focused on long- and short-term
effectivenessandcomparisonstoiVET,whereastheimpactofdesignchoicesisunderstudied.Hence,
thepresentstudyfocusesontheeffectivenessofseveraltypesofanxietycuesforthemanipulationof
anxiety.Morespecifically,fiveinteroceptivecues(i.e.,“fake”bodilysensationsfortunnelvision,light
flickering,heartbeataudio,blurredvision,anddizziness)andaphysicalcue(i.e.,heatstimulation)are
implementedintheVRETdesignofawithin-subjectsexperimentwithpeoplewhohaveclaustrophobic
andpanictendencies(N=24).Resultsshowthataddinginteroceptivecuessignificantlyincreased
reported levelsof anxiety, independentof the typeof interoceptive cue.However, introducinga
physicalcueinVRETcanalsobeeffectivebuthasnorealaddedvaluewhencombined.Studies
focusingonthedesignofanxietycuescanbevaluableinunderstandingtheeffectivenessofVRET.
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INTRoDUCTIoN

Virtualrealityexposuretherapy(VRET),whichusescomputer-generatedimagestoimmersepatients
inaphobicsituation,hasbeenwidelyacceptedasaneffectivealternativetooneofthemostefficient
techniques to treatanxietydisorders inclinicalpsychology: invivoexposure therapyor real-life
exposuretherapy(iVET)(Andersonetal.,2013;Botellaetal.,2016;Bouchardetal.,2017,Carlet
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al.,2019;Freitasetal.,2021;García-Palaciosetal.,2007;Raghavetal.,2016).iVET,byitsnature,
resultsinadirectconfrontationwithpatients’fearstimuliinreal-life,whichcanhavegreaterfinancial
andpracticalimplications(e.g.,havingtotakeaplaneincaseoffearofflyingorgatheringalot
ofpeopleforsocialphobiarelatedtoforexamplepublicspeaking).VRETisamorecost-effective
alternative and has the opportunity for creating more controlled and complex interactions with
differentscenariosandinasaferenvironment(Boeldtetal.,2019;Bouchardetal.,2017).Moreover,
somephobicpatientsevenpreferVRETandclinicianshavealsoreportedpositiveattitudestowards
adoptionofVRET(Boeldtetal.,2019;García-Palaciosetal.,2007,Maetal.,2021;Rimeretal.,
2021,Yoonesetal.,2017).VRETcanthuslowerthethresholdbysimulatingtherealworldandserve
asanintermediatestepinapsychologist’sworkspacebeforeimplementingiVET.

Crucially,akeyelementthatmustbepresentinallexposureexercisesinordertohaveaneffective
psychotherapy, is the repeated confrontation with patients’ fear-eliciting stimuli. Although there
aremanypublishedstudiesassessingtheeffectivenessofVRETonbothlong-andshort-term(see
meta-analysispapersfromFodoretal.,2018;Oprisetal.,2012,Carletal.,2019),thereareonlya
fewabouttheimpactofdesignelementsinthevirtualenvironmentonanxietypsychotherapy.These
designchoices(suchasdifferentkindsofanxietystimuli,ordifferentlevelsofavirtualscenario)
are,however,ofutmost relevance fordevelopingeffective,evidencebasedVRETenvironments,
preferablyincollaborationwithsoftwaredevelopers,therapists,andpatients.

UserexperiencetestsshouldbeanessentialpartwhendevelopinganewVRETtoolorwhen
transferringaspecificeffectiveVRETtreatmenttoanotheranxietydomain,providingspecificdesign
guidelines(Mozgaietal.,2020).Forexample,Igras-Cybulskaetal.(2020)gatheredfeedbackon
differentexistingVRapplicationsforfearofpublicspeakingandfoundoutthatthe‘responsivenessof
thecrowd’isanimportantdesignfactor.Anotherinterestingexampleistheinclusionofmultisensory
cues(visual+auditory+tactile+olfactory),asthishasagreatimpactonthefeelingofpresence
andimmersion,whichconsequentlyhasanimpactontheeffectivenessoffearelicitation,asreported
byend-users(Peperkorn&Mühlberger,2013;Marquardtetal.,2018;Songetal.,2021).Also,when
designingVRET,thepossibilityofcombiningthetreatmentwithothercomplementaryelementsof
effectivemethodssuchasseriousgames(withdifferentlevelsandchallenges)couldbeconsidered,
enablingtheinteractionwithanxietycuesandthefeelingofpresence(Levyetal.,2016;Rizhanetal.,
2021),astestedbyYoonesetal.(2017)throughthecomparisonofanactivevspassivevirtualscenario
inelicitingsocialanxiety.However,whenfocusingontheimpactofimplementingdifferenttypes
ofperceptualcuesandconfigurationsinVRET,thisisusuallynotassessed.Thepresentstudywill
focusondesignelementssuchasdifferentkindsofanxietycuesandtheirexposureduration,which
likelyimpactthefearelicitationinVRET,withpeoplethathaveclaustrophobicandpanictendencies.

VRET Design and Perceptual Fear Elicitation
Virtualrealityexposuretherapyreliesontheassumptionthatfeariselicited,whichhappensthrough
twopathways:aperceptualpathwayandaconceptualpathway.Intheperceptualpathway,fearis
elicitedbyrathersensory-relatedfear-evokingcues(i.e.,visual,auditory,touch,smellsensations),
whileintheconceptualpathway,feariselicitedbyfear-relatedsemanticinformation(Shibanetal.,
2016).VRETmainlyreliesonperceptualcuestoelicitfear,asitimmersesthepatientinacomputer-
generatedenvironmentora360-degreefilmedvideorecording.However,italsoofferstheopportunity
tousetheconceptualpathway,byinformingthepatientaboutafearedobjectorsituationoutsidethe
VRenvironment,eventhoughlesseffective(Diemeretal.,2015).CurrentVRETenvironmentsoffer
theopportunityforpsychotherapiststomainlymanipulatetheperceptualcues,creatingthepossibility
tochoosedifferentscenariosorconfigurations,orevenconfiguretheenvironmentitselfbeforeor
duringanexercise (Martijnet al., 2002).Typical configurationoptionsare related to situational
elements (e.g., underground, elevator, MRI, corridor, cave, basement, tunnel, maze) (Christofi
andMichael-Grigoriou,2016;Malbosetal.,2008;Rahani,Vard&Najafi,2018),spatialelements
(e.g.,thesizeoropennessofaroom)(Bruce&Regenbrecht,2009;Christofi&Michael-Grigoriou,
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