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ABSTRACT

Inthispaper,theauthorsbuildanimmersivetrainingspaceusingbuilding-scaleVR,atechnology
thatmakesavirtualspacebasedonanentirebuildingexistingintherealworld.Thespaceisusedfor
presentations,allowingstudentstoself-train.Theresultsofapresentationareautomaticallyevaluated
byusingmachinelearningorthelikeandfedbacktotheuser.Inthisspace,userscanmeettheir
pastselves(moreaccurately,theiravatars),sotheycanobjectivelyobservetheirpresentationsand
recognizeweakpoints.Theauthorsdevelopedamechanismforrecordingandreproducingactivities
invirtualspaceindetailandamechanismforapplyingmachinelearningtoactivityrecords.With
thesemechanisms,asystemforrecording,reproducing,andautomaticallyevaluatingpresentations
wasdeveloped.
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1. INTRodUCTIoN

ThecurrentuseofVR isbiased towards entertainment suchasgames, andmuchhardware and
softwaredevelopmentisforthatpurpose(Grubertetal.,2018;Gugenheimeretal.,2017;Huanget
al.,2017).However,6degreesoffreedomandcontrollersforinteractingwiththevirtualworldare
alsosuitablefortraining,learning,andmeetings,andwethinkthatusageinthesedirectionsshould
beincreased.Infact,themedicalandathleticfieldsuseVRsimulationsystemsforsurgicaltraining
andrehabilitation(Hamzeheinejadetal.,2018;Zahedietal.,2017).Inaddition,researchhasbeen
conductedonvisualizingthemovementofplayersinVR(Kaplanetal.,2018)andonimprovingthe
efficiencyofVRtraining(Loretoetal.,2018;Isogawaetal.,2018).

Similarly, companies and universities are introducing VR conferences and VR classes, and
theireffectivenesshasbeenverified(Cliffordetal.,2018;Slavovaetal.,2018;Volonteetal.,2018;
Wienrichetal.,2018).InadditiontobeinginaVRspaceremotely,VR-specificlearningmethods
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havebeendevisedthatdisplayinteractive3Dmodelsoruse360-degreecontentforeffectivelearning
(Husseinetal.,2011).

However,VRusagerelatedtomeetingsandclassesmainlyinvolvesparticipationfromremote
locationswithonlyasenseofreality,suchaspresencecommunication.Therefore,theVRfeatureof
trackingthemovementofpartsofthebodyorthewholebodyisnotfaithfullytakenadvantageof.

Nonverbalcommunicationchannelssuchasgesturesarealso important inVR,and theyare
knowntobeparticularlyeffectiveinpresentations(Hostetter,2011).Therefore,thebodymovements
ofVRusersshouldbeconsidered.

Inanactualmeeting,recordingmainlyinvolvesvideoandaudio.Forthisreason,extraworkis
requiredtoobtainknowledgefromtheserecords,suchasestimatingthebodymovementofaspeaker
fromimages.However,inVR,theuseralwayswearsatrackingdevice,sodatacanbeacquiredmore
easily.Inotherwords,aconferenceusingVRismorelikelytouncoverthecharacteristicsandcustoms
oftheparticipantsthananin-personconferencewould.

Severalsystemsforevaluatingreal-worldpresentationsalreadyexist (Kuriharaetal.,2007).
However,amethodologyforimprovingtheproblemsdiscoveredandthespecificsolutionstothe
problemshasnotbeenestablished.Thethresholdoftheevaluationindicesusedinthesystemsis
alsodeterminedbyintuition.Furthermore,gesturesarenotevaluatedmuchduringpresentations.

Inthispaper,weproposeaVRpresentationtrainingsystemthatautomaticallyevaluatesand
feedsbackauser’sownpresentations.

In thissystem,apresentationvenue(conferencehall)similar tooneinreality isreproduced
inVR,thepresenterandaudienceareexpressedasVRavatars,andthepresentationisrecordedin
detailandevaluatedautomaticallyinrealtime.Speech/gazeareevaluatedbyKuriharaetal.(2007)
andWolfInMotionLtd.(2016)inthesamemanner,andwealsoevaluategesturesinthesameway.
Toevaluategestures,werecordthemovementsofpresentersduringpresentationsmadeinVRspace
andperformsubjectiveevaluationswithmultiplesubjects.

Weperformmachinelearningwiththisdataanddevelopanautomaticpresentation-evaluation
andfeedbacksystem.OneofthefunctionsoftheVRpresentationtrainingsystemisaVRplayback
functionthatbrowsespastpresentationsinVRandencouragesuserstoreflectontheirownpresentation
performance.However,atpresent,thereisnoappropriatemeansofrecordingandanalyzingpast
presentationsandmotions.

In this research, we developed VRec, a library that records activities in VR in detail, and
VR2ML,alibrarythatanalyzesrecordeddatausingmachinelearning(Yokoyama&Nagao,2020),
asasupplementalsystemfortheVRpresentationtrainingsystem.

VRec isa library for recordingactivities inVR,and it can recordandplayback3Dmodel
movementssuchashumanavatarsandobjectsandeventssuchassoundandeffectgeneration.

VR2MLisalibrarythatextendsthefunctionsofVRecandreconstructsthecontentrecorded
byVRecintoaformsuitableformachinelearningandstatisticalprocessing.Inaddition,weprovide
asystemthatperformsmachinelearningonaVRgameengineandfeedsbacktheresults,although
itisstilllimitedtolearningfunctions.

Bothlibrariesaredesignedsothattheycanbeusedforpurposesotherthanthisresearch,and
theyhavebeenreleasedtothepublicandarebeingdistributed.

Usingthesetwolibraries,weimplementedandevaluatedaVRpresentationtrainingsystem.
In addition, short-term and long-term experiments were performed using this system, and the
effectivenessof the systemwasverifiedon thebasisofchanges inevaluationscoresandverbal
questionnaires.

Our main contributions are three-fold: (1) a methodology for realizing and operating a VR
presentation training system, (2) a method for analyzing body movements including gestures in
presentations,whichhasnotbeenconsideredmuchinthepast,basedonmachinelearning,and(3)
theresultsofevaluationexperimentsdoneonthesystemusingsubjects.
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