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Abstract

Presencén Collaboratve Virtual Ervironments(CVES) canbe classi ed into personalpresence
and co-presence Personalpresencds having a feeling of “being there” in the CVE yourself.
Co-presencés having a feeling thatoneis in the sameplaceasthe other participants,andthat
oneis collaboratingwith real people.In this paperwe describean experimentusedto investigate
the effectsthat small groupcollaborationandinteractionhason personapresenceandspecially
co-presencén a CVE. We hypothesiseéhat collaborationand interactionenhancego-presence
in a CVE. We found thattherewasa large differencein co-presencéetweentwo CVEswhich
producedifferentlevels of collaborationandinteraction. This supportsour hypotheseshatjust
having virtual representationsf othersis notsufcient to createa high senseof co-presenceand
thatoneneedscollaborationandinteractionin orderto enhanceco-presencén a CVE. We mea-
suredpersonalpresencesubjectvely, usinga questionnairalevelopedby Slateret al. We have
developeda co-presenceguestionnairavhich assessethe levels of co-presencsubjectiely. We
have also developeda collaborationquestionnairevhich measuregroup collaborationsubjec-
tively, aswell asthe degreeof enjoymentandcomfortwith othersin thegroup.



1 Intr oduction

Collaboratve Virtual Environments(CVES) involve the useof a distributedarchitectureand ad-
vancedinteractie userinterfacedo createa "shared'spacewheremultiple userslocatedin dif-
ferentgeographicalbcationscaninteractandcollaborate CVEsareseenby mary asthefuturein
telecommunicationd, 2], whereamultitudeof peoplewill beableto meetandinteractwith each
otherin thesame3D spaceasif they werein the samerealspacewith afull rangeof sociological
interactionprovided. However, in orderfor CVEsto beusableandsuccessfulthey needto provide
theparticipantsvith acompellingexperienceandahigh sensef presenceThiswill corvincethe
participantghatthey arepresentn the virtual ervironment,andthatthey arecollaboratingwith
realpeople.

Presencdor personapresencejefersto the psychologicakensatiorof “being there”,having
a senseof beingin the placespeci ed by the virtual environmentratherthanjust seeingimages
depictingthatplace.Accordingto Steuef3] presenceneansThe feelingof "beingin anerviron-
ment'” Co-presencas the feelingthatthe otherparticipantsin the virtual environmentactually
exist andarereally presentin the ervironment,andthe feeling thatonein interactingwith real
people.

In this paperwe presenanexperimentwhichinvestigatesheeffectsthatsmallgroupcollabo-
rationhason personapresencandspeciallyco-presence a Collaboratve Virtual Environment.
A high senseof co-presencén a CVE is crucial to enablea groupof peopleto collaborateand
interacteffectively. However, it is equallyimportantto investigatdf collaboratiorandinteraction
betweera groupof peopleeffect co-presencan a CVE. Our mainhypothesigs thatcollaboration
andinteractionwill enhancehe senseof co-presencen aCVE.

In orderto addresshisissuewe have developedwo collaboratvevirtual environmentswhich
we name high-collaboratior’VE' and low-collaborationVE'. Both VEs are basicallyidentical
andonly the taskdiffers. In the high-collaboratiorVE, participantshave to collaborateto solve
the giventask. In the low-collaborationVE, participantsdon't needto collaborateto solve the
problem.

We measurgresencego-presenceandcollaboratiorsubjectirely makinguseof postexperi-
mentguestionnairesWe usea presencejuestionnairelevelopedby Slateretal [4, 5] to measure
the senseof personapresencdelt by the participantduringthe experiment.We have developed
a co-presenceguestionnairavhich measureshe degree of co-presencdelt by the participants
during the experiment. We have also developeda collaborationquestionnairavhich measures
group collaborationsubjectiely, aswell asthe degreeof enjoymentand comfortwith othersin
thegroup.

In this experiment,we shov thatinteractionandcollaborationdoesenhancehe senseof per
sonalpresenceand co-presencén a CVE. It is alsoimportantto seeif the senseof personal
presenceand co-presencare associated.This is a usefulissueto investigate sinceif personal
presencandco-presencareassociatethis couldbe becaus®f commonfactorswhichin uence
both,or becausehey in uence oneanother We shaw thatcontraryto whatTrompetal [6] found
in oneof their experimentsthe senseof personabresenceand co-presencavere not positively
correlatedn this experiment. Witmer and Singer[7] have developedan Immersive Tendencies
QuestionnairglTQ) designedo measuranindividual'simmersie tendenciesThey have found
thatthe ITQ predictswithin agivenVE, thelevel of presencéelt by participant{asmeasuredy
their presenceajuestionnaire) Sincewe usea differentpresencejuestionnaireywe usedWitmer
andSinger5ITQ to try andreplicatetheir results.We foundthatthe presencescore(asmeasured
by Slateret al's questionnaireyas positively correlatedwith the immersive tendenciesscore.
However, the co-presencecorewasnot correlatedwvith theimmersie tendenciescore.



Thetasksusedin thedifferentVEs aredesignedsothatthey makesurethatparticipantseed
to collaborateandinteractto solve thetaskin the high-collaboratiorVE, anddo not needto col-
laborateat all to solve thetaskin the low-collaborationVE. Taskperformances notimportantin
this experimentandthetaskis only usedto makesurethatwe getdifferentlevelsof collaboration
andinteractionin bothVEs.

The following sectiondescribegpresencandimmersionin virtual ervironments. Section3
provides someinformationon how to measurehe senseof presenceén a virtual ervironment.
Sectiord describesheactualexperimentwe have performedwhichteststhe hypothesighatcol-
laborationandinteractionin a CVE enhanceso-presenceSection5 shavs the resultsobtained,
andpresentsa discussiorof thoseresults. Finally Section6 presentdlirectionsfor future work
andconclusions.

2 Presenceand Immersion

Slateretal [4, 8] de ne presencas“a stateof consciousnesshe (psychologicalsenseof being
in the virtual ervironment”. Slateret al [9] classify presencdnto personalpresenceand co-
presence Personabresenceelatesto the subjectie feeling of “being there” yourself, in the
virtual ervironment,leadingto a senseof “placesvisited, ratherthanimagesseen”[4, 8]. Co-
presencéastwo aspectsthatof feelingthatthe otherparticipantsn the VE actuallyexist andare
really presenin the ervironment,andthatof feeling partof a groupandprocess Slaterel al [4]

alsomentionthatwhile experiencinga high sensef presencethebehaiour of participantsn the
VE shouldbe consistenwith the behaiour thatwould have occurredin everydayreality under
similar conditions.Thisis animportantfactorwhich canbeusedto measurg@resencén VESs.

Immersionis de ned by Slateret al [8, 10] to meanthe extentto which the systemdelivers
a surroundingervironment,which blocksout externalsensorydata,which generates variety of
sensoryinformation,andthe extent of the richnessof that sensoryinformation. In otherwords,
Slateretal de ne immersionasanobjective descriptionof the VE technology

Witmer and Singerde ne presenceas “the subjectie experienceof beingin one placeor
ervironment,evenwhenoneis physicallysituatedin another’[7]. Whenappliedto virtual en-
vironments,this de nition meansthat presenceaefersto experiencingthe computergenerated
ervironmentratherthanthe actualphysicallocation. Witmer and Singer[7] indicatethat pres-
encein a virtual ervironmentdependon one's attentionshifting from the real ervironmentto
thevirtual environment,andthatpresence&epend®n bothinvolvemenandimmersion They de-
ne involvementas“a psychologicaktateexperiencedisa consequencef focusingone'senegy
andattentionon a coherentetof stimuli or meaningfullyrelatedactivities andevents”[7], and
indicatethatasparticipantdsecomemoreinvolvedin the VE theirsensef presencéncreaseslim-
mersionis de ned as“a psychologicaktatecharacterizethy perceving oneselfto be erveloped
by, includedin, andinteractingwith anenvironmentthat providesa continuousstreamof stimuli
and experiences[7]. They indicatethata VE that producesa greatersenseof immersionwill
producehigherlevelsof presence.

Presencén CVEs hasbeenlinked to knowledgetransfer whereskills or knowledgegained
in avirtual ervironmentcanbe successfulltransferredo the realworld [8], aswell aspossible
enhancemertf learningandperformancg?7]. We postulatehat“presence’canthereforebeused
asameasuref how effective avirtual environmentis.



3 Measuring Presence

Oneof themajorissuesvhendealingwith presencén avirtual environmentis how to measuret.
HeldandDurlach[11], andSheridar{12] notethatwe don't have aworking measuref presence.
Suggestedpproachesiclude:

1. Userreportedsenseof presence:This involvesinquiring the usersabouttheir senseof
presenceThe problemwith this approachs thatinquiring the stateof theusermay change
thatstate.

2. Obsenationof userbehaiours: This involvesobservingthe behaiour of the participants
in therealworld, reactingto differentstimuli in thevirtual ervironment.

3. Taskperformancen therealandvirtual ervironment: This assumeshatif a userperforms
ataskin thevirtual environmentasef ciently andin the samemannerasin therealworld
thenthey mustbe presentn the VE.

Sincepresencas a subjectie experience the simplestway to measuret is to makeuseof
guestionnaireslin fact the vastmajority of presencexperimentsmeasurgpresenceaisingques-
tionnairesandarethereforemeasuringubjectivepresencé4, 8, 5, 7).

Slateret al [4, 8, 5] have developeda questionnaire-basemieasureof subjectve personal
presencdasedn threemainattributes:

1. Thesensef “beingthere”in thevirtual environmentascomparedo beingin aplacein the
realworld.

2. Theextentto whichthereweretimeswhenthevirtual environmentbecamehereality. i.e.,
theextentthatthe subjectforgot thathe/shenvasstandingonthelab.

3. Theextentto which the participants memoryof thevirtual environmentis similar to their
normalmemoryof aplace.

Whenit comeso measuresubjectie co-presencé.e., thefeelingof presencef othersin the
VE), onecanuseasimilar setof attributesasfor personapresenceabore. Slateretal [9] indicate
thatthe simplesttypesof questionghatcanbe usedto measuresubjectie co-presencareof the
form:

To whatextentdid you have a sensehatyou werein the sameplaceas[persony] ?

To whatextenddid you have asensdhat[persory] wasin thesameplaceasyou duringthe
courseof theexperiment.

To what extent did you have a senseof the emegenceof a group/communityduring the
courseof theexperiment?

To whatextentdid you have a senseof being“part of thegroup”?

WitmerandSinger[7] have developeda presenceguestionnairdasedn: thefactorsbelieved
to underliepresencegrvironmentafactorsthatencourag@volvemeniandenablémmersionand
internaltendencieso becomeinvolved. Thesefactorsaresubjectively de ned, andthe questions
in the questionnairelicit the opinionsof the experimentakubjectsaboutthesematters.



4 Small Group Collaboration Experiment

This experimentis usedto investigatecollaborationandinteractionbetweena small group of 3

usersin a CVE, andthe effectsthat collaboratiorandinteractionhason co-presence the CVE.

The speci ¢ aim of this experimentis to testwhetherco-presencés increasedyy collaborating
andinteractingwith otherparticipantsn the CVE.

4.1 Presenceand Collaboration: Hypotheses

Thenotionof having somesortof virtual representation@r avatars ) of participantsn acollab-
orative virtual environmentis very importantto createa sensef presencegspeciallyco-presence
[13,14,9, 15, 6, 16].

In this experimentwe investigatahefollowing hypotheses:

The notion of a virtual body is crucialto createa senseof co-presenceA participantre-
guiresinformationsuchaslocation (positionand orientationof others),identity (who the
avatarrepresents)availability (corveying somesenseof how busy and/orinterruptiblea
participantis), andaction(whatactionis a participantdoing)to establisrandmaintainthe
presencef otherparticipantsn the VE.

Groupcollaboratiorandinteractionwith otherparticipantsn theenvironmentshouldin u-
enceco-presencelt is believedthatsimply having a visualrepresentationf otherusersn
theernvironmentis notsufcient to createa high senseof co-presenceHaving the possibil-
ity to collaborateandinteractwith otherparticipantsn the sharecenvironmentshouldvery
muchincreaseahe senseof co-presence.

Personapresencandco-presenceouldbe positively correlated.Slaterel al [9] postulate
thatpersonapresencés a prerequisitdor co-presencdt would beusefulto know whether
theseawo typesof presencareassociated.

In orderto addressheseissuesye usetwo collaboratve virtual environmentgnamed high-
collaboratiorVE' and’low-collaborationVE'). BothVEsareidenticalandonly thetaskdiffers.In
the high-collaboratiorVE, participantcancommunicatendinteractwith oneanotherandhave
to collaborateto solve the giventask. In thelow-collaborationVE, participantsccancommunicate
with oneanotherbut don't needto collaborateo solve theproblem.

4.2 Collaborative Virtual EnvironmentPrototype

The CVE is implementedusingthe DIVE (DistributedInteractie Virtual Environment)system
[17]. DIVE is atoolkit for the developmentof multi-userdistributedvirtual ervironment,devel-
opedatthe Swedishnstituteof ComputersciencgSICS)[18].

The VE consistsof a setof roomswhich createsa simplemaze(seeFigurel1). Participants
areableto move their avatararoundtheroomsusingthe arrov keys, andmove their avatar's head
usingthemouse.They areableto pick up objectsin the VE by clicking on them,which attaches
the objectto their avatar They arethereforeableto move the objectby moving themseles,and
thenreleasaheobjectby clicking onit again.Participantscancommunicatavith eachotherusing
anaudiochannel.

Theword avataroriginatesrom Hindu mythologyandmeansgheincarnationof a spiritin anearthlyform
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Figurel: Thehigh-collaboration/E, consistingof a setof roomsforming a maze.In theleft picture,the
Blue participantis looking at the Redand Greenparticipants.In theright picture,the Redparticipanthas
pickedup theredpyramid,andcannow move aroundanddropthe shapdn the appropriateoom.

In this experiment,all the participantshave an identical avatar consistingof a 'T' shaped
block avatarcalled Blockie' (Blockie is the defaultavatarusedby the DIVE system).The only
differencebetweertheparticipants avatarsis their colourbeingred, greenor blue (seeFigurel).
TheavatarswherelabeledRed,GreenandBlue, andparticipantcalledeachotherby thesenames
duringthe experiment.

4.3 Experimental Task

Thetaskconsistedf moving differentgeometricabhapegpyramids cubesrectanglesinto spec-
i ed rooms.Therewere3 roomswhich hadlabelsto indicatewhich shapesiadto be broughtto
whichroom.

In the high-collaboratiorVE, eachparticipanthasan avatarof a given colour (red, greenor
blue),andthe shapesrealsored,greenor bluein colour. All the shapesrelockedby padlocks
(referto Figurel) andparticipantsannotpick up lockedshapesThe padlocksarealsocoloured
red,greenor blue. In addition,only the participantwith the samecolourasthe shapecanpick up
thatshapeandonly the participantwith the samecolourasthe padlockcanunlockthatpadlock.
Therefore picking up a red shapdockedwith a blue padlockinvolveshaving the RedandBlue
participantswithin a closerangeof the shape,andhaving the Blue participantunlock the blue
padlockby clicking onit. Clicking onthe padlockcausest to openfor 6 secondsafterwhichit
automaticallylocksitself. During those6 secondsthe Redpatrticipantcanpick up the shapeby
clicking onit. Theshapegetsattachedo the Redavatar andhe/shecanmove aroundthe virtual
ervironmentanddrop the shapein the appropriataoom. We chosethis taskbecauset requires
obsenationandtalking,andcanonly besolvedby collaboratiorsincetwo participantsareneeded
to pick upashape.

In the low-collaborationVE, the taskis basicallythe sameexceptthatthereareno padlocks
locking the shapesTherefore agivenshapecanbe pickedup by the userhaving the samecolour
asthe shapewithout needingthe help of anotherparticipant. This meanshat participantsdon't
needto collaborateto move the shapesaround,andso this task can be completedwithout ary



collaboration.Thelow-collaborationVE wasusedasthe controlexperiment.

Sincetheparticipantannotseetheirown avatar a smallsquarewith the samecolourastheir
avataris displayedon the upperleft cornerof the displayto indicatewhich colouris associated
with theuser andhencewhich objectshe/shecanpick up.

4.4 Experimental Procedure

Theexperimentinvolved30 participantsdividedinto 10groupsof 3 userseach.Participantsvere
recruitedfrom the UCT campusandwhereapproximatelythe sameage. On completionof the
experiment,eachparticipantsvaspayedR20.

The rst 4 groups(12 participantswereassignedo the low-collaborationVE, andthe next
6 groups(18 participants)}o the high collaborationVE. Noneof the participantknew thatthere
weretwo differentVEs.

Beforestartingthe experiment,eachparticipantwasintroducedto the system.This involved
learninghow to maove throughthe ervironmentandhow to pick up objectsin the virtual erviron-
ment. Oncethey wherefamiliar with the interface eachparticipantreadthe experimentinstruc-
tionsdescribinghetask.In orderto makesurethatthetaskwasfully understoodtheexperimenter
explainedthetaskto eachparticipantansweringary questionghey hadaboutthetask.

Participantdn agroupdid notmeeteachotherin reallife. Thiswasaccomplishedby situating
theworkstationsn differentrooms.Participantsmeetfor the rst timein theVE, andcalledeach
otherby their avatarcolour. Participantswereusingearphone$or audiocommunicatiorwhich
blockedout extraneoussounds.

Thetaskwas25 minuteslong, but this wasnot mentionedo the participantsasknowledgeof
time limit might affecttaskperformanceOncethetime wasup, the participantsvhereinstructed
to stop.After that,eachparticipantwasrequiredto Il in 3 questionnaireghemmersve Tenden-
ciesQuestionnair€l TQ), the presencendco-presencguestionnairéPQ),andthe collaboration
guestionnairéCQ). Thesequestionnairearedescribedn moredetailsin Section4.5.

4.5 Measuring Presenceand Group Collaboration

In this experiment,we measuresubjectve reportedevels of personalpresencend co-presence
usingquestionnairesThe personalpresenceauestionnairés basedon the questionnaireslevel-
opedby Slateretal [4, 5]. Thequestionnair@laboratesn thethreeattributesproposedy Slater
etal (describedn Section3) to measurgersonapresenceTo measure&o-presencaye have de-
velopeda co-presencguestionnairevhich usesguestionsimilar to the onesproposedy Slater
elalin [9], whichareshavnin Section3. Thepresenceguestionnairéasbeenusedandvalidated
by Slateretal in mary experimentg4, 8, 5]. Our co-presenceguestionnairatill needso beval-
idatedby performingotherexperiments.Neverthelessbasedon the obtainedresults,we believe
thatit producesavalid measuref co-presence the CVE.

The lImmersie TendencieQuestionnairglTQ) developedby Witmer andSinger[7] is used
to measurdifferencedn the tendencie®f individualsto becomeimmersed. The itemsin this
guestionnairemainly measurenvolvementin commonactiities. Sinceincreasednvolvement
canresultin moreimmersion,we expectindividuals who tendto becomemore involved will
alsohave greaterimmersve tendencies We usethis questionnair¢éo makesurethatthereis no
differencein immervisetendenciebetweerthe participantof the low-collaborationVE andthe
high-collaborationVE. We alsousethis questionnairdo try andreplicateWitmer and Singers
resultswith regardto the correlationbetweerthe I TQ andpresencecores.



We measuresubjectvely ratedcollaborationby making useof a post-eperimentquestion-
naire. This collaborationquestionnair§CQ) is usedto make surethat the two VEs (i.e., the
low-collaborationVE andthe high-collaborationVE) produceddifferentlevels of collaboration
andinteraction.The collaborationquestionnairés basedn thework doneby Trompel al [6]. It
assessethe degreeof enjoymentthe desirefor the groupto form again,the degreeof comfort
with individual membersandthe perceved collaborationof the groupandof the othermembers
of the group. Our collaborationquestionnairds validatedby the fact thatit picked up quite a
differencein collaboratiorbetweerthe high-collaboratio’/E andthelow-collaborationvE.

4.6 Equipment

In thisexperimentwe used desktop'virtual ervironmentsmeaninghatnoimmersve equipment
wasused. Movementsthroughthe virtual ervironmentwasaccomplishedisingthe arrov keys.
Objectsin thevirtual ervironmentcould be pickedup anddroppedby clicking on themwith the
mouse Participantsusedheadphoneandmicrophonegor audiocommunication.

TheredparticipantusedanSGIOnyx RealityEngine2vith four 200-MHZR4400,128Mbytes
of RAM, and21inchscreenTheblueparticipantanSGIl O2with a175-MHZR10000processar
128Mbytesof RAM, and21inch screen.Thegreenparticipantusedan SGI O2 with a 195-MHZ
R10000processqr256 Mbytesof RAM, and17inch screen.

5 Analysisof Results

In this section,we describeheresultsobtainedn theexperiment.We rstly presenthedifferent
variableaneasure@ndthehypothesesnthosevariable followedby a summaryandadiscussion
of theobtainedresults.

5.1 Variablesand Hypotheses

Usingthequestionnairementionedn Section4.5,we measuredhefollowing variables:

The presencescore P: measurethe senseof personapresence.
The co-presencescore CO-P: measureshe sensef co-presence.

The collaboration score COLL : measureshe degreeof group collaborationand group
accord.

The immersive tendenciesscore IT : measureshe tendencie®f individualsto become
immersed.

The hypothesedor the above variablesare: We expect COLL to be higherin the high-
collaborationVE, thanin the low-collaborationVE. This will show thattherewasindeeda dif-
ferencein collaborationbetweerthe two virtual environments.We expect CO-Pbe to higherin
thehigh-collaboratio®/E thanin thelow collaborationVE. Thiswill supportour hypothesethat
interactionandcollaborationenhanceso-presencen a CVE. Witmerandsinger[7] indicatethat
thelT score(asmeasuredby theirimmersve tendenciesgjuestionnairepredictthe presencecore
(asmeasuredy their presenceuestionnaire)lt is importantto checkif this correlationis repli-
catedis this experiment,which usesa differentpresencejuestionnaire.Finally, it is important
to checkif thereis arelationshipbetweenP andCO-Pscores.Trompetal [6] indicatethatthey
founda positive correlationbetweerthe personapresencendco-presencscoresn oneof their
experiments.



5.2 Summary of Results

In orderto checkif samplingerrorsoccurredduringtheexperimentwe comparedheP scoresand
the CO-Pscoreswithin thesameconditiong(i.e., in thelow-collaboratiorWVE andthenin thehigh-
collaborationVE). For eachVE, a one-wayAnalysisof Variance(ANOVA) on groupnumber
andP scorewasperformed We foundno signi cant differencdn eitherVE atthe0.05con dence
level ( for thelow-collaborationvE; for
the high-collaboration/E). For eachVE, a one-wayANOVA on groupnumberandCO-Pscore
wasalsoperformed Again, wefoundno signi cant differencen eitherVE atthe0.05con dence
level ( for thelow-collaborationvE; for
the high-collaboratiorVE). This indicatesthattherewereno signi cant samplingerrorswith the
P andCO-Pscores.

In orderto checkif differentequipmentplayeda role in the results,we performedfor each
VE anANOVA on colourandP score.We foundno signi cant differencein eitherVE atthe0.05
con dencelevel ( for thelow-collaborationVE;

for the high-collaboratiorVE). Also, we performedan ANOVA on colourandCO-Pscore
for eachVE. Again, we found no signi cant differencen eitherVE atthe 0.05con dencelevel,
with for the low-collaborationVE and
in the high-collaborationVE. This shaws that the differentequipmendid not leadto signi cant
differencesn P andCO-Pscores.

In orderto checkthat both VEs produceda differentlevel of collaboration,we performeda
one-wayANOVA to checkthe differencein COLL scorebetweerthe low-collaborationVE and
thehigh-collaboratio/E. We foundthat,asexpectedtherewasa very large differencean COLL
scorebetweenboth VESs, with . This shows that participants
felt that they collaboratedquite a lot in the high-collaborationVE, and not at all in the low-
collaborationVvE.

We thencomparedhedifferencen the P scoredbetweerthelow andhigh-collaboratio’/Es.
This wasdoneusinga one-wayANOVA, andwe foundthattherewasa signi cant differenceat
the 0.05con dencelevel, with . Thisindicatesthatparticipantshad
ahigherP scoreon the high-collaborationVE.

We alsocomparedhe CO-P scoreshetweerthe low and high-collaboratiorVEs. Thiswas
achiezed by doinga one-wayANOVA on CO-Pscoredor both VEs. We foundthattherewasa
very signi cant difference having . This differenceindicatesthat
participantsn the high-collaboratio’VE hada greatersenseof co-presencéhanparticipantsn
thelow-collaborationvE.

A correlationanalysisvasperformedonthe P, CO-R andIT variablesn eachVE, to checkif
thereweresigni cant relationshipsetweerthem. We performedwo-sidedtestsin boththe low
andhigh collaborationVE, andwe obtainedhefollowing results:

Low-collaborationvE:

Correlation betweenP and IT scores and . At asigni cancelevel
of 0.05,with and10 deggreesof freedomwe get , andacritical valueof r
(rcrit) equalto 0.5759.ThisindicateghatP andIT weresigni cantly correlated.

Correlation betweenCO-P and IT scores and . At assigni cance
level of 0.05,with and10 degreesof freedomwe get , andacritical value
of r (rcrit) equalto 0.5759.We canseethatthe CO-PandIT scoreswerenot signi cantly
correlated.

An introductorybookto statisticalanalysisusedwas“Statistics”by W. L. Hays[19]



Correlation betweenP and CO-P scores and . At assigni cance
level of 0.05,with and10degreesof freedonmwe get , andacritical value
of r (rcrit) equalto 0.5759.Here,the PandCO-Pscoresverenotsigni cantly correlated.

High-collaboratiorVE:

Correlation betweenP and IT scores and . At asigni cancelevel
of 0.05,with and16 degreesof freedomwe get , anda critical valueof r
(rcrit) equalto 0.4682.We canseethatthe P andIT scoresveresigni cantly correlated.

Correlation betweenCO-P and IT scores and . At asigni cancelevel
of 0.05,with and 16 dggreesof freedomwe get , anda critical value of
r (rcrit) equalto 0.4682. We canseethatthe CO-PandIT scoreswere not signi cantly
correlated.

Correlation betweenP and CO-P scores and . At asigni -
cancdevel of 0.05,with and16 degreesof freedomwe get , andacritical

valueof r (rcrit) equalto 0.4682.The P andCO-Pscoresverenotsigni cantly correlated.

5.3 Discussion

Theresultsshow thattherewasavery largedifferencen thecollaboratiorscore(COLL) between
the low andhigh-collaboratiorVEs. This indicatesthat we succeededh our goal of creatinga
large differencen collaboratiorbetweerthe two virtual ervironments.

In the analysisof the co-presencacore,we found that therewasa very large differencein
co-presencdetweenthe two conditions. The co-presencacorewasmuch higherin the high-
collaborationVE whencomparedo the low-collaborationVE. This supportsour hypothesesghat
justhaving virtual representationsf othersis not suf cient to createa high senseof co-presence,
andthatoneneedsollaborationandinteractionin orderto enhanceo-presencen aCVE.

Whenlooking at the presencescores,we found that the presencescore(P) was higherin
the high-collaborationVE thanin the low-collaborationVE. This is aninterestingresultsinceit
indicateghatcollaboratiorandinteractionwith otherparticipantsaffectspersonapresenceThis
might be explainedby the fact that sincethe high-collaboratiortask was more challenging,it
requiredthe participantto be moreinvolvedin the experienceand henceenhanceshe senseof
personapresence.

Witmer andSinger[7] indicatethattheirImmersve TendencieQuestionnair€l TQ) predicts
thelevel of presenceecordedvith theirpresenceguestionnairén aVE. Sincewe have useda dif-
ferentpresencguestionnairdbasedn the questionnairelevelopedby Slateretal, it is important
to checkif we canreplicateWitmer andSingers results.We foundthatin boththe low andhigh-
collaborationVEs, the presencescoreandthe IT scorewerepositively correlated.This supports
Witmer and Singers resultsindicatingthatthe immersie tendenciescoresact asa predictorof
the presencescore. This is aninterestingresultsincein anotherexperimentwe conducted] we
failed to replicateWitmer and Singers resultsusingtheir presencejuestionnairéPQ) andtheir
ITQ. This mightindicatethat Witmer andSingers PQ/ITQ correlation(usingtheir PQandITQ)
seemdo hold only undercertainconditions,which areunclear On the otherhand,we found no
correlationbetweerthe CO-Pscoreandthe IT scorein ary of thetwo conditions.Thisindicates
thattheimmersve tendencieslo not predictthe co-presencéelt by participants.

Whenwe comparedhepresencanco-presencsecoresye foundthattherewasno correlation
betweerpresenceandco-presencén ary of thetwo conditions. We thereforefailed to replicate
theresultsfoundby Trompetal in oneof theirexperimentd6].
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6 Conclusion

We found that therewasa large differencein the co-presencascoresbetweenthe low and high
collaborationVEs, indicating that participantsin the high-collaborationVE had a much larger
senseof co-presenc¢hanparticipantin the low-collaborationVE. This supportsour hypotheses
that just having virtual representationsf othersis not sufcient to createa high senseof co-
presenceandthat one needscollaborationandinteractionin orderto enhanceco-presencén a
CVE.

Our resultssuggesthat contraryto what Tromp et al [6] foundin oneof their experiments,
the senseof personalpresencaand co-presencavere not positively correlatedn ary of thetwo
conditions.Thisdoesnotindicatethatthereis norelationshippetweernhesdawo typesof presence,
but that moreresearcmeedso be donein this areain orderto con rm if thereis a relationship
betweerthe sensef personapresencandco-presence a CVE. Theexistenceof arelationship
betweerpersonapresencandco-presencis importantsinceit couldmearthattherearecommon
factorswhichin uencesboth,or becaus¢hey in uence oneanother Slateretal [9] postulateghat
personapresencés a prerequisitdor co-presence.

We have usedWitmer andSingers Immersve TendencieQuestionnair€ITQ) [7] to try and
replicatetheir resultsindicatingthatthe immersve tendenciescorepredictsthe presencescore.
We managedo replicatetheir resultusinga differentpresencguestionnaire.
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