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Abstract

Presencein Collaborative Virtual Environments(CVEs)canbeclassi�ed into personalpresence
and co-presence. Personalpresenceis having a feeling of “being there” in the CVE yourself.
Co-presenceis having a feeling that oneis in the sameplaceasthe otherparticipants,andthat
oneis collaboratingwith realpeople.In this paperwe describeanexperimentusedto investigate
theeffectsthatsmallgroupcollaborationandinteractionhason personalpresenceandspecially
co-presencein a CVE. We hypothesisethat collaborationand interactionenhancesco-presence
in a CVE. We found that therewasa largedifferencein co-presencebetweentwo CVEs which
produceddifferentlevelsof collaborationandinteraction.This supportsour hypothesesthat just
having virtual representationsof othersis notsuf�cient to createa highsenseof co-presence,and
thatoneneedscollaborationandinteractionin orderto enhanceco-presencein a CVE. We mea-
suredpersonalpresencesubjectively, usinga questionnairedevelopedby Slateret al. We have
developeda co-presencequestionnairewhichassessesthelevelsof co-presencesubjectively. We
have alsodevelopeda collaborationquestionnairewhich measuresgroupcollaborationsubjec-
tively, aswell asthedegreeof enjoymentandcomfortwith othersin thegroup.



1 Intr oduction

Collaborative Virtual Environments(CVEs) involve the useof a distributedarchitectureandad-
vancedinteractive userinterfacesto createa `shared'spacewheremultiple users,locatedin dif-
ferentgeographicallocationscaninteractandcollaborate.CVEsareseenby many asthefuturein
telecommunications[1, 2], whereamultitudeof peoplewill beableto meetandinteractwith each
otherin thesame3D spaceasif they werein thesamerealspace,with a full rangeof sociological
interactionprovided.However, in orderfor CVEsto beusableandsuccessful,they needto provide
theparticipantswith acompellingexperienceandahighsenseof presence. Thiswill convincethe
participantsthat they arepresentin the virtual environment,andthat they arecollaboratingwith
realpeople.

Presence(or personalpresence)refersto thepsychologicalsensationof “beingthere”,having
a senseof beingin theplacespeci�ed by thevirtual environmentratherthanjust seeingimages
depictingthatplace.Accordingto Steuer[3] presencemeans“The feelingof `beingin anenviron-
ment'.” Co-presenceis the feeling that theotherparticipantsin the virtual environmentactually
exist andarereally presentin the environment,andthe feeling that onein interactingwith real
people.

In thispaper, wepresentanexperimentwhichinvestigatestheeffectsthatsmallgroupcollabo-
rationhasonpersonalpresenceandspeciallyco-presencein aCollaborativeVirtual Environment.
A high senseof co-presencein a CVE is crucial to enablea groupof peopleto collaborateand
interacteffectively. However, it is equallyimportantto investigateif collaborationandinteraction
betweena groupof peopleeffect co-presencein aCVE. Ourmainhypothesisis thatcollaboration
andinteractionwill enhancethesenseof co-presencein a CVE.

In ordertoaddressthisissue,wehavedevelopedtwocollaborativevirtualenvironments,which
we name`high-collaborationVE' and`low-collaborationVE'. Both VEs arebasicallyidentical
andonly the taskdiffers. In thehigh-collaborationVE, participantshave to collaborateto solve
the given task. In the low-collaborationVE, participantsdon't needto collaborateto solve the
problem.

We measurepresence,co-presence,andcollaborationsubjectively makinguseof postexperi-
mentquestionnaires.We usea presencequestionnairedevelopedby Slateretal [4, 5] to measure
thesenseof personalpresencefelt by theparticipantsduringtheexperiment.We have developed
a co-presencequestionnairewhich measuresthe degreeof co-presencefelt by the participants
during the experiment. We have alsodevelopeda collaborationquestionnairewhich measures
groupcollaborationsubjectively, aswell asthe degreeof enjoymentandcomfortwith othersin
thegroup.

In thisexperiment,we show thatinteractionandcollaborationdoesenhancethesenseof per-
sonalpresenceand co-presencein a CVE. It is also importantto seeif the senseof personal
presenceandco-presenceareassociated.This is a useful issueto investigate,sinceif personal
presenceandco-presenceareassociatedthiscouldbebecauseof commonfactorswhich in�uence
both,or becausethey in�uence oneanother. We show thatcontraryto whatTrompet al [6] found
in oneof their experiments,the senseof personalpresenceandco-presencewerenot positively
correlatedin this experiment. Witmer andSinger[7] have developedan Immersive Tendencies
Questionnaire(ITQ) designedto measureanindividual'simmersive tendencies.They have found
thattheITQ predicts,within agivenVE, thelevel of presencefelt by participants(asmeasuredby
their presencequestionnaire).Sincewe usea differentpresencequestionnaire,we usedWitmer
andSinger's ITQ to try andreplicatetheir results.We foundthatthepresencescore(asmeasured
by Slateret al's questionnaire)was positively correlatedwith the immersive tendenciesscore.
However, theco-presencescorewasnotcorrelatedwith theimmersive tendenciesscore.
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Thetasksusedin thedifferentVEsaredesignedsothatthey makesurethatparticipantsneed
to collaborateandinteractto solve thetaskin thehigh-collaborationVE, anddo not needto col-
laborateat all to solve thetaskin thelow-collaborationVE. Taskperformanceis not importantin
thisexperiment,andthetaskis only usedto makesurethatwegetdifferentlevelsof collaboration
andinteractionin bothVEs.

The following sectiondescribespresenceandimmersionin virtual environments.Section3
providessomeinformationon how to measurethe senseof presencein a virtual environment.
Section4 describestheactualexperimentwe haveperformed,whichteststhehypothesisthatcol-
laborationandinteractionin a CVE enhancesco-presence.Section5 shows theresultsobtained,
andpresentsa discussionof thoseresults. Finally Section6 presentsdirectionsfor futurework
andconclusions.

2 Presenceand Immersion

Slateret al [4, 8] de�ne presenceas“a stateof consciousness,the(psychological)senseof being
in the virtual environment”. Slateret al [9] classify presenceinto personalpresenceand co-
presence. Personalpresencerelatesto the subjective feeling of “being there” yourself, in the
virtual environment,leadingto a senseof “placesvisited, ratherthanimagesseen”[4, 8]. Co-
presencehastwo aspects:thatof feelingthattheotherparticipantsin theVE actuallyexist andare
really presentin theenvironment,andthatof feelingpartof a groupandprocess.Slaterel al [4]
alsomentionthatwhile experiencingahighsenseof presence,thebehaviour of participantsin the
VE shouldbeconsistentwith the behaviour thatwould have occurredin everydayreality under
similarconditions.This is animportantfactorwhichcanbeusedto measurepresencein VEs.

Immersionis de�ned by Slateret al [8, 10] to meantheextent to which thesystemdelivers
a surroundingenvironment,which blocksout externalsensorydata,which generatesa varietyof
sensoryinformation,andthe extentof therichnessof thatsensoryinformation. In otherwords,
Slateret al de�ne immersionasanobjectivedescriptionof theVE technology.

Witmer and Singerde�ne presenceas “the subjective experienceof being in one placeor
environment,evenwhenoneis physicallysituatedin another”[7]. Whenappliedto virtual en-
vironments,this de�nition meansthat presencerefersto experiencingthe computer-generated
environmentratherthanthe actualphysicallocation. Witmer andSinger[7] indicatethat pres-
encein a virtual environmentdependson one's attentionshifting from the real environmentto
thevirtual environment,andthatpresencedependsonbothinvolvementandimmersion. They de-
�ne involvementas“a psychologicalstateexperiencedasaconsequenceof focusingone'senergy
andattentionon a coherentsetof stimuli or meaningfullyrelatedactivities andevents” [7], and
indicatethatasparticipantsbecomemoreinvolvedin theVE theirsenseof presenceincreases.Im-
mersionis de�ned as“a psychologicalstatecharacterizedby perceiving oneselfto beenveloped
by, includedin, andinteractingwith anenvironmentthatprovidesa continuousstreamof stimuli
andexperiences”[7]. They indicatethat a VE that producesa greatersenseof immersionwill
producehigherlevelsof presence.

Presencein CVEshasbeenlinked to knowledgetransfer, whereskills or knowledgegained
in a virtual environmentcanbesuccessfullytransferredto therealworld [8], aswell aspossible
enhancementof learningandperformance[7]. Wepostulatethat“presence”canthereforebeused
asa measureof how effective avirtual environmentis.
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3 Measuring Presence

Oneof themajorissueswhendealingwith presencein avirtual environmentis how to measureit.
HeldandDurlach[11], andSheridan[12] notethatwedon't haveaworkingmeasureof presence.
Suggestedapproachesinclude:

1. User reportedsenseof presence:This involves inquiring the usersabout their senseof
presence.Theproblemwith thisapproachis thatinquiring thestateof theusermaychange
thatstate.

2. Observationof userbehaviours: This involvesobservingthebehaviour of the participants
in therealworld, reactingto differentstimuli in thevirtual environment.

3. Taskperformancein therealandvirtual environment:This assumesthatif a userperforms
a taskin thevirtual environmentasef�ciently andin thesamemannerasin therealworld
thenthey mustbepresentin theVE.

Sincepresenceis a subjective experience,the simplestway to measureit is to makeuseof
questionnaires.In fact the vastmajority of presenceexperimentsmeasurepresenceusingques-
tionnairesandarethereforemeasuringsubjectivepresence[4, 8, 5, 7].

Slateret al [4, 8, 5] have developeda questionnaire-basedmeasureof subjective personal
presencebasedon threemainattributes:

1. Thesenseof “being there”in thevirtual environmentascomparedto beingin aplacein the
realworld.

2. Theextentto which thereweretimeswhenthevirtual environmentbecamethereality. i.e.,
theextentthatthesubjectforgot thathe/shewasstandingonthelab.

3. Theextent to which theparticipant'smemoryof thevirtual environmentis similar to their
normalmemoryof aplace.

Whenit comesto measuresubjectiveco-presence(i.e., thefeelingof presenceof othersin the
VE), onecanuseasimilarsetof attributesasfor personalpresenceabove. Slateretal [9] indicate
that thesimplesttypesof questionsthatcanbeusedto measuresubjectiveco-presenceareof the
form:

� To whatextentdid youhave a sensethatyouwerein thesameplaceas[persony] ?

� To whatextenddid youhaveasensethat[persony] wasin thesameplaceasyouduringthe
courseof theexperiment.

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

� To whatextentdid youhave a senseof being“part of thegroup”?

WitmerandSinger[7] havedevelopedapresencequestionnairebasedon: thefactorsbelieved
tounderliepresence,environmentalfactorsthatencourageinvolvementandenableimmersion,and
internaltendenciesto becomeinvolved. Thesefactorsaresubjectively de�ned, andthequestions
in thequestionnaireelicit theopinionsof theexperimentalsubjectsaboutthesematters.
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4 Small Group Collaboration Experiment

This experimentis usedto investigatecollaborationandinteractionbetweena small groupof 3
usersin a CVE, andtheeffectsthatcollaborationandinteractionhason co-presencein theCVE.
The speci�c aim of this experimentis to testwhetherco-presenceis increasedby collaborating
andinteractingwith otherparticipantsin theCVE.

4.1 Presenceand Collaboration: Hypotheses

Thenotionof having somesortof virtual representations(or avatars
�

) of participantsin acollab-
orativevirtual environmentis very importantto createasenseof presence,especiallyco-presence
[13, 14,9, 15, 6, 16].

In thisexperiment,we investigatethefollowing hypotheses:

� Thenotion of a virtual body is crucial to createa senseof co-presence.A participantre-
quiresinformationsuchaslocation(positionandorientationof others),identity (who the
avatar represents),availability (conveying somesenseof how busy and/orinterruptiblea
participantis), andaction(whatactionis a participantdoing)to establishandmaintainthe
presenceof otherparticipantsin theVE.

� Groupcollaborationandinteractionwith otherparticipantsin theenvironmentshouldin�u-
enceco-presence.It is believedthatsimply having a visualrepresentationof otherusersin
theenvironmentis notsuf�cient to createahigh senseof co-presence.Having thepossibil-
ity to collaborateandinteractwith otherparticipantsin thesharedenvironmentshouldvery
muchincreasethesenseof co-presence.

� Personalpresenceandco-presencecouldbepositively correlated.Slaterel al [9] postulate
thatpersonalpresenceis aprerequisitefor co-presence.It wouldbeusefulto know whether
thesetwo typesof presenceareassociated.

In orderto addresstheseissues,we usetwo collaborativevirtual environments(named̀ high-
collaborationVE' and`low-collaborationVE'). BothVEsareidenticalandonly thetaskdiffers.In
thehigh-collaborationVE, participantscancommunicateandinteractwith oneanother, andhave
to collaborateto solve thegiventask.In thelow-collaborationVE, participantscancommunicate
with oneanotherbut don't needto collaborateto solve theproblem.

4.2 Collaborative Virtual Envir onmentPrototype

The CVE is implementedusingthe DIVE (DistributedInteractive Virtual Environment)system
[17]. DIVE is a toolkit for thedevelopmentof multi-userdistributedvirtual environment,devel-
opedat theSwedishInstituteof Computerscience(SICS)[18].

TheVE consistsof a setof roomswhich createsa simplemaze(seeFigure1). Participants
areableto move theiravatararoundtheroomsusingthearrow keys,andmove theiravatar'shead
usingthemouse.They areableto pick up objectsin theVE by clicking on them,whichattaches
theobjectto their avatar. They arethereforeableto move theobjectby moving themselves,and
thenreleasetheobjectby clicking onit again.Participantscancommunicatewith eachotherusing
anaudiochannel.

�

Thewordavataroriginatesfrom Hindumythologyandmeanstheincarnationof aspirit in anearthlyform
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Figure1: Thehigh-collaborationVE, consistingof a setof roomsforminga maze.In theleft picture,the
Blue participantis looking at theRedandGreenparticipants.In theright picture,theRedparticipanthas
pickedup theredpyramid,andcannow move aroundanddroptheshapein theappropriateroom.

In this experiment,all the participantshave an identicalavatar, consistingof a 'T' shaped
block avatarcalled`Blockie' (Blockie is thedefaultavatarusedby theDIVE system).Theonly
differencebetweentheparticipant'savatarsis theircolourbeingred,greenor blue(seeFigure1).
TheavatarswherelabeledRed,GreenandBlue,andparticipantscalledeachotherby thesenames
duringtheexperiment.

4.3 Experimental Task

Thetaskconsistedof moving differentgeometricalshapes(pyramids,cubes,rectangles)into spec-
i�ed rooms.Therewere3 roomswhichhadlabelsto indicatewhich shapeshadto bebroughtto
which room.

In thehigh-collaborationVE, eachparticipanthasanavatarof a givencolour (red,greenor
blue),andtheshapesarealsored,greenor bluein colour. All theshapesarelockedby padlocks
(referto Figure1) andparticipantscannotpick up lockedshapes.Thepadlocksarealsocoloured
red,greenor blue. In addition,only theparticipantwith thesamecolourastheshapecanpick up
thatshape,andonly theparticipantwith thesamecolourasthepadlockcanunlockthatpadlock.
Therefore,picking up a redshapelockedwith a bluepadlockinvolveshaving the RedandBlue
participantswithin a closerangeof the shape,andhaving the Blue participantunlock the blue
padlockby clicking on it. Clicking on thepadlockcausesit to openfor 6 seconds,afterwhich it
automaticallylocks itself. During those6 seconds,theRedparticipantcanpick up theshapeby
clicking on it. Theshapegetsattachedto theRedavatar, andhe/shecanmove aroundthevirtual
environmentanddrop theshapein theappropriateroom. We chosethis taskbecauseit requires
observationandtalking,andcanonly besolvedby collaborationsincetwo participantsareneeded
to pick upa shape.

In the low-collaborationVE, the taskis basicallythesameexceptthat thereareno padlocks
locking theshapes.Therefore,agivenshapecanbepickedupby theuserhaving thesamecolour
astheshape,without needingthehelpof anotherparticipant.This meansthatparticipantsdon't
needto collaborateto move the shapesaround,andso this taskcanbe completedwithout any
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collaboration.Thelow-collaborationVE wasusedasthecontrolexperiment.
Sincetheparticipantscannotseetheirown avatar, asmallsquarewith thesamecolourastheir

avataris displayedon the upper-left cornerof the displayto indicatewhich colour is associated
with theuser, andhencewhichobjectshe/shecanpick up.

4.4 Experimental Procedure

Theexperimentinvolved30participants,dividedinto 10groupsof 3 userseach.Participantswere
recruitedfrom the UCT campus,andwhereapproximatelythe sameage. On completionof the
experiment,eachparticipantswaspayedR20.

The�rst 4 groups(12 participants)wereassignedto the low-collaborationVE, andthenext
6 groups(18 participants)to thehigh collaborationVE. Noneof theparticipantsknew that there
weretwo differentVEs.

Beforestartingtheexperiment,eachparticipantwasintroducedto thesystem.This involved
learninghow to move throughtheenvironmentandhow to pick up objectsin thevirtual environ-
ment. Oncethey wherefamiliar with the interface,eachparticipantreadtheexperimentinstruc-
tionsdescribingthetask.In orderto makesurethatthetaskwasfully understood,theexperimenter
explainedthetaskto eachparticipant,answeringany questionsthey hadaboutthetask.

Participantsin agroupdid notmeeteachotherin reallife. Thiswasaccomplishedby situating
theworkstationsin differentrooms.Participantsmeetfor the�rst time in theVE, andcalledeach
otherby their avatarcolour. Participantswereusingearphonesfor audiocommunicationwhich
blockedoutextraneoussounds.

Thetaskwas25 minuteslong,but thiswasnotmentionedto theparticipantsasknowledgeof
time limit might affect taskperformance.Oncethetime wasup,theparticipantswhereinstructed
to stop.After that,eachparticipantwasrequiredto �ll in 3 questionnaires:theImmersiveTenden-
ciesQuestionnaire(ITQ), thepresenceandco-presencequestionnaire(PQ),andthecollaboration
questionnaire(CQ).Thesequestionnairesaredescribedin moredetailsin Section4.5.

4.5 Measuring Presenceand Group Collaboration

In this experiment,we measuresubjective reportedlevels of personalpresenceandco-presence
usingquestionnaires.Thepersonalpresencequestionnaireis basedon thequestionnairesdevel-
opedby Slateret al [4, 5]. Thequestionnaireelaborateson thethreeattributesproposedby Slater
etal (describedin Section3) to measurepersonalpresence.To measureco-presence,wehave de-
velopeda co-presencequestionnairewhich usesquestionssimilar to theonesproposedby Slater
el al in [9], whichareshown in Section3. Thepresencequestionnairehasbeenusedandvalidated
by Slateret al in many experiments[4, 8, 5]. Our co-presencequestionnairestill needsto beval-
idatedby performingotherexperiments.Nevertheless,basedon theobtainedresults,we believe
thatit producesavalid measureof co-presencein theCVE.

TheImmersive TendenciesQuestionnaire(ITQ) developedby Witmer andSinger[7] is used
to measuredifferencesin the tendenciesof individualsto becomeimmersed.The itemsin this
questionnairemainly measureinvolvementin commonactivities. Sinceincreasedinvolvement
can result in more immersion,we expect individualswho tend to becomemore involved will
alsohave greaterimmersive tendencies.We usethis questionnaireto makesurethat thereis no
differencein immervisetendenciesbetweentheparticipantsof the low-collaborationVE andthe
high-collaborationVE. We alsousethis questionnaireto try andreplicateWitmer andSinger's
resultswith regardto thecorrelationbetweentheITQ andpresencescores.
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We measuresubjectively ratedcollaborationby makinguseof a post-experimentquestion-
naire. This collaborationquestionnaire(CQ) is usedto makesurethat the two VEs (i.e., the
low-collaborationVE andthe high-collaborationVE) produceddifferentlevels of collaboration
andinteraction.Thecollaborationquestionnaireis basedon thework doneby Trompel al [6]. It
assessesthe degreeof enjoyment,the desirefor the groupto form again,the degreeof comfort
with individualmembers,andtheperceivedcollaborationof thegroupandof theothermembers
of the group. Our collaborationquestionnaireis validatedby the fact that it pickedup quite a
differencein collaborationbetweenthehigh-collaborationVE andthelow-collaborationVE.

4.6 Equipment

In thisexperiment,weused̀ desktop'virtual environments,meaningthatnoimmersiveequipment
wasused.Movementsthroughthe virtual environmentwasaccomplishedusingthearrow keys.
Objectsin thevirtual environmentcouldbepickedup anddroppedby clicking on themwith the
mouse.Participantsusedheadphonesandmicrophonesfor audiocommunication.

TheredparticipantusedanSGIOnyx RealityEngine2with four200-MHZR4400,128Mbytes
of RAM, and21inchscreen.Theblueparticipant,anSGIO2with a175-MHZR10000processor,
128Mbytesof RAM, and21 inchscreen.ThegreenparticipantusedanSGIO2with a195-MHZ
R10000processor, 256Mbytesof RAM, and17 inchscreen.

5 Analysisof Results

In thissection,we describetheresultsobtainedin theexperiment.We �rstly presentthedifferent
variablesmeasuredandthehypothesesonthosevariable,followedby asummaryandadiscussion
of theobtainedresults.

5.1 Variablesand Hypotheses

Usingthequestionnairesmentionedin Section4.5,wemeasuredthefollowing variables:
� The presencescoreP: measuresthesenseof personalpresence.

� The co-presencescoreCO-P: measuresthesenseof co-presence.

� The collaboration score COLL : measuresthe degreeof groupcollaborationand group
accord.

� The immersive tendenciesscore IT : measuresthe tendenciesof individualsto become
immersed.

The hypothesesfor the above variablesare: We expect COLL to be higher in the high-
collaborationVE, thanin the low-collaborationVE. This will show that therewasindeeda dif-
ferencein collaborationbetweenthe two virtual environments.We expectCO-Pbe to higherin
thehigh-collaborationVE thanin thelow collaborationVE. Thiswill supportourhypothesesthat
interactionandcollaborationenhancesco-presencein a CVE. Witmerandsinger[7] indicatethat
theIT score(asmeasuredby their immersive tendenciesquestionnaire)predictthepresencescore
(asmeasuredby theirpresencequestionnaire).It is importantto checkif this correlationis repli-
catedis this experiment,which usesa differentpresencequestionnaire.Finally, it is important
to checkif thereis a relationshipbetweenP andCO-Pscores.Trompet al [6] indicatethat they
founda positivecorrelationbetweenthepersonalpresenceandco-presencescoresin oneof their
experiments.

7



5.2 Summary of Results

In orderto checkif samplingerrorsoccurredduringtheexperiment,wecomparedthePscoresand
theCO-Pscoreswithin thesameconditions(i.e., in thelow-collaborationVE andthenin thehigh-
collaborationVE). For eachVE, a one-wayAnalysisof Variance(ANOVA)

�

on groupnumber
andPscorewasperformed.Wefoundnosigni�cant differencein eitherVE at the0.05con�dence
level (

�������	��

�������������������������

for thelow-collaborationVE;
������������
�� �!�#"%$����������������

for
thehigh-collaborationVE). For eachVE, a one-wayANOVA on groupnumberandCO-Pscore
wasalsoperformed.Again,wefoundnosigni�cant differencein eitherVE at the0.05con�dence
level (

�������	��

��������$����������������

for thelow-collaborationVE;
������������
�������&��'"(�������������

for
thehigh-collaborationVE). This indicatesthat therewereno signi�cant samplingerrorswith the
P andCO-Pscores.

In orderto checkif differentequipmentplayeda role in the results,we performedfor each
VE anANOVA oncolourandPscore.We foundnosigni�cant differencein eitherVE at the0.05
con�dencelevel (

�������	&�
)�������%�'�����*�+�������

for thelow-collaborationVE;
�����,������
)�����-�������.�*�

�������

for thehigh-collaborationVE). Also, we performedanANOVA on colourandCO-Pscore
for eachVE. Again,we foundno signi�cant differencein eitherVE at the0.05con�dencelevel,
with

�������	&�
/�0"(�������.�1�2�������

for the low-collaborationVE and
�������3����
4�5�!������$,���6�2�,�����

in thehigh-collaborationVE. This shows that thedifferentequipmentdid not leadto signi�cant
differencesin P andCO-Pscores.

In orderto checkthat bothVEs produceda differentlevel of collaboration,we performeda
one-wayANOVA to checkthedifferencein COLL scorebetweenthe low-collaborationVE and
thehigh-collaborationVE. We foundthat,asexpected,therewasa very largedifferencein COLL
scorebetweenboth VEs, with

���7�!�	����
8�9�:"!�������������<;=�������%�

. This shows that participants
felt that they collaboratedquite a lot in the high-collaborationVE, and not at all in the low-
collaborationVE.

Wethencomparedthedifferencein thePscoresbetweenthelow andhigh-collaborationVEs.
This wasdoneusinga one-wayANOVA, andwe foundthat therewasa signi�cant differenceat
the0.05con�dencelevel, with

���7�!�	����
>�����,���������.�?;��,�����

. This indicatesthatparticipantshad
a higherP scoreon thehigh-collaborationVE.

We alsocomparedthe CO-Pscoresbetweenthe low andhigh-collaborationVEs. This was
achievedby doinga one-wayANOVA on CO-Pscoresfor bothVEs. We foundthat therewasa
very signi�cant difference,having

���7�%�@����
A�B�����C�%��$��.�D;��������E�

. This differenceindicatesthat
participantsin the high-collaborationVE hada greatersenseof co-presencethanparticipantsin
thelow-collaborationVE.

A correlationanalysiswasperformedontheP, CO-P, andIT variablesin eachVE, to checkif
thereweresigni�cant relationshipsbetweenthem.We performedtwo-sidedtestsin boththe low
andhighcollaborationVE, andweobtainedthefollowing results:

Low-collaborationVE:

� Correlation betweenP and IT scores: F

������������$

and G

���,��$��%��$

. At asigni�cancelevel
of 0.05,with H

�I���

and10degreesof freedomwe get G

�<���C�����

, andacritical valueof r
(rcrit) equalto 0.5759.This indicatesthatPandIT weresigni�cantly correlated.

� Correlation betweenCO-P and IT scores: F

�<���J"!$����

and G

�K�!������$��

. At a signi�cance
level of 0.05,with H

�I���

and10degreesof freedomweget G

���,�������

, andacritical value
of r (rcrit) equalto 0.5759.We canseethat theCO-PandIT scoreswerenot signi�cantly
correlated.

L

An introductorybookto statisticalanalysisusedwas“Statistics”by W. L. Hays[19]
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� Correlation betweenP and CO-P scores: F

���,�#"!&%��&

and G

� �!��$������

. At a signi�cance
level of 0.05,with H

�I���

and10degreesof freedomweget G

���,�������

, andacritical value
of r (rcrit) equalto 0.5759.Here,thePandCO-Pscoreswerenotsigni�cantly correlated.

High-collaborationVE:

� Correlation betweenP and IT scores: F

��������$��'"

and G

���,�����%��$

. At asigni�cancelevel
of 0.05,with H

� �'�

and16 degreesof freedomwe get G

����� �'�

, anda critical valueof r
(rcrit) equalto 0.4682.We canseethattheP andIT scoresweresigni�cantly correlated.

� Correlation betweenCO-P and IT scores: F

�2����������$

and G

�

. At a signi�cancelevel
of 0.05,with H

� ���

and16 degreesof freedomwe get G

� �,� ���

, anda critical valueof
r (rcrit) equalto 0.4682. We canseethat the CO-Pand IT scoreswerenot signi�cantly
correlated.

� Correlation betweenP and CO-P scores: F

� �,���'"���&����

and G

� �!�J"!����$%�

. At a signi�-
cancelevel of 0.05,with H

�I���

and16degreesof freedomweget G

����� �'�

, andacritical
valueof r (rcrit) equalto 0.4682.ThePandCO-Pscoreswerenotsigni�cantly correlated.

5.3 Discussion

Theresultsshow thattherewasavery largedifferencein thecollaborationscore(COLL) between
the low andhigh-collaborationVEs. This indicatesthat we succeededin our goal of creatinga
largedifferencein collaborationbetweenthetwo virtual environments.

In the analysisof the co-presencescore,we found that therewasa very large differencein
co-presencebetweenthe two conditions. The co-presencescorewasmuchhigher in the high-
collaborationVE whencomparedto thelow-collaborationVE. Thissupportsour hypothesesthat
justhaving virtual representationsof othersis not suf�cient to createahigh senseof co-presence,
andthatoneneedscollaborationandinteractionin orderto enhanceco-presencein aCVE.

When looking at the presencescores,we found that the presencescore(P) was higher in
thehigh-collaborationVE thanin the low-collaborationVE. This is an interestingresultsinceit
indicatesthatcollaborationandinteractionwith otherparticipantsaffectspersonalpresence.This
might be explainedby the fact that sincethe high-collaborationtaskwasmore challenging,it
requiredthe participantto be moreinvolved in the experienceandhenceenhancesthe senseof
personalpresence.

WitmerandSinger[7] indicatethattheir Immersive TendenciesQuestionnaire(ITQ) predicts
thelevel of presencerecordedwith theirpresencequestionnairein aVE. Sincewehaveusedadif-
ferentpresencequestionnairebasedon thequestionnairedevelopedby Slateretal, it is important
to checkif we canreplicateWitmer andSinger's results.We foundthatin boththelow andhigh-
collaborationVEs, thepresencescoreandthe IT scorewerepositively correlated.This supports
Witmer andSinger's resultsindicatingthat the immersive tendenciesscoresactasa predictorof
thepresencescore.This is an interestingresultsincein anotherexperimentwe conducted[] we
failed to replicateWitmer andSinger's resultsusingtheir presencequestionnaire(PQ) andtheir
ITQ. This might indicatethatWitmer andSinger's PQ/ITQcorrelation(usingtheir PQandITQ)
seemsto hold only undercertainconditions,which areunclear. On theotherhand,we foundno
correlationbetweentheCO-PscoreandtheIT scorein any of thetwo conditions.This indicates
thattheimmersive tendenciesdonotpredicttheco-presencefelt by participants.

Whenwecomparedthepresenceanco-presencescores,wefoundthattherewasnocorrelation
betweenpresenceandco-presencein any of the two conditions.We thereforefailed to replicate
theresultsfoundby Trompetal in oneof theirexperiments[6].
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6 Conclusion

We found that therewasa large differencein the co-presencescoresbetweenthe low andhigh
collaborationVEs, indicating that participantsin the high-collaborationVE hada much larger
senseof co-presencethanparticipantin the low-collaborationVE. This supportsour hypotheses
that just having virtual representationsof othersis not suf�cient to createa high senseof co-
presence,andthat oneneedscollaborationandinteractionin orderto enhanceco-presencein a
CVE.

Our resultssuggestthatcontraryto whatTromp et al [6] found in oneof their experiments,
the senseof personalpresenceandco-presencewerenot positively correlatedin any of the two
conditions.Thisdoesnotindicatethatthereisnorelationshipbetweenthesetwo typesof presence,
but thatmoreresearchneedsto bedonein this areain orderto con�rm if thereis a relationship
betweenthesenseof personalpresenceandco-presencein aCVE. Theexistenceof a relationship
betweenpersonalpresenceandco-presenceis importantsinceit couldmeanthattherearecommon
factorswhich in�uencesboth,or becausethey in�uenceoneanother. Slateretal [9] postulatethat
personalpresenceis a prerequisitefor co-presence.

We have usedWitmer andSinger's Immersive TendenciesQuestionnaire(ITQ) [7] to try and
replicatetheir resultsindicatingthat the immersive tendenciesscorepredictsthepresencescore.
We managedto replicatetheir resultusingadifferentpresencequestionnaire.
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