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ABSTRACT

Thisstudyaimstoanalyzetheeffectsofusingon-screenandpapermapsonnavigationefficiency
in3DMUVEs.Therewere48participantsinthestudy,whichhasarandomizedtrueexperimental
design.Theresearchersadministeredademographicsquestionnaireandthespatialvisualizationtest
totheparticipantsandformedthreegroupsbycheckingavarietyofindependentvariables,theOn-
ScreenMap(OSM)group,thePaperMap(PM)group,andtheCoordinateSystem(CS)group,which
didnotuseanykindofmap.Theparticipantscompletedthreetaskswithincreasingdifficultylevels.
Therewasastatisticallysignificantdifferencebetweenthemethodsforthecompletiontimesofthe
firsttaskandaggregatetasks.ThisdifferencewasbetweenCSandPMaswellasbetweenCSand
OSM.ParticipantsgotconfusedandlostthemostintheCSgroupandtheleastintheOSMgroup.
TheCSgrouptooklongertocompletethetasksandgotlostmorefrequently.Navigationalaidsthat
includedvisualtipsabouttheenvironmentincreasedthenavigationefficiencyoftheparticipants
usingtheMUVE.
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INTRODUCTION

WiththewidespreaduseoftheInternet,socialnetworks,andthree-dimensionalmulti-uservirtual
environments(3DMUVEs)ineveryfield,interestin2Dand3Dgraphicshasincreased.Thetransferof
ourlivingenvironmenttotheInternetbyuseofrichandrealisticgraphicshasresultedintheemergence
ofnewconceptssuchassimulations,virtualreality,andvirtualworlds.Sincetheworldweliveinis
three-dimensional,itismoreintuitivetousethree-dimensionalfeatureswhencreatingvirtualrealities
inthecomputerenvironment.Sincethedesignscreatedwiththeuseofthree-dimensionalartifacts
areclosertoreality,theyattractmoreattentionthanwebsitesincludingtwo-dimensionalimagesand
animationsmadeoftexts,pictures,andvectorgraphics.Designerscanpresentvisualizationsthat
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areclosertorealitythankstothree-dimensionaltechnology.Thesevisualizationsareusedinmany
differentfieldssuchasbusiness,education,art,anddesign(Uğur,2002).

AMUVEcanprovideexploration,interaction,andimmersionaffordanceswhenusersnavigate
anddoactivities inavirtualenvironmentandcommunicateamong themselvesat thesame time
(Tüzün&Özdinç,2016).MUVEs,inparticular,canbeusedtorevealtheeffectofnavigationon
spatial perception. In these environments, individuals cannavigate like theydo in real lifewith
thehelpof theavatars that represent them.These three-dimensionalenvironments includemany
contextsorplaceswhereuserscannavigateandcommunicatewitheachother.However,itbecomes
moredifficultforuserstonavigateastheenvironmentbecomesmorecomplicatedandthenumber
ofcontextsincreases(Ballegooij&Eliens,2001).Besides,itmaybecomemoredifficultforusers
torecognizethecontextandthepeoplearoundthemiftheyseeacontextinthevirtualenvironment
forthefirsttimewithoutseeingitinrealitybeforehand.Toaddressthesedifficulties,theinfluence
ofnavigationalaidsonnavigationefficiencyin3DMUVEsisworthstudying.

RELEVANT LITERATURE AND THEORETICAL FRAMEwORK

3DMUVEscombinetextualandaudiotransfertechnologiesandenablenavigationinrealistic
three-dimensionalvirtualworlds.Theoriginofthiskindofenvironmentisthetext-basedand
multi-usergamessuchasSpaceWar,whichwasapopulargameintheUNIXoperatingsystem
(Tüzün,2010).Formanyyears,virtualenvironmentshavebeenassignedmanynamessuchas
Multi-UserDungeon(MUD),Object-OrientedMUD(MOO),MassivelyMultiplayerOnline
Role-PlayingGame(MMORPG)andMulti-UserVirtualEnvironment(Mayrath,Traphagan,
Jarmon,Trivedi,&Resta,2010).

MUVEshavereal-timeandopenworld features.Thesefeaturesmake themcloser to reality
(Fırat,2008).Althoughmanymulti-usergamesalsohavereal-timefeature,playersneedtoperform
certainoperations and tasks tomakeprogress in theseenvironments.However,MUVEsusually
do not include planned tasks. When users enter the environment, their experiences are random.
AnotheraspectofMUVEsisthattheyareavailableforcreatingenvironmentswithdifferentlevels
ofcomplexity,makingmeasurementsduringinteractivenavigationandcheckingthespatiallearning
parameters(Peruch,Belingard,&Thinus-Blanc,2000).NavigationinMUVEsreferstoreachinga
desiredobjectorlocationbymovingintheseenvironments(Raees,Ullah&Rahman,2019).Virtual
environmentnavigationallowsuserstocontroltheirpositionandorientationofthevirtualcamera
whichtheyseethevirtualworld(Galyean,1995)andtomovearound,manipulateandinteractwith
virtualobjectspossible(Gesztenetal.,2018).

Whennavigatinginanewenvironment,amentalimageoftheplaceiscreatedinthesubconscious.
Thisimageiscalledacognitivemap,anditisstoredinthehippocampusofthebrain.However,the
imageinthehippocampusisnotthesameineveryperson’sbrain.Somepeopleveryrapidlycreate
spatialknowledgeaboutplacestheyseeforthefirsttimeandcreatemapsoftheseplacesintheir
mindswithoutanydifficulties.Othersfinditdifficulttodoso(Çubukçu&Çubukçu,2006;Green
&Bavelier,2003).Lynch (1960)andGolledge (1999)describewayfindingascreatingamental
imageofthephysicalworldintheprocessoffollowingaroadorpathandmakingdecisionsbased
onthisimage.Intheprocessofwayfinding,peoplecreatecognitivemapsusingthreedifferenttypes
ofspatialknowledge,whichare:1)landmarks,2)proceduralknowledge,and3)surveyknowledge
(Bowmanetal.,2004).Thesecognitivemapshelppeopleduringtheirnavigation.

AccordingtothewayfindingmodelbyChen,Chang,andChang(2009),peopleneedtocollect
spatialknowledgewiththehelpoftheirsenses,combineitwiththeirexistingknowledge,andcreate
cognitivemapstounderstandtheenvironmentoftheirnavigationtask.Thedecision-makingprocess
dependsonthecreationofcognitivemapsof individualmovementsandstructuresfor theentire
wayfindingplan.Movementtoaspecificdestinationistheresultofaplanthatincludesapredetermined
pathandaccurateinformationaboutthemovements.Theplanprovidesfeedbacktothememoryas
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spatialknowledge.Duringnavigation,thedecisionsaretransformedintophysicalmovements.Physical
movementsrequiretheimplementationofthedecisionormovementinthedecidedpath,thatis,the
navigation.Duringtheirmovements,usersproceedintheplanneddirectionwiththehelpofthestimuli
intheenvironment.Inthewayfindingprocess,usersmakenewwayfindingdecisionswhilecreating
cognitivemapstoreachagoalwhentheymakeadecision,theplaniscompleted,ortheplanorthe
decisiongoeswrong.Then,theyre-createthedecision-makingprocess.Intheseprocesses,themost
importantfactorsthatinfluencewayfindingefficiencyareexperience,searchingmethods,differences
inabilities,motivation,navigationalaids,environmentalarrangement,andstructure.Withoutthese
factors,anypersoncanbedisorientedatonetimeoranother.Disorientationisanuncomfortableand
unsettlingfeelingtobeunfamiliarwithaperson’sproximalcontextandunabletodeterminehow
tocompensatethesituation.Thegoalofnavigationresearchinvirtualenvironmentsistocreatea
situationwhereeveryoneisorientedproperlyallthetimeandknowswheretheyareandhowtoget
there(Darken&Peterson,2015).

3DMUVEsallowtheuseofeitherfirst-personperspective(egocentricframeofreference)or
third-personperspective(allocentricframeofreference)fornavigation(Tüzün&Özdinç,2016;Chen
&Chen,2019).Considering3DMUVEs,thedesignofefficientnavigationisaproblembecause
users’viewpointcannotencompasstheentireenvironment.Thisproblemcausesdisorientationand
baduserperceptionofthevirtualworlds’usability.Ifuserscannotfindtheirwaytoadestination
calledlosingway,theycannotusethevirtualworldforitsdesiredpurpose(Minocha&Hardy,2016).
Intherelevantliterature,therearemanydifferenttermsusedtodescribelosingway,suchasbeing
lost,gettinglost,lostnessanddisorientation.Karadeniz(2006)usestheterm“lostness”todescribe
users’ stateofbeing lost, and the term“disorientation” todescribeageneral situation including
users’failuretoorientthemselvesintheenvironment.AccordingtoDudchenko(2010),gettinglost
ordisorientationmeansaperson’sfailuretofindtheirway.Lynch(1960)statedthatgettinglostwas
veryunlikelywhenanenvironmentincludesmaps,streetnumbers,andpathsymbolsandpeopleare
supportedbyspecialdevices.Karadeniz(2006)describesgettinglostinamultimediaenvironment
asusers’notknowingwheretheyare,howtheyhavecometoaplace,andhowtogotoanotherplace.
Inotherwords,usersareunabletoanswerthequestions:“WhereamI?”“HowdidIgethere?”and
“WherewillIgo?”Dudchenko(2010)reportedthatusersgetlost:1)whentheyhavenofamiliarusers
aroundthem,2)whentherearenosymbolstohelpthemdecidewhichwaytogo,and3)whenthey
cannotreorientthemselvesbyreconstructingtheirpreviousexperiences.Inthisstudy,theresearchers
definetheterm“gettinglost”asstrayingfromtheidealpath.

Altan (2011)andRiis (2016)determined thatgetting lost inMUVEs is an important issue.
UsersnavigatinginMUVEs,particularlyforthefirsttime,failtofollowtheidealpathsandgetlost.
Preventingusersfromgettinglostandsupportingthemwithdifferentnavigationalaidsisimportant
forusers(Akçapınar,Altun,&Menteş,2012).Theseenvironmentsuseavarietyofnavigationalaidsto
facilitatetheirusers’navigation.Navigationalaidssuchasflying,spatialaudio,breadcrumbmarkers,
coordinatefeedback,districting,landmarks,gridnavigation,andmapview(Darken&Sibert,1993)
helppreventusersfromgettinglostandprovidevisualhintstousersabouttheidealpathtofollow.
Mapsareoneofthemostfamiliarmediatorsandpowerfultoolsfornavigationbecausetheyprovide
wealthyenvironmentalinformationtousers(Darken&Peterson,2015).Theyofferintuitivewaysto
extendthecapacitiesofthehumancognitivesystemsasexternalrepresentationsoftheenvironment
withlandmarks(McKenzie&Klippel,2016).

TaskcompletiontimesinvirtualenvironmentsarealsoanimportantaspectofMUVEs’usability.
Individualdifferencesbetweenusersalongwiththedesignandusabilityoftheaidsusedinvirtual
environmentsinfluencetheaccomplishmentoftasksandtaskcompletiontimes.Manystudiesof
MUVEshavefoundthatmalescompletedtasksmorequicklythanfemales(Astur,Ortiz,&Sutherland,
1998;Lövdenetal.,2007;Chen,Chang,&Chang,2009).Afewstudiesreportednodifferences
betweenusers’taskcompletiontimesbygender.Studiesoftheinfluenceofgenderonroute-learning
reportthatmalesarecapableofmeetingtherequiredcriteriawithfewererrorsanddifficultiesthan
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females,whilefemalesareabletorememberthelandmarksbetterthanmales(Galea&Kimura,1993;
Saucieretal.,2002;Tlaukaetal.,2007).Cutmoreetal.(2000)conductedastudyoftheinfluenceof
thefactorsofcognitionandgenderonthenavigationinvirtualenvironmentsandfoundthatmales
managedtofindtheexitwithlesseffort.Thesefindingsareconsistentwiththefindingsofthestudies
byMoffat,Hampson,andHatzipantelis(1998)andSandstrom,Kaufman,andHuettel(1998).The
resultsofthestudybyVila,Beccue,andAnandikar(2003)contrastwiththesestudiesandindicate
thattherewasnodifferencebetweennavigationdurationsbygender.Ross,Skelton,andMueller
(2006)reportedthatthedifferencebetweengendersinvirtualenvironmentswascorrelatedwiththe
characteristicsofthetaskassigned.

Inthelightofsuchinformation,thisstudyexaminestheeffectofmaps,anavigationalaidused
in3DMUVEs,onnavigationefficiency.Therefore,researchquestionsofthisstudyare:1)Isthere
anydifferencesamongtheuseoftheCoordinateSystem(CS)whichdoesnotuseanymaps,Paper
Map(PM)andOn-ScreenMap(OSM)in3DMUVEsintermsoftaskcompletiontimes?,and2)Is
thereanydifferencesamongtheuseofCS,PMandOSMin3DMUVEsintermsofusersgetting
lost?TherearecommercialgamessuchasAnarchyOnline,whichincludesinitsdistributionpackage
papermapsofitsworlds;therefore,itisworthwhiletostudytheeffectofpapermapsalongwith
on-screenmaps.

METHODOLOGy

Research Design
This study has a mixed design. The researchers used a true experimental design, a quantitative
researchmethod.Thestudyutilizedtrueexperimentalmatchedrandomdesigntobeabletomakethe
experimentalandcontrolgroupssimilar.Moreover,theresearchersusedobservation,aqualitative
datacollectiontool,toanalyzetheparticipants’progresswiththethreemethods.

3D Multi-User Virtual Environment
This study used an educational game called Quest Atlantis (QA). This game is based on the
ActiveWorlds(AW)MUVEinfrastructure.AWoffersreal-timeandthree-dimensionalcontent
with interaction (ActiveWorlds, 2015). Furthermore, AW has different pre-designed and used
environmentsforeducationalpurposes.Researchersthinkthatdesigninganewenvironmentcould
causedifferentusabilityproblemsthatwouldaffect theresearchresults.Therefore,anexisting
virtualworlddesigninQAonAWhasbeenusedinthestudy.AnotherreasonforselectingQAis
thatitcanbeeditedbyresearcherstodeterminetasks’coordinates.AllobjectsinAWarestored
inagridof10by10-metercells.Locationscorrespondtothelongitudeandlatitudecoordinates
thatareencounteredwithintheAW.Forexample,alocationlocatedat11S3Ewouldbelocated11
cellssouthand3cellseastofthe“groundzero”cell(i.e.,thecelllocatedat0N0W).Bydefault,
thecurrentlocationofauser’savatarisdisplayedontheAWbrowsertitlebar,andthisistheonly
navigationalaiduserscanusewhilenavigatingwithinthevirtualenvironment(Figure1).InQuest
Atlantis,anOSMnavigationalaidislocatedintheupperrightcorneroftheenvironment.Itallows
userstoseeboththeirlocationandabird’seyeviewofthevirtualenvironmentinreal-time(Figure
1).ThisOSMcanbeturnedoffbyusers.

Data Sources
Demographics Questionnaire
Thequestionnairehasthreesections:oneabouttheparticipant’sgender,yearofbirthandGrade
PointAverage(GPA),oneabouttheircomputerandInternetuseandoneabouttheiruseofMUVEs
andcomputergames.
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Spatial Visualization Test
ThistestwascreatedbyWinteretal.(1989)andtranslatedintoTurkishbyYıldız(2009).Thetest
includes15multiple-choicequestions,andeachquestionhasfiveoptions.Fivequestionsconcern
aerialviewsofisometricimagesofthestructuresmadewithcubes.Theotherquestionsareabout
viewsofcubesfromtheright,left,front,andbehind.Thehighestpossiblescoreonthetestis15,
andYıldız(2009)founditsreliabilitycoefficienttobe0.971.

Observation
Theresearchersobservedtheroutestakenbytheparticipantsandtheirdifficultieswhentheygotlost.

Participants
Theparticipantsofthisstudyincluded125InstructionalTechnologystudentsatalarge-scalepublic
universityintheEasternTurkey.Theresearchersconductedthisstudyinthiscontextbecausethe
studentswerefamiliarwiththesekindsofenvironmentssincetheircurriculumincludedtheuseof
OpenSim,a3DMUVE,fordesignpurposes.Basedondatacollectedfromtheparticipants,16of
themwereassignedtothepilottest,and48ofthemwereassignedtotheimplementation.

ThreeparticipantswiththesameyearofbirthandgenderwerematchedbysimilarGPAs,spatial
visualizationscores,yearsofplayinggames,weeklyhoursofplayinggames,andyearsofusingthe
computerandtheInternet.Asthecomputerskilloftheparticipantsandtheirage-relatedreactiontimes
wouldaffecttheresultsacrossgroups,itwasaimedthatparticipantswithsimilarcomputerskillsand
agesexistedinall3groups.Forthispurpose,theresearchersplannedtoinclude16participantsin
eachgroup(48participantsin3groups)duetologisticlimitations.Overall,twogroupsofthreemales
andtwogroupsofthreefemalesfromeachyearofbirthwerematched.Thedemographicdataforthe
participantsinthesematchedpairsarepresentedinTable1.Itwasnotpossibletomatchparticipants

Figure 1. View of the virtual environment
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withperfectlyidenticalfeaturesforallindependentvariables.Thus,theresearchersembracedthe
independentvariableswiththeclosestvalues.Participantsineachofthetrioswererandomlyassigned
tooneofthethreemethods(CS,PM,andOSM).One-fourthoftheparticipantswerebornin1990,
one-fourthwerebornin1991,one-fourthwerebornin1992,andone-fourthwerebornin1993.Half
oftheparticipantswerefemales,andtheotherhalfweremales.

Table 1. The distribution of groups according to the independent variables

Trios Participant
Year 

of 
birth

Gender Grade
Spatial 

visualization 
score

Years of 
playing 
games

Weekly 
hours of 
playing 
games

Years of 
computer 

use

Years of 
Internet 

use

Method 
Assigned

1
P32
P35
P58

1993 M
2.21
2.39
2.47

11
13
12

4
3
3

6
6
4

4
2
4

3
2
2

CS
PM
OSM

2
P40
P61
P52

1993 M
3.50
3.26
3.53

6
4
6

4
1
0

1
2
0

4
3
2

3
2
2

CS
PM
OSM

3
P47
P31
P62

1993 F
2.76
3.00
2.83

11
8
11

0
0
0

0
0
0

2
2
4

1
2
4

CS
PMOSM

4
P63
P54
P38

1993 F
3.10
3.26
3.35

4
2
4

3
0
2

5
0
1

2
2
2

1
2
1

CS
PM
OSM

5
P51
P93
P122

1992 M
2.25
2.35
2.36

3
5
4

3
2
2

2
4
6

3
1
1

3
2
1

CS
PM
OSM

6
P79
P65
P72

1992 M
2.92
2.62
2.98

8
7
7

1
2
4

6
1
3

2
2
4

2
1
3

CS
PM
OSM

7
P34
P76
P80

1992 F
2.88
2.90
2.79

3
4
4

3
2
2

6
1
2

3
2
2

2
2
2

CS
PMOSM

8
P87
P45
P69

1992 F
3.09
3.29
3.27

10
10
12

0
6
0

0
2
0

1
2
2

1
1
2

CS
PMOSM

9
P53
P29
P121

1991 M
2.38
2.62
2.70

6
4
4

0
4
0

0
2
0

3
4
1

3
4
1

CS
PM
OSM

10
P118
P100
P108

1991 M
3.11
3.44
3.51

6
5
4

0
3
1

0
1
2

2
3
2

2
3
2

CS
PM
OSM

11
P105
P109
P92

1991 F
2.80
2.96
2.75

10
8
10

0
0
0

0
0
0

3
2
1

2
2
1

CS
PMOSM

12
P64
P71
P124

1991 F
3.53
3.28
3.40

12
11
11

4
2
0

5
6
0

2
2
2

1
2
1

CS
PM
OSM

13
P88
P25
P125

1990 M
2.53
2.60
2.43

6
5
4

0
2
3

0
4
5

3
3
2

2
3
3

CS
PMOSM

14
P18
P82
P9

1990 M
3.04
3.10
3.11

11
11
9

0
2
2

0
1
1

3
2
2

3
2
2

CS
PM
OSM

15
P112
P23
P101

1990 F
2.70
2.98
3.00

8
9
7

0
0
0

0
0
0

2
2
4

2
2
2

CS
PM
OSM

16
P24
P4
P116

1990 F
3.67
3.79
3.81

6
10
6

0
0
0

0
0
0

2
3
3

2
2
2

CS
PM
OSM
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Procedures
For thepilot test and the implementation, the researchers usedone control group (CS) and two
experimentalgroups(PMandOSM).Thecontrolgroupdidnotuseanymaps,andtheparticipants
wereaskedtousethedefaultcoordinatesystem(CS)toperformthetasks(Figure1).Oneofthe
experimentalgroupswasaskedtousetheon-screenmap(OSM)(Figure1)toperformthetasks.The
otherexperimentalgroupwasaskedtousethepapermap(PM)withanaerialviewoftheenvironment,
whiletheOSMwasturnedoff.Bothmapsare2Dtop-downviewmapsandwereusedasnavigational
aidtofacilitateusers’navigation.Furthermore,theyprovidedvisualcuesabouttheenvironment.PM
waspresentedtousersasastaticmap,whileOSMshowedwheretheywere.Theresearchersgavean
orientationtexttotheparticipants.Thetextincludedinformationaboutthemethods,tasks,locations,
anddestinations.IntheTurkishculturalcontext,cardinaldirectionssuchasnorth,south,east,and
westarerarelyusedindailylifebyordinarycitizens,andrelativedirectionsareusedforreference.
Forthisreason,theorientationtextalsoincludedacompassrosetoremindtheparticipantsofthe
cardinalandinter-cardinaldirections.

Theparticipantswereassignedthreetasksforeachofwhichtheywererequiredtofindcrystal
artifactsplacedindifferentlocationsinthevirtualenvironment:“Yourcurrentcoordinatesare0,
0.Yourfirsttaskistofindthecrystalartifactat9N,5E,”“Yourcurrentcoordinatesare9N,5E.
Yoursecondtaskistofindthecrystalartifactat9N,10W,”“Yourcurrentcoordinatesare9N,10W.
Yourthirdtaskistofindthecrystalartifactat11S,3E.”Theparticipantswererequiredtogofrom
Oto1forthefirsttask,from1to2forthesecondtask,andfrom2to3forthethirdtask(Figure
2).Thetasksprogressivelybecamemorecomplicatedandlonger tocompleteas theparticipants
accomplishedthetasks.

Figure 2. Display of participants’ tasks in the virtual environment
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Sixteenparticipantstookpartinthepilottest.Afterwards,theresearchersheldinterviewswith
theparticipants,identifiedtheproblemswiththetasks,theorientationtext,andtheenvironment,and
fixedthem.Theresearchersdidnotusethedatafromthepilottestfortheanalyses.

After thepilot test, theimplementationtook12daystocomplete.Eachimplementationwas
completedwithasingleparticipant.Beforetheimplementation,theresearchersgavetheorientation
texttoaparticipantandtaskcompletiontimeswererecordedwithachronometer.Theresearchers
alsoobservedandtooknotesabouttheroutestakenbyaparticipant.Allparticipantscompletedall
thetasksintheimplementation.

Certaintechnicalarrangementsweremadetoensurethatthegroupsperformedthetasksinthe
AWenvironmentunderthesameconditions.Onlythearrowkeyscouldbeusedformovement.Key
combinationssuchasrunningwithCtrlkeyandwalkingthroughtheobjectswithShiftkeywere
turnedoff.Thechatwindowandwebbrowserwindowwereclosed,andthethree-dimensionalvirtual
environmentwasusedinthefull-screenmode.Theparticipantswereprovidedwithafirst-person
perspectiveofthevirtualenvironment.

Data Analysis
The researchers conducted one-way ANOVA to determine any differences between the groups
by their GPAs, spatial visualization scores, weekly hours of playing games, and hours of using
MUVEs.Inaddition,theresearchersconductedthechi-squaretestforindependencetoidentifyany
differencesbetweenthegroup’sexperiencewithgames,computers,andtheInternet.Tocomparethe
taskcompletiontimesofthegroups,theresearchersuseddescriptivestatistics,two-wayANCOVA,
Fisher’sexacttest,Levene’sTest,andFisher’sLSDTest.Fisher’sexacttestwasalsousedtodetermine
whetherthegroupsgotlost.Thesignificancethresholdforthisstudy’sstatisticalanalyseswas0.05.
Theobservationdatawereanalyzedusingcontentanalysis.

RESULTS

A Comparison of the Groups by the Independent Variables
Thedescriptivestatisticsregardingthegroups’GPAs,spatialvisualizationscores,weeklyhoursof
playinggames,andthedurationoftheirMUVEuseswereshowninTable2.

Table 2. Descriptive statistics of the groups according to the independent variables

Group N Mean SD

Gradepointaverage

CS 16 2.90 0.43

PM 16 2.99 0.39

OSM 16 3.01 0.43

Spatialvisualization
score

CS 16 7.56 2.99

PM 16 7.25 3.22

OSM 16 7.19 3.17

Weeklyhoursof
playinggames

CS 16 1.94 2.62

PM 16 2.13 2.30

OSM 16 1.50 2.00

Weeklyhoursof
usingMUVEs

CS 16 2.63 2.80

PM 16 2.69 2.60

OSM 16 3.63 2.42
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AccordingtoANOVAresults,therewasnosignificantdifferenceamongthegroups’GPAs(F(2,
45)=0.31,p=0.73),spatialvisualizationscores(F(2,45)=0.07,p=0.94),weeklyhoursofplaying
games(F(2,45)=0.31,p=0.74),andweeklydurationsofusingMUVEs(F(2,45)=0.74,p=
0.49).Thechi-squaretestforindependencewasconductedtoseeanydifferencesamongthegroups’
experiencesinplayinggames,computers,andtheInternet.Fisher’sexacttestwasadministeredwhen
thenumberofcellssmallerthan5wasabove20%ofthetotalnumberofcells.Accordingtothetest
results,therewasnosignificantdifferenceamongthegroups’experiencewithplayinggames(X2(8,
N=48)=10.83,p=0.16),experiencesinusingcomputer(X2(6,N=48)=7.25,p=0.29),and
experiencesinusingtheInternet(X2(6,N=48)=7.14,p=0.24).Theseresultssuggestedthatthe
groupsof16participantsweresimilarintermsoftheindependentvariables.

A Comparison of the Groups’ Task Completion Times
Thedatashouldhaveanormaldistribution toconductparametric tests,and thevariancesof the
different groups should be equal. The normality of the dependent variable was observed using
histogramsforeachgroup(CS,PM,andOSM),andLevene’stestwasconductedtodeterminethe
homogeneityofthevariances.Althoughtheresearcherstriedtomatchthegroupsbyconsidering
theircharacteristics,andtheirageandgenderdistributionswereequal,othercharacteristicsdiffered.
Thevariablesthatdifferedweretakenascovariates,andthecovariatesassumedtobeassociatedwith
thetaskswerecheckedwhilecomparingthetaskcompletiontimes.Allparticipantscompletedall
thetasksreachingthedeterminedgoals.Table3presentsthecompletiontimesofthetasksbyboth
methodsandgenders.AvisualizationofthesedataispresentedinFigure3.

Figure3showsthatthemaleparticipantscompletedthefirsttaskfasterusingtheOSM,while
thefemaleparticipantscompletedthesametaskfasterusingthePM.Theparticipantscompleted
thesecondandthirdtasksfasterwhentheyusedthePM,whiletheycompletedthesametasksmore
slowlywhentheyusedtheCS.Themaleparticipantscompletedthetasksfasterwhentheyusedthe
OSM,whilethefemaleparticipantscompletedthetasksfasterwhentheyusedthePM.Participants
completedthetasksmoreslowlywhentheyusedtheCSmethod.Analysisoftheparticipants’task
completiontimesindicatedthatmalescompletedthetasksmorequickly.

Theresearchersalsotestedtheequalityofthevarianceamongthegroupsforthefirst,second,
thirdtasks,andallthetasks.Itwasfoundthatthevarianceamongthegroupswasequalforthefirst
task(Levene’stestF=2.83,p>0.05),thesecondtask(Levene’stestF=1.46,p>0.05),thethird
task(Levene’stestF=2.15,p>0.05),andforallthetasks(Levene’stestF=1.27,p>0.05).Table
4showstheresultsofthecovarianceanalysis.Thisanalysiswasconductedtoconsiderthegender
variable,whichmightaffectthemethodsusedinthetasks.TheresearchersalsocheckedtheGPAs,
spatial visualization scores,weeklydurationsof playinggames andusingMUVES,whichwere
takenascovariates.Theresultsindicatedastatisticallysignificantdifferencebetweenthemethods
forthefirsttask’scompletiontimes(p<0.05).Fortheothertasks,thedifferenceinmethodswas
notstatisticallysignificant(p>0.05).Thedifferencebetweenthemethodsforthecompletiontimes
ofallthreetaskswasstatisticallysignificant(p<0.05).Theinfluenceoftheinteractionbetweenthe
methodandgenderonthecompletiontimeofthefirsttask,thesecondtask,thethirdtask,andall
thetaskswasnotstatisticallysignificant(p>0.05).

TheresearchersconductedFisher’sLSDtesttofindoutwhichgroupsdifferedfromeachother
bymethodforthefirsttask(Table5).TheresultsshowedthatthedifferencesbetweentheCSandPM
methods,aswellastheCSandOSMmethods,werestatisticallysignificant(p<0.05).Thedifference
betweenthePMandOSMmethodswasnotstatisticallysignificant(p>0.05).

TheresearchersconductedFisher’sLSDtestalsotodeterminewhichgroupsdifferedbyaggregate
taskcompletiontimesandmethod(Table6).TheresultsshowedthatthedifferencesbetweentheCS
andPMmethods,aswellastheCSandOSMmethods,werestatisticallysignificant(p<0.05).The
differencebetweenthePMandOSMmethodswasnotstatisticallysignificant(p>0.05).
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Table 3. A comparison of the completion times of tasks 1, 2, 3, and all the tasks by method and gender

Method Gender Mean SD

Task1

CS

Female 347.38 219.05

Male 266.88 225.46

Total 307.13 218.73

CorrectedTotal 313.15 38.06

PM

Female 151.63 89.76

Male 172.88 173.83

Total 162.25 134.10

CorrectedTotal 173.17 37.96

OSM

Female 193.50 117.53

Male 73.63 24.69

Total 133.56 102.77

CorrectedTotal 116.62 38.28

Task2

CS

Female 286.00 135.36

Male 200.38 75.30

Total 243.19 114.68

CorrectedTotal 244.89 22.08

PM

Female 207.87 85.91

Male 157.63 66.31

Total 182.75 78.55

CorrectedTotal 180.08 22.03

OSM

Female 212.88 78.23

Male 180.50 57.33

Total 196.69 68.33

CorrectedTotal 197.66 22.21

Task3

CS

Female 300.62 179.97

Male 226.63 112.99

Total 263.63 150.11

CorrectedTotal 262.14 33.44

PM

Female 250.75 92.77

Male 178.88 58.12

Total 214.81 83.49

CorrectedTotal 221.28 33.36

OSM

Female 277.00 204.06

Male 206.00 93.60

Total 241.50 157.69

CorrectedTotal 236.52 33.64

continued on following page
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Table 3. Continued

Figure 3. Distribution of participants’ tasks completion by gender

Method Gender Mean SD

Total

CS

Female 934.00 289.93

Male 693.88 306.42

Total 813.944 313.72

CorrectedTotal 820.18 61.16

PM

Female 610.25 213.20

Male 509.38 207.28

Total 559.81 209.70

CorrectedTotal 574.52 61.00

OSM

Female 683.38 308.54

Male 460.13 117.20

Total 571.75 253.23

CorrectedTotal 550.80 61.52
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Table 4. The results of the ANCOVA analysis of the average completion times of the tasks

Source Sum of Squares df Mean 
Square F p Partial eta 

Squared

Task1

CorrectedModel 556841.03 9 61871.23 2.72 .02 .39

Intercept 50352.36 1 50352.36 2.21 .15 .06

Spatialinformationscore 378.79 1 378.79 .02 .90 .00

Gradepointaverage 6833.48 1 6833.48 .30 .59 .01

Weeklyhoursofplayinggames 68924.16 1 68924.16 3.03 .09 .07

WeeklyhoursofusingMUVEs 94489.84 1 94489.84 4.15 .05 .10

Method 316799.71 2 158399.85 6.95 .00 .27

Gender 22304.95 1 22304.95 .98 .33 .03

Method*Gender 53166.14 2 26583.07 1.17 .32 .06

Error 865925.95 38 22787.53

CorrectedTotal 1422766.98 47

Task2

CorrectedModel 100416.19 9 11157.35 1.45 .20 .26

Intercept 310.00 1 310.00 .04 .84 .00

Spatialinformationscore 4637.90 1 4637.90 .61 .44 .02

Gradepointaverage 16819.14 1 16819.14 2.19 .15 .06

Weeklyhoursofplayinggames 6301.80 1 6301.80 .82 .37 .02

WeeklyhoursofusingMUVEs 615.92 1 615.92 .08 .78 .00

Method 35289.75 2 17644.87 2.30 .11 .11

Gender 16130.04 1 16130.04 2.10 .16 .05

Method*Gender 3437.64 2 1718.82 .22 .80 .01

Error 291501.73 38 7671.10

CorrectedTotal 391917.92 47

Task3

CorrectedModel 100416.19 9 11157.35 1.45 .20 .26

Intercept 310.00 1 309.99 .04 .84 .00

Spatialinformationscore 4637.90 1 4637.90 .61 .44 .02

Gradepointaverage 16819.14 1 16819.14 2.19 .15 .06

Weeklyhoursofplayinggames 6301.80 1 6301.80 .82 .37 .02

WeeklyhoursofusingMUVEs 615.92 1 615.92 .08 .78 .00

Method 35289.75 2 17644.87 2.30 .11 .11

Gender 16130.04 1 16130.04 2.10 .16 .05

Method*Gender 3437.64 2 1718.82 .22 .80 .01

Error 291501.73 38 7671.10

CorrectedTotal 391917.92 47

continued on following page
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A Comparison of the Groups’ Getting Lost
This study defined getting lost as straying from the ideal route. Table 7 shows the data about
participants’gettinglostbymethod,gender,andtask.

Theresearchersconductedatwo-waychi-squaretest(Fisher’sexacttest) tocomparethe
groups’ getting lost by method. The results of the test showed that there was a significant
differencebetweentheirgettinglostinthefirsttask(X2(2,N=48)=8.18,p=0.02),thesecond

Table 5. The LSD test results of the completion times of the first task by method

Method (I) Method (J) Mean Difference (I-J) Std. Error p

CS PM 139.99 53.76 0.01

OSM 196.53 54.43 0

PM CS -139.99 53.76 0.01

OSM 56.54 54.23 0.3

OSM CS -196.53 54.43 0

PM -56.54 54.23 0.3

Table 6. The LSD test results of the total task completion times by method

Method (I) Method (J) Mean Difference (I-J) Std. Error p

CS PM 245.66 86.38 0.01

OSM 269.38 87.47 0

PM CS -245.66 86.38 0.01

OSM 23.72 87.14 0.79

OSM CS -269.38 87.47 0

PM -23.72 87.14 0.79

Source Sum of Squares df Mean 
Square F p Partial eta 

Squared

Total

CorrectedModel 1.520E6 9 168877.36 2.87 .01 .41

Intercept 217639.19 1 217639.19 3.70 .06 .09

Spatialinformationscore 47623.25 1 47623.25 .81 .37 .02

Gradepointaverage 651.16 1 651.160 .01 .92 .00

Weeklyhoursofplayinggames 169146.27 1 169146.27 2.88 .10 .07

WeeklyhoursofusingMUVEs 109380.14 1 109380.14 1.86 .18 .05

Method 692584.75 2 346292.38 5.89 .01 .24

Gender 195686.41 1 195686.41 3.33 .08 .08

Method*Gender 74996.89 2 37498.44 .64 .53 .03

Error 2235961.76 38 58841.10

CorrectedTotal 3755858.00 47

Table 4. Continued
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task(X2(2,N=48)=8.54,p=0.01),andthethirdtask(X2(2,N=48)=7.81,p=0.02).Using
theCScausedtheparticipantstogetlostthemostfrequently,whiletheOSMcausedthefewest
participantstogetlost.Withallthreemethods,participantsgotlostmoreoftenastheyproceeded
performingthetasks.

Theresearchersusedatwo-waychi-squaretesttocomparetheparticipants’gettinglostbygender.
FortheCSmethod,therewasnodifferencebetweenmalesandfemales’gettinglostinthefirsttask
(X2(1,N=16)=1.33,p=0.57),inthesecondtask(X2(1,N=16)=0.00,p=1.00),andinthe
thirdtask(X2(1,N=16)=1.07,p=1.00).TherewasnodifferencebetweengendersforthePM
methodinthefirsttask(X2(1,N=16)=0.25,p=1.00),inthesecondtask(X2(1,N=16)=2.29,
p=0.32),andinthethirdtask(X2(1,N=16)=1.33,p=0.57).FortheOSMmethod,therewas
nodifferencebetweenthegendersinthefirsttask(X2(1,N=16)=5.33,p=0.08),inthesecond
task(X2(1,N=16)=0.00,p=1.00),andinthethirdtask(X2(1,N=16)=1.00,p=0.62).The
researchersusedatwo-waychi-squaretesttocomparethegroups’gettinglostbygender.Thetest
resultsshowedthattherewasadifferencebygenderinthefirsttask(X2(1,N=48)=4.09,p=
0.04),whiletherewasnodifferencebygenderinthesecond(X2(1,N=48)=0.78,p=0.38),and
thirdtasks(X2(1,N=48)=0.11,p=0.75).

Observations Related to Getting Lost Using the CS
TheresearchersobservedthattheparticipantsfailedtofollowtheidealrouteusingtheCSmethodon
theirfirstattemptandgotlost.Whenusingthismethod,theparticipantsfocusedonthecoordinates
onthetitlebaranddidnotpaymuchattentiontotheirsurroundings.Someparticipantsusedroads
theyalreadywalkedmanytimes.Theypassedbythegoalwhilechangingdirection.However,they
didnotrecognizethegoalsincetheywereconcentratingonthecoordinates.Somediscoveredthe
goalsofthesecondandthirdtaskswhileattemptingtoperformthefirsttask.

Table 7. Numbers of participants who got lost by gender and task

Method Lost Gender Task 1 Task 2 Task 3 Total

CS

Lost
Male 5 7 8

41(85%)
Female 7 7 7

NotLost
Male 3 1 0

7(15%)
Female 1 1 1

Total 16 16 16 48(100%)

PM

Lost
Male 3 3 5

28(58%)
Female 4 6 7

NotLost
Male 5 5 3

20(42%)
Female 4 2 1

Total 16 16 16 48(100%)

OSM

Lost
Male 0 3 5

18(38%)
Female 4 3 3

NotLost
Male 8 5 3

30(62%)
Female 4 5 5

Total 16 16 16 48(100%)
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Observations Related to Getting Lost Using the PM
TheparticipantswhogotlostusingthePMmethodwhileperformingthefirst tasksaidthey
didnotunderstandhowtousethepapermapatthebeginninganddidnotfindthebridges.In
secondandthirdtasks,theyusedthePMtogetclosetothegoal,thenstoppedusingthePMand
begantousetheCS,whichcausedthemtolosetheirway.Theiruseofthecoordinatesystem
increasedastheygotclosertothegoals.Theparticipantsfocusedonthecoordinatesystemwhen
theywereveryclosetothegoalandfailedtorecognizetheirlocationusingthismethod,too.
SincetherewerenoindicatorsonthePMshowingtheirlocation,theparticipantshaddifficulty
tellingwheretheywere.

Observations Related to Getting Lost Using the OSM
Usingthismethod,theparticipantsnoticedthattheyweregoinginthewrongdirectionthanksto
thelocationindicator,andtheyswitchedtothecorrectdirection.Thisindicatormadeiteasyforthe
participantstofindthebridgestheyweresupposedtouseparticularlyinthefirstandthirdtasks,but
participantscouldnotseethemusingtheothermethods.ThereasonfortheOSMtaskcompletion
timesbeinglongerthanthePMtimeswasthattheparticipantsfollowedtheroutesfirstontheOSM,
andthentheysearchedforthecrystalartifactwithoutcheckingthecoordinatesystem.Foramajority
oftheparticipantsusingtheOSM,ittooklongertofindthecrystalartifactthanittookthemtoget
toitslocation.Theparticipantsusedfewerrouteswhentheyusedthismethod.Theparticipantswho
usedboththeOSMandtheCStogethercompletedthetaskfaster.

DISCUSSION

Thisstudyanalyzedtheeffectsofon-screenandpapermapsasnavigationalaidsin3DMUVEson
navigationefficiency.Itwasfoundthatthemethodusedinthefirsttaskandallthetasksinfluenced
thetaskcompletiontimes,andtherewasadifferencebetweentheCSandPMmethods,aswellas
betweentheCSandOSMmethods.Thegroupthatdidnotuseanymapscompletedthetasksmore
slowlyandgotlostmorefrequently.ThedifferencesbetweentheCSandPMmethodsandtheCS
andOSMmethodsresultedfromthefactthattheCSmethoddidnotincludeanavigationalaidgiving
participantsvisualcuesabouttheenvironment.Forinstance,theCSmethoddidnotincludeanyvisual
cuesaboutthebridgetheyweresupposedtocross,whichlengthenedparticipants’taskcompletion
times.AreviewoftherelevantliteraturealsoshowedthatTlaukaetal.(2005)foundthatthetypes
ofmapsusedfortasksinfluencedtaskcompletiontimes.Yokosawa,Wada,andMitsumatsu(2005)
foundthatparticipantsweremoresuccessfulinMUVEswhentheyusedmethods,whichgavethem
visualcuesabouttheenvironment.

Althoughtheparticipantsinthisstudyhadexperienceinusingthree-dimensionalmulti-user
virtual environments (3D MUVEs), they did not have any cognitive maps of the environment
sincetheycompletedtasksinavirtualworldtheyhadnotseenbefore.InMUVEs,oneofthemost
importantinfluencesonparticipants’wayfindingperformanceistheirexperienceintheenvironment
(Sadeghianetal.,2006).Thisexplainswhythemethodusedinthefirst taskinfluencedthetask
completiontimewhilethoseusedinthesecondandthirdtasksdidnot.Inamajorityofthestudies
in the relevant literature, participants were provided with training in the same implementation
environmentbeforehand.Thisimprovesparticipants’cognitivemapsoftheenvironment.Thus,the
researcherssuggestthatuserorientationsshouldbeconductedinanenvironmentthatisnotusedfor
theimplementation.

CSwasthemethodthatcausedthemostparticipantstolosetheirway,andtheOSMcausedthem
togetlosttheleast.WiththeCSmethod,theparticipantscouldnotobtainthegeneralinformation
abouttheenvironmentsincetheyonlyfollowedthecoordinatesonthetitlebar,andthus,theygot
lostmoreoften.Iftheusersdonotknowabouttheenvironmentspatiallyandthelocationoftheir
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destinationisknown,navigationalaidssuchasteleportationtoolsandGPScanbeusedtoreachthe
goalaccuratelyandrapidly.Inthissituation,users’performanceswillbebettersincetheydonotneed
toexploretheenvironment(Lietal.,2013).Whenusersdonotknowabouttheenvironmentanddo
nothavenavigationtoolstohelpthemreachthegoal,theyneedtoexploretheenvironmenttofind
thegoal.Whenusersdonothavenavigationalaidsprovidingdirectaccesstothegoalinunfamiliar
environments, theytendtoconcentrateonvisual informationabouttheenvironmentprovidedby
navigationalaids.Users’orientationintheenvironmentdependsonanalyzingtheirlocationandspatial
relationshipsintheenvironmentandrequireslandmarks,links,anddirectionstobeabletodetermine
theirlocationandintentionallyreachtheirdestinations(Özen,2006).AccordingtoGramopadhyeet
al.(2014),ifmapsanddirectionsareplacedintheenvironmentforwayfindingpurposes,itwillboth
increasetheusabilityoftheenvironmentandreduceworkloads.Althoughthesamemapwasusedfor
boththeOSMandPMmethods,participantseasilyreachedtheirgoalswiththeOSMthankstothe
affordanceindicatingtheirreal-timelocation.However,comparingtaskcompletiontimesshowed
thatthePMmethodwasfasterthantheOSMmethodandthattheOSMmethodwasfasterthanthe
CSmethod.AlthoughtheOSMmethodenabledparticipantstomovetowardstheirgoalsmorerapidly
andgetlostlessfrequently,mostparticipantstookmoretimetogettherethantheydidwithPMsince
theydidnotuseitwithCS.WiththePMmethod,theparticipantsgotlostmorefrequentlythanthey
didwiththeOSMmethodsincetheymadenavigationerrorsandincorrectlyestimateddistances.

Withallthesemethods,malescompletedthetasksinshortertimesthanfemales(exceptfor
thefirsttaskperformedwithPM)butthisdifferencewasnotstatisticallysignificant.Malesand
femalesgotlostatthesamerate.Thisstudyisoneofthefewstudiesthatfoundnodifference
in rates of getting lost and task completion times by gender (for another example, see Vila,
Beccue,&Anandikar,2003;Török&Török,2018).Presumably,therewasnodifferencebetween
participantsbygenderbecausetheywereallstudentsinaninstructionaltechnologydepartment.
Inthisrespect,users’experienceplaysanimportantroleintheirtaskcompletionbygenderin
MUVEs. Inparticular, taskcompletion timesofusersmaybe long inenvironments that the
usersexperienceforthefirsttime.Asparticipantsgetmorefamiliarwiththeenvironment,their
taskcompletiontimesalsogetshorter.Femaleparticipantsgotlostmorefrequentlythanmale
participantsonlywhileperformingthefirsttask,whichmaybeexplainedbythisfact.Inthis
study,theresearchersdidnotmatchmaleandfemaleparticipantsaccordingtotheircharacteristics,
andtheysuggestthatfuturestudiesmatchthecharacteristicsbetweengendersafterananalysis
ofthedifferencesbetweenmalesandfemales.

Areviewoftherelevantliteraturerevealsthatthecharacteristicsofusersinfluencetheir
navigation efficiency in MUVEs. Darken and Peterson (2015) stressed that users’ spatial
visualizationskillsshouldbeknownbyresearchersandthatthespatialskillsofuserswhoplay
gameswillbehigherthanthosewhodonot.DarkenandCevik(1999)studiedtheuseofmaps
invirtualenvironmentsandfoundthatindividualswithstrongspatialskillsusemapsbetterthan
thosewithweakspatialskillsinanygivenenvironment.Otherstudiesarereportingthatspatial
abilityinfluencesnavigationefficiencyandisoneoftheessentialpartsofnavigation(Bowman
etal.,2004;Chen&Stanney,1999;Downs&Stea,1973;Sjolinder,1998;Wu,Zhang,&Zhang,
2009).Çubukçu,Çubukçu,andNasar(2006)claimthatplayingcomputergamesplayedamajor
roleinperceivingthespaceandtransformingitintospatialknowledge.Anotherstudyfoundthat
userswhoplayedcomputergamesweremoresuccessfulatusingmapsinMUVEsthanthose
whodidnotplaygames(Darken&Cevik,1999).Tomitigatetheinfluenceoftheparticipants’
characteristicsontheimplementationresults,theresearcherscreatedgroupsconsideringtheir
spatial visualization scores,weeklydurationsof playinggames andusingMUVEsand their
experienceswithgames,computers,andtheInternet.Thentheresearcherscheckedthegroups
andconfirmedthattherewasnosignificantdifferencebetweenthegroupsbytheseindependent
variables.Theresearchersalsosuggestthatfutureempiricalstudiesofthisphenomenonsimilarly
checkthiskindofindependentvariables.
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TheparticipantswhousedtheOSMandtheCStogethercompletedthetasksthefastest.Thus,
themostimportantimplicationofthisstudy’sfindingsisthatdifferentnavigationalaidsshouldbe
locatedclosetoeachotherforoptimumnavigationefficiency.Thismeansthatthecoordinatesystem
shouldbelocatedclosertotheOSMorshouldbeintegratedwithit.Itisacommonproblemthat
mapscannotbescaledproperlyforreallylargevirtualenvironments(Darken&Peterson,2015).
Therefore,usersshouldbeallowedtopersonalizetheirnavigationalaidssothattheycanberesized
andthecolorsonthemapcanbechangedforpeoplewithvisualdisorderssuchascolorblindness.
Ifitisnotpossibletouseanotherwindowforthenavigationalaidwhenthesizeofthewindowis
restricted,thenthezoomtechniqueshouldbeused.

CONCLUSION AND FUTURE wORK

Inthisstudy,thereweredifferencesbetweenthemethodsbythecompletiontimesinthefirst
task,whiletherewasnodifferencebetweenthemethodsinthesecondandthirdtasks.Hadthe
researchbeen carriedouton a single task, the result differencesbetween thedifferent tasks
wouldnothavebeenachieved.Therefore,theresearcherssuggestthatfuturestudiesinthisfield
includemultipletasks.Theuseofobjectivedatacollectiontoolsfortheimplementationwill
makeitpossibletoanalyzethenavigationinamicro-dimensionalway.Todoso,futurestudies
couldfollowandrecordusers’eyemovementsduringnavigationusingeye-trackingdevices.This
willyieldobjectivedataabouttheoperationsconductedbyusersduringtheirnavigationsuchas
theircompletiontimes,theirroutes,andthenumberofturns.Thesedatacanbeusedtocompare
differentnavigationalaids.Inthisstudy,thespatialexperienceinvolvedonlytwodimensions.
However,MUVEscancontaininformationontheZ-axis.Futurestudiescouldexamineusers’
navigationefficiencyinspacescontainingmultipledimensionsandtheinfluenceofmapson
theirspatialexperiences.
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