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Abstract

The dif culties peoplefrequentlyhavenavigatingin virtual ervironmentgVEs) are well known.Usually these
dif culties are quanti ed in termsof performancee.g., timetaken or numberof errors madein following a path),
with thesedatausedio compae navigationin VEsto equivalenteal-world settings Howerer, animportantcause
of any performancedifferencesis changesin peoples navigationalbehaviour This paperreportsa studythat
investigatedheeffectof visualscenedelity and eld of view (FOV) on participants'behaviourin a navigational
seach task,to helpidentifythethresholdf delity thatare requiredfor efcient VE navigation Wth a wide FOV

(144 dgyrees) participantsspentsigni cantly larger proportion of their timetravellingthroughthe VE, wheeas
participantswhouseda normal FOV (48 degrees)spentsigni cantly longer standingin oneplaceplanningwheie

totravel.Also,participantswhouseda wideFOV anda high delity scenecamesigni cantly closerto conducting
the seach "perfectly” (visiting eat placeonce).In an earlier real-world study participantscompleted3% of

their seachesperfectlyand plannedwheee to travel while they moved. Thus,navigatinga high delity VE with

a wide FOV increasedthe similarity betweenVE and real-world navigationalbehaviour which hasimportant
implicationsfor both VE designandundestandinghumannavigation.

Detailed analysisof the errors that participantsmadeduring their non-perfectseacheshighlighteda dramatic
differencebetweerthe two FOVs. With a narrow FOV participantsoftentravelledright pasta target without it

appearingonthedisplay whereaswith thewide FOV targetsthatwere displayedowarmdsthesidesof participants
overall FOV were oftennot seached,indicating a problemwith the demandsnadeby sud a wide FOV display
on humanvisualattention.

Catayories and Subject Descriptors(accordingto ACM CCS) 1.3.6 [Computer Graphics]: Methodology and
Techniques-Interactiorechniquesl.3.7 [ComputerGraphics]:Three-DimensionabraphicsandRealism-\irtual

Reality H.5.2[InformationInterfacesand Presentation]userinterfaces-Inputievicesandstrateies

1. Intr oduction

It is well known that peoplefrequentlyhave dif culty navi-
gatingin virtual ervironments(VESs), andtake substantially
longerto develop spatialknowledge of suchenvironments
than equivalent real-world settings[WBKP96] [RMH99].
Theroot causeof this dif culty is assumedo lie in areduc-
tionin the delity of VEscomparedvith therealworld, with
this delity classi edalongindependentlimensionsuchas
the contentof thevisualscenethe eld of view (FOV) used
to obserethatsceneandthemechanisnusedfor movement
[WHK98].

Navigationaldif culties arefoundin avarietyof different
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typesof VE, from seascapesovering hundredsof square
kilometres,to sectionsof virtual countrysideyirtual build-
ingsandevensinglevirtual rooms[DS96][RMH99] [RJO]]
[SM00] The magnitudeof thesedif culties, andary com-
parisonwith therealworld, is usuallymeasuredn termsof
differencesn users'navigationalperformancée.g. distance
travelled,time takenor errorsmade) However, it is alsoim-
portantto compareusers' navigational behaiour, because
subtlechangesn thatbehaiour canleadto a drasticdete-
rioration in navigational performanceln otherwords, it is
behaiour thatoften dictatesperformancelf a VE couldbe
designedso that usershehaed in a similar mannerto the
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realworld thenthereshouldbealargeimprovementin navi-
gationalperformancebringingsubstantiabene tsto awide
rangeof VE applications.

This paperdescribesan experimentalstudy that investi-
gatedparticipants' navigational behaiour when they nav-
igated a virtual room, searchingfor targetsthat had been
placedn locationghatwereexplicitly marked. Thetaskwas
known to bestraightforvardto completan therealworld but
non-trivial in a VE [LRO3] The purposeof the experiment
wasto investigateary changeshatoccurredn navigational
behaiour whenthe virtual scenewaschangedrom low to
high delity andthe FOV increasedrom 48 (normalfor a
VE) to 144degreeqwide),andcomparebothbehaiour and
performanceo the earlierreal-world study First, howvever,
weoutlinepreviousresearclinto theeffectsof visual delity
andFOV on spatialtasks.

1.1. Visual delity and FOV

Waller, Hunt, & Knapp [WHK98] includedvisual delity
within their conceptof ervironmental delity , which is how
closelya VE resemblests correspondingeal world scene.
Thecontentof thevisualscends oneof theprimarysources
of information that peopleuseto determinetheir position
and orientationwithin a VE. It follows, that changingthe
amountof visualinformationavailablewill affect usersbe-
haviour andthatwill, in turn, affect their ability to perform
spatiattasksin aVE. Informationregardingpositionandori-
entationin the VE canbe madeavailablevia texture,includ-
ing landmarkobjectsembeddedvithin textures.Theamount
of thatinformationthatis visible at ary single momentin
timeis dictatedby the FOV.

To navigate successfullyparticipantamustperformsome
degree of distanceestimationeither from their movement
(pathintegration)or by updatingtheir positionandorienta-
tion fromthevisualscenepracombinatiorof both.Therep-
etition (tiling) of certaintextures,suchasabrick patternhas
beenshavn to signi cantly improve participants'accurag
whenestimatingdistance$SKD 99]. However, distancees-
timationswere not improved with the useof grass,carpet,
or abstractpatternedextures[WK98] [SKD 99]. Textures
canalsoenhanceoptic o w, which hasbeenshawvn to aid
path integration, prevent disorientation,and helps partici-
pantslocate rememberedarget positionsmore accurately
[KKSBOO] [KWDTO02]. Texture mapsare a cost effective
methodfor improving thevisualrealismof VEs. Theseypes
of texturesoften eitherare,or contain,distinctive "objects"
thatactaslandmarksandeliminatethe needfor themto be
modelledin 3D geometry The salieny of landmarkcues

hasalsobeenshavn to in uence navigationalperformance.

In thisrespectparticipants'route- nding accurag hasbeen
shavn to increasevheneveryday(i.e.familiar) objectswere
usedaslocal landmarkshut notwhenabstrac{i.e. unfamil-
iar) patternswvereusedinsteadRPJ97.

Studiesthat have investigatedthe effect of FOV in VEs

have often suggestedhat a restrictedFOV contrikutesto-
ward poor spatialperformanceFor example,when partic-
ipantsjudgedegocentricdistanceswhile wearinga HMD,
they underestimatethe distancesvhile usinga wide FOV
(140x 90 degrees)ut overestimatedhe distancesvhile us-
ing anarraver FOV (60 x 38.5degrees{KW96].

Presentresearchconcentrateprimarily on performance
measurevery little researcthasattemptedo identify and
measureusers underlying behaiour. However, a recent
study by Czerwinski, Tan and Robertson(2002) [CTRO02]
requiredparticipantsto nd target objectsand move them
to prede nedlocationsasquickly aspossible With a novel
navigationtechnique(the fasterparticipantsnoved forward
thehigherandsteepethey viewedthe VE) malesperformed
fasterthenfemaleswith anarrav FOV, but with awide FOV
females'speedncreasedo equalthat of males.Dataanal-
ysiswasnot only performedon performanceesults(speed)
but alsoon how participantsachiered thoseresults. The be-
havioural metricshavedthatmalestravelled higherthanfe-
maleswith the narrav FOV, while both genderstravelled
higher with the wide FOV. Also in the wide FOV there
were differencesin the use of stratgly betweenthe gen-
ders,femalestravelledlessdistanceo achieve afastertime,
while malestravelledfurther, but quicker, to achieve afaster
time. Thesebehaioural metricsshav thedifferentstratgies
adoptedandilluminate how performanceesultsoccurred.

TherearealsoVE studieshathave shavn noin uence of
FOV for spatialtasksIn one,participantperformedaseries
of trianglecompletiontasksusinga large projectionscreen,
andaccurag wasin uenced by pathlayoutbut notby FOV
[PMW97]. Anotherinvestigatedarticipants'ability to esti-
mateego-rotationgSPRvdHBO02].Therewasno difference
betweerntwo FOV's presentedn aprojectionscreer(86 x 64
degreesand40 x 30 dggrees) but with both of thesepartic-
ipantsweresigni cantly moreaccurateéhanwhenthejudg-
mentswereperformedusinga40x 30 degreeHMD.

2. Experiment

The experimentinvestigatedparticipants'performanceand
navigationalbehaiour whenthey searcheédroom-sizedVE
that containeda visual sceneconstructedising one of two
delities, andwasdisplayedusingoneof two FOVs. Thevi-
sualscenesvereaphotorealistianodelof asportshall (high
delity) andamodelwith identicalgeometrybut whichwas
renderedisingatiled brick texture (low delity). TheFOVs
were normal (48 degrees;displayedon a single computer
monitor)andwide (144 degreesthreemonitorsarrangedn
an arc that subtendedhe sameangle).A 2 by 2 between
participantsdesignwas used,with eachparticipantsearch-
ing the VE while using one combinationof scene delity
andFOVv.
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2.1. Method
2.1.1. Participants

Forty two participants(22 femalesand 20 males)took part
in the experimentand their agesrangedfrom 21 to 36 (M

=24.35,SD = 3.07). Two femaleparticipantsufferedfrom
nauseaand withdrew from the experiment.Presentedere
aretheresultsof the 40 participantsvho successfullicom-
pletedthe experiment.All the participantsvolunteeredfor
the experimentand were paid an honorariumfor their par

ticipation.

2.1.2. Materials

Participantstravelled aroundthe VE using a keyboardand
mouseto interact. Participantscould look up and down,
andtravel forwardin the directionthey werelooking (view-
directionmovement) Whenaparticipanthelddown thekey-
board'up' cursorthey movedforwardataspeedf 1 m/sand
stoppedvhenthe key wasreleasedThe mousewasusedto
control the participants direction of view. Looking up and
down wasachisred usingzeroordercontrol; by maoving the
cursorupthescreertheviewing pitchincreasedy upto +90
degreesandtheviewing pitch decreasebtly acorresponding
amountif the cursorwasmoved down the screenLooking
left andright wasaccomplishedising rst ordercontrolwith
therateof turningincreasingoroportionallywith thecursors
distanceaway from theverticalcentrelineof thescreenThe
maximumrateof turningwas135degrees/second.

TheVE contained33 cylinders,all measurind).5min di-
ameterand 1.35mhigh. Thirty-two were arrangedn eight
identical groupsof four, while the 33rd cylinder was posi-
tionedin the centre(Figurel).
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Figure1: Planof the VE.

On top of 16 of the cylinders was a white box with a
blue lid that indicateda possibletarget location. Eight of
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the boxes containeda target object(a red square)while the
remainingeight were empty (decy boxes). To ensurethat
targetsanddecqs weredistributedaroundthe ervironment
oneboxin eachgroupof four cylinderswasrandomlycho-
senin eachtrial to bethetagetandanothera decy.

Participantscould raise and lower the lids of the target
anddecqy boxesby pressingheleft mousebutton. Pressing
it onceraisedthe lid, andpressingt againloweredthelid.
If therewas a target presentinside the box the participant
pressedhe right mousebutton to selectit, the target then
turnedfrom red to blue indicating that it had beenfound
andthe VE softwarethenautomaticalljoweredthelid. The
softwarepreventedparticipantsfrom moving away from ary
boxuntil its lid waslowered.A lid couldonly beraised.and
atamgetselectedjf the participantwaswithin 0.6 m of the
centreof the box (i.e., they wereadjacentto it) andit was
within the participants FOV.

The high- delity scenecondition used imagesof the
sportshall surfacesas textures,thesewere capturedusing
adigital cameraand'stitched'togetherto createseven sep-
aratetextures:eachof the 4 wall textureswere 1024x 512
pixels(1.5Mb eachin RGB format);the ceiling texturewas
512x 128pixels (0.4 Mb). Onetexturewasusedfor eachof
the 25 lights suspendeffom the sportshall ceiling (0.1 Mb
each).The seventhtexture was usedfor the oor andcon-
sistedof arepeatedasetextureandwas2048x 1024 pixels
(6.1 Mb).

Thelow delity VE usedthe same oor andceiling tex-
turesbut a repeatedrick texture thathadno otherfeatures
for eachof the four walls. Thusin the high delity VE all
four walls of the sportshall were clearly distinguishable
from eachother(Figure2), butin thelow delity (bricktiles)
VE all four walls looked similar (Figure3).

Figure 2: Thefour walls of the virtual sportshall (high -
delity scene

In the normal-FQ/ conditionparticipantsviewedthe VE
via a monitor with a 475 mm x 300 mm viewable screen
size.The resolutionwas 1280 x 1024 pixels and the hori-
zontalFOV was48 deggrees Thewide-FOV/ conditionsused
the samemonitor as the normal-FQ/ conditionsbut with
two additionalmonitorsof the sametype and size placed
onits left andright. Eachmonitor displayedl of 3 viewing
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Figure 3: Close-upof the brick texture that was repeated
(tiled) acrossall four walls of thelow delity VE.

frustumsat aresolutionof 800x 600 pixels. Takentogether
the threemonitorsprovided a continuousl44 degreeshori-
zontal FOV of the VE, which was similar to their physical
arrangementFigure4). Thedifferencein theviews seenby
the participantswith thetwo FOVs is shawvn in Figure5.

The VE applicationwas written in C++ and OpenGL
PerformefMandranonanSGI Onyx 3400with aframerate
of 60 Hz. All participantsviewed the monoculardisplayed
VE from adistanceof approximately0.55m.

2.1.3. Procedure

Participantswererandomlyallocatedto oneof thefour con-
ditions, were run individually, and took approximately45
minutesto completethe experiment.Eachparticipant rst
practicedusing the view-direction movementinterface un-
til they could uently usethe controls.The participantthen
performedtwo practicetrials thatallowed him or herto be-
comefamiliar with the searchtask,andthencompletedour
testtrials. Eachtrial beganatthestartingpointin thebound-
aryrecesgFigurel) andparticipantsearchedntil they had
foundandselectedll eighttargets.They wereinformedthat
thetargetswerealwaysin thewhite boxes,but thattheir po-
sitionschangedetweertrials. They wereasledto complete
thetaskasef ciently aspossibleby minimizingthedistance
travelledandto avoid revisiting possibletargetlocations.

2.2. Results

Participants' performancein eachtrial was measuredby
recordingthe time they took to nd the eight targetsand
by calculatinghow closeparticipantscameto conductinga
"perfectsearch"(i.e. only checkingeachtarmget and decy
once).Participants'behaiour wasmeasuredh threeways:

by calculatingthe proportion of time spentperforming
differenttypesof action

classifyingtheir searchstrateyy.

by assessin@ry errorsthey madethat preventedthem
from conductinga "perfectsearch"

Statistical analysesof the data were performedusing
mixed designANOVAs thattreatedthe visual delity (brick

Figure 4: Photagraph of the 3-monitor setup(above), and
plan (below).

tiles vs. sportshall) andFOV (normal-FQ/ vs. wide-FOV)
asbetweerparticipantfactors,andthetrial numberasare-
peatedmeasurelnteractionsareonly reportedif they were
signi cant.

In termsof performanceparticipantgooklesstimeto nd
thetamgetswith thesportshall thanwith thebrick tiled scene
but the differencewasnot signi cant (M = 168 secondsrs.
208secondsk(1, 36)=2.21,p > .05). Participantsalsotook
lesstimeto nd thetargetswith thewide FOV thanwith the
normalFOV, but againthedifferencevasnotsigni cant. (M
= 163 secondsrs. 212 secondsF(1, 36) = 3.29,p > .05).
However a signi cant learningeffect occurredwith partic-
ipantstaking lesstime to nd the targetsasthe trials pro-
gressedF(1,108)= 3.70,p < .05). Themeantime reduced
from 218seconddtrial 1) to 176 secondgtrial 4).

When performingthe taskin the realworld, participants
completed93% of the trials perfectly visiting eachtarget
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Figure 5: Views from eadh frustumfor the wide FOV con-
dition, high delity (above), low delity (below).Only the
middlefrustumwasvisiblein thenormal FOV condition.

and decqy only once[LRO3]. However, in the presentVE
experimentonly 51% of thetrials werecompletecberfectly
andit wasnoticeablghatparticipantoftenonly foundsix or
savenof thetargetsbeforecheckingagainatleastonetarget
or decy thathadalreadybeenvisited. A repeatedneasures
ANOVA of the numberof targetsfound beforeary revisita-
tion shavedasigni cant interactionbetweer-OV andscene
delity (F(1, 36) = 5.24,p < .05), with participantsnding
mosttargetswith thewide FOV/sportshall andleastwith the
wide FOV/brick tiles(M = 7.2vs.6.0).

The numberof targetsfound beforeary revisitationis a
crudemeasureof how closea participantcameto complet-
ing a trial perfectly sowe developeda more sophisticated
metricthatincorporatedhe proximity of a givenparticipant
to eachtargetup until the rst revisitation. Tamgetsthathad
beenfoundby this point scoredzero,andthe scorefor each
remainingtarget was the closestdistance(x) to the target
so far (Figure 8). A repeatedneasureANOVA shaved a
signi cant interactionbetweenFOV and scene delity for
the perfectsearch(F (1, 36) = 4.40, p < .05). Participantsin
thewide FOV/sportshall conditioncameclosesto a perfect
searchwith a meanscoreof 1.18m(SD = 3.07), whereas
thewide FOV/brick tiles groupwerethe furthestaway (M=
5.4m,SD = 9.7). The othergroupswere normal FOV/brick
tiles (M = 3.0m,SD= 7.5)andnormalFOV/sportshall con-
dition (M =4.7mSD= 8.0).

The rst behaioural measurevastheamountof time par
ticipantsspentperformingdifferenttypesof action.For each
trial we calculatedhe percentagef time participantsspent
(i) planningwhereto go at the startof a trial), (ii) travel-
ling aroundthe VE, (iii) stationarybetweentargetsandde-
coys, and (iv) checkingthe target and decy boxes. These
datawerethenanalyzedisingrepeatedneasureANOVA's.
Participantswho useda wide FOV spentsigni cantly less
of their time planning(F(1, 36) = 8.10,p < .05), stationary
(F(1,36)=4.47,p < .05),andcheckingtheboxes(F(1, 36)
=8.71,p <.05),thanparticipantsvho usedanormalFOV. It
follows thatparticipantavho usedawide FOV spentsignif-
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icantly moreof theirtimetravelling aroundthanparticipants
who useda normalFOV (F(1, 36) = 5.88,p < .05). (Figure
6).

Froportion of tims (%)

] T T T T

normal FOY  normal FOY wide FOY wide FOY
lowefidelity  high-fidelity  lowfidelity  high-fidelity

Checking targets
EEEE Stationary during trial
Travelling

—1 Beginning of trial

Figure6: Proportionoftimespentnvariousactionsduring
atrial

The secondbehaiour measurewas participantsoverall
searchstratgy. The pathsparticipantfollowedwereclassi-
ed by dividing the VE into four quadrantsand noting the
orderin which thesewerevisited (Figure7).

s Decoy Jlarget

Figure 7: Typical perimeterseach (left) and lawnmower
seach (right)

A perimetersearchvisitedquadrantsn theorder1-2-3-4-
1 (clockwisesearch)r 1-4-3-2-1(anticlockwise) A Lawn-
mower searchinvolved a sequenceof passeghat crossed
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the VE's centreline,progressingalong the centrelinefrom
oneside of the VE to the other Two searchesn the tiled-
texture/wide-FO&/ condition could not be unambiguously
classi ed asperimeteror lawnmower, and so were termed
as'other'. Approximatelyhalf of the participantsin every
group completedthe task by using the perimeterstrateyy,
while theotherhalf usedthe lawnmawer strateyy. Theseare
the samestratgjies as were usedby participantswho per
formedthe sametaskin apreviousreal-world study[LRO3]

To explain the dif culties that participantsencountered,
threecateyoriesof errorswhereidenti ed. Thiswasaccom-
plishedby dividing a planof the navigableervironmentinto
sectorsusing a Delaunaytriangulationalgorithmthat used
the centreof the cylinders, with additional points on the
boundarywalls and the four corners,as node points. For
eachtrial, taigetsthat were found after one or more tar
getsor decqys hadbeenrevisitedwereclassi edinto oneof
thethreecateyories,dependingon the participants travelled
pathandits relationshipto the neglectedtarget. A misswas
recordedf the participanthadpreviously touchedhecylin-
deronwhichthetarget's box waslocated(Figure8a).Local
negylectwasrecordedf the participanthad previously trav-
elledthroughary of the Delaunaytrianglesconnectedo the
target's cylinder (Figure 8b). Global neglect was recorded
for all othererrors,indicating that the participanthad not
beenin thetarget'simmediatevicinity (Figure8c).

There was one miss in eachof the normal FOV con-
ditions, six in the wide FOV/brick tiles, and four in the
wide FOV/sportshall. Theratio of local:globalneglectwas
similar in all four conditions but, in total, in the wide
FOV/sportshall condition,participantsnadeapproximately
half thenumberof errorsthanparticipantsn boththenormal
FOV/sportshall andwide FOV/brick tiles conditions,anda
third lessthanthe normalFOV/brick tiles condition(Figure
9). Overall,5% of thetargetsweremissed27%werelocally
negglected,and68%wereglobally neglected.

Furtheranalysisof the pathanddirectionof view of par
ticipantsduring trials discoveredthat out of the 31 locally
negglectedtargetsin the normal FOV conditionsnoneactu-
ally camewithin the participants'FOV whenthey werein
the targetsimmediatevicinity. This givesan explanationas
to why so mary tamgetsfell into this cateyory of error It
wasnt that participantsneglectedthesetargets,they simply
didn't seethem(Figure 10). However, out of the 32 locally
neglectedtargetsin thewide FOV conditionsl7 werewithin
theparticipantd=0OV, andall appearedh eithertheleft or the
right screenYetdespitebeingvisible andwithin closeprox-
imity to the participantshetargetsremainedunsearched.

3. Discussion

This studyinvestigatedheeffect of visualscenedelity and
FOV on participants'navigational ability in termsof task
performanceand behaioural metrics. With the combina-
tion of awide FOV anda high delity (sportshall) scene

Path followed prior to any target or
( decoy being revisited

N
Path followed after '
1st revisitation

Figure 8: Examplesf the threetypesof error (a) miss,(b)
local, and(c) global.'x' showshedistanceusedin the'per-
fectseach' performancaneasue

participantswveresigni cantly closerto conducting'perfect
searchesivhichis whatis known to happeronthevastma-
jority of occasionsvhenpeopleperformthesametaskin the
realworld.

Resultfrom the behaioural metricsshaw signi cant dif-
ferenceccurredbetweerthetwo FOVs. With awide FOV
participantsspentproportionallylesstime standingin one
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Figure 9: Typeand meannumberof errors for the four ex-
perimentalconditions

Figure 10: Plan view showinga participant's path as they
travellednearto a target. Despitethe proximity of the par-

ticipant to thetarget it did not comewithin the participants
FOV andsoremainedunseached

placeat the begginning of atrial, betweertargetanddecqys,
and checkingthem, than participantswith a normal FOV.
With anormalFOV, participantsoftenstoodin oneplaceto
look aroundand planwhich box to searchnext, but a wide
FOV allowedparticipantgo assimilatehescenemoreeasily
simply becausenoreof the VE wasvisible atary onetime.
It is reasonableo suggesthatif moreof the sceneis out-
sidethe FOV thenit is moredemandingo keeptrack of the
locationsof the possibletargetsandthis thenrequiresmore
looking around.

¢ TheEurographicsAssociation2004.

It shouldalsobe notedthatlooking aroundwhile travel-
ling with a view-direction movementmetaphorcausegar
ticipantsto veeroff course This metaphoiis the onethatis
mostcommonlyimplementedn VEs, andwasthe oneused
in thepresenstudy By contrastpbserationsfrom thereal-
world studyin which participantsvalked arounda physical
versionof the environment[LR0O3] shavedthatparticipants
rarelystoppecetweertargetsandoccasionallydid noteven
stopto checkboxes.

ParticipantssearchetheVE usingtwo stratgies,perime-
ter, or lawnmower. Approximatelyhalf of the participantsn
every groupcompletedhetaskby usingthe perimeterstrat-
egy, while theotherhalf usedthelawnmaower. Thechangen
FOV did not changethe frequeng of onestratgy over the
other unlike thereal-world study[LR03] wherethe majority
of participantswho hada normalview of the ervironment
searchedhe spacewith a perimeterstrateyy, while with a
restrictedFOV (20 degrees)the lawnmower stratgy domi-
nated.

The errors that prevented participantsfrom conducting
perfectsearchesvere classi ed into threetypes, miss, lo-
cal, andglobal negglect. Participantsin the wide FOV/sports
hall condition had far fewer instancesof local and global
neglectthanthe otherthreeconditions.Errorsoccurredfor
threemainreasonsFirst,bothlocalandglobalneglectcould
occurwhen participantsonly searchedsomeof the targets
and decgs that existed in a tight cluster whereasin the
real-world participantstendedto exhaustvely searchclus-
terswhenthey wereencounteredSecondgentireclustersof
targetsweresometimeglobally neglectedin all the VE con-
ditions, indicating that even with a wide FOV and a high
delity sceneparticipantsoftenhaddif culty remembering
wherethey hadtravelled.Lastly, in thetwo normalFOV con-
ditions all of the locally neglectedtargetswere outsidethe
participants FOV whenthey werewithin the targetsimme-
diatevicinity. Thereforeit is unlikely that participantsvere
even aware of the tamgetslocationsdespitebeingin close
proximity to them.In the wide FOV condition53% of the
locally neglectedtarmgetswere within the participantsFOV,
andyetthey werestill notsearchedWhy wheretheseargets
neglecteddt is possiblethatthey whereeithernot noticedor
participantsbelieved they hadalreadybeensearchedlf the
formeris true thenit may have beencausedoy a dif culty
participantshad attendingto the large physicalareaof the
three-screemlisplay If the latter is true then one explana-
tion might be that the participantswhereunableto assimi-
late the spatialinformation presentecy the threeseparate
screendgnto one useablerepresentatiorof the sportshall.
Eventhoughmoreinformationwasavailablethey couldnot
keepthe positionsof the targetsupdatedwith their own po-
sition andorientationasthey travelled aroundthe VE.

In conclusionthepresenstudyshavs thata shift towards
real-world navigationalbehaiour occurswhenawide FOV
is combinedwith aphotorealisticsceneHowever, evenwith
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this combinationof factors,performanceremainssubstan-
tially belav thatwhich occursin therealworld. In turn, this
implicatesthe likely importanceof more e xible forms of
movementfor ef cient VE navigation.
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