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Abstract

Thedif�culties peoplefrequentlyhavenavigatingin virtual environments(VEs)are well known.Usually these
dif�culties are quanti�ed in termsof performance(e.g., timetakenor numberof errors madein followinga path),
with thesedatausedto compare navigationin VEsto equivalentreal-worldsettings.However, an importantcause
of any performancedifferencesis changes in people's navigationalbehaviour. This paper reportsa studythat
investigatedtheeffectof visualscene�delity and�eld of view (FOV) onparticipants'behaviourin a navigational
search task,to helpidentifythethresholdsof �delity thatarerequiredfor ef�cient VEnavigation.With a wideFOV
(144degrees),participantsspentsigni�cantly larger proportionof their timetravelling throughtheVE, whereas
participantswhouseda normalFOV (48degrees)spentsigni�cantly longer standingin oneplaceplanningwhere
to travel.Also,participantswhouseda wideFOV anda high�delity scenecamesigni�cantly closerto conducting
the search "perfectly" (visiting each placeonce).In an earlier real-world study, participantscompleted93% of
their searchesperfectlyandplannedwhere to travelwhile they moved.Thus,navigatinga high �delity VE with
a wide FOV increasedthe similarity betweenVE and real-world navigationalbehaviour, which has important
implicationsfor bothVEdesignandunderstandinghumannavigation.
Detailedanalysisof the errors that participantsmadeduring their non-perfectsearcheshighlighteda dramatic
differencebetweenthe two FOVs.With a narrow FOV participantsoftentravelledright pasta target without it
appearingonthedisplay, whereaswith thewideFOV targetsthatweredisplayedtowardsthesidesof participants
overall FOV were oftennot searched,indicatinga problemwith thedemandsmadeby such a wideFOV display
on humanvisualattention.

Categories and Subject Descriptors(accordingto ACM CCS): I.3.6 [ComputerGraphics]:Methodology and
Techniques-Interactiontechniques.I.3.7 [ComputerGraphics]:Three-DimensionalGraphicsandRealism-Virtual
Reality. H.5.2[InformationInterfacesandPresentation]:UserInterfaces-Inputdevicesandstrategies

1. Intr oduction

It is well known thatpeoplefrequentlyhave dif�culty navi-
gatingin virtual environments(VEs),andtake substantially
longer to develop spatialknowledgeof suchenvironments
than equivalent real-world settings[WBKP96] [RMH99].
Theroot causeof this dif�culty is assumedto lie in a reduc-
tion in the�delity of VEscomparedwith therealworld,with
this �delity classi�edalongindependentdimensionssuchas
thecontentof thevisualscene,the�eld of view (FOV) used
to observethatscene,andthemechanismusedfor movement
[WHK98].

Navigationaldif�culties arefoundin avarietyof different

typesof VE, from seascapescovering hundredsof square
kilometres,to sectionsof virtual countryside,virtual build-
ingsandevensinglevirtual rooms[DS96] [RMH99] [RJ01]
[SM00] The magnitudeof thesedif�culties, andany com-
parisonwith therealworld, is usuallymeasuredin termsof
differencesin users'navigationalperformance(e.g.,distance
travelled,time takenor errorsmade).However, it is alsoim-
portantto compareusers'navigational behaviour, because
subtlechangesin that behaviour canleadto a drasticdete-
rioration in navigationalperformance.In otherwords, it is
behaviour thatoftendictatesperformance.If a VE couldbe
designedso that usersbehaved in a similar mannerto the
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realworld thenthereshouldbealargeimprovementin navi-
gationalperformance,bringingsubstantialbene�tsto awide
rangeof VE applications.

This paperdescribesan experimentalstudy that investi-
gatedparticipants'navigational behaviour when they nav-
igateda virtual room, searchingfor targets that had been
placedin locationsthatwereexplicitly marked.Thetaskwas
known tobestraightforwardtocompletein therealworldbut
non-trivial in a VE [LR03] The purposeof the experiment
wasto investigateany changesthatoccurredin navigational
behaviour whenthevirtual scenewaschangedfrom low to
high �delity andthe FOV increasedfrom 48 (normalfor a
VE) to 144degrees(wide),andcomparebothbehaviour and
performanceto the earlierreal-world study. First, however,
weoutlinepreviousresearchinto theeffectsof visual�delity
andFOV onspatialtasks.

1.1. Visual �delity and FOV

Waller, Hunt, & Knapp [WHK98] includedvisual �delity
within their conceptof environmental�delity , which is how
closelya VE resemblesits correspondingrealworld scene.
Thecontentof thevisualsceneis oneof theprimarysources
of information that peopleuseto determinetheir position
and orientationwithin a VE. It follows, that changingthe
amountof visual informationavailablewill affect usersbe-
haviour andthatwill, in turn, affect their ability to perform
spatialtasksin aVE. Informationregardingpositionandori-
entationin theVE canbemadeavailablevia texture,includ-
ing landmarkobjectsembeddedwithin textures.Theamount
of that information that is visible at any singlemomentin
time is dictatedby theFOV.

To navigatesuccessfullyparticipantsmustperformsome
degreeof distanceestimationeither from their movement
(pathintegration)or by updatingtheir positionandorienta-
tion fromthevisualscene,oracombinationof both.Therep-
etition(tiling) of certaintextures,suchasabrick pattern,has
beenshown to signi�cantly improve participants'accuracy
whenestimatingdistances[SKD� 99]. However, distancees-
timationswerenot improved with the useof grass,carpet,
or abstractpatternedtextures[WK98] [SKD� 99]. Textures
canalsoenhanceoptic �o w, which hasbeenshown to aid
path integration, prevent disorientation,and helpspartici-
pantslocaterememberedtarget positionsmore accurately.
[KKSB00] [KWDT02]. Texture mapsare a cost effective
methodfor improving thevisualrealismof VEs.Thesetypes
of texturesofteneitherare,or contain,distinctive "objects"
thatactaslandmarksandeliminatetheneedfor themto be
modelledin 3D geometry. The saliency of landmarkcues
hasalsobeenshown to in�uence navigationalperformance.
In this respect,participants'route-�nding accuracy hasbeen
shown to increasewheneveryday(i.e. familiar)objectswere
usedaslocal landmarks,but notwhenabstract(i.e. unfamil-
iar) patternswereusedinstead[RPJ97].

Studiesthat have investigatedthe effect of FOV in VEs

have often suggestedthat a restrictedFOV contributesto-
ward poor spatialperformance.For example,whenpartic-
ipantsjudgedegocentricdistanceswhile wearinga HMD,
they underestimatedthe distanceswhile usinga wide FOV
(140x 90degrees)but overestimatedthedistanceswhile us-
ing a narrower FOV (60 x 38.5degrees;[KW96].

Presentresearchconcentratesprimarily on performance
measuresvery little researchhasattemptedto identify and
measureusers underlying behaviour. However, a recent
study by Czerwinski,Tan and Robertson(2002) [CTR02]
requiredparticipantsto �nd target objectsandmove them
to prede�nedlocationsasquickly aspossible.With a novel
navigationtechnique(thefasterparticipantsmovedforward
thehigherandsteeperthey viewedtheVE) malesperformed
fasterthenfemaleswith anarrow FOV, but with awideFOV
females'speedincreasedto equalthatof males.Dataanal-
ysiswasnot only performedon performanceresults(speed)
but alsoon how participantsachievedthoseresults.Thebe-
haviouralmetricshowedthatmalestravelledhigherthanfe-
maleswith the narrow FOV, while both genderstravelled
higher with the wide FOV. Also in the wide FOV there
were differencesin the use of strategy betweenthe gen-
ders,femalestravelledlessdistanceto achieve a fastertime,
while malestravelledfurther, but quicker, to achieve a faster
time.Thesebehaviouralmetricsshow thedifferentstrategies
adoptedandilluminatehow performanceresultsoccurred.

TherearealsoVE studiesthathaveshown no in�uence of
FOV for spatialtasks.In one,participantsperformedaseries
of trianglecompletiontasksusinga largeprojectionscreen,
andaccuracy wasin�uencedby pathlayoutbut not by FOV
[PMW97]. Anotherinvestigatedparticipants'ability to esti-
mateego-rotations[SPRvdHB02].Therewasno difference
betweentwo FOVs presentedonaprojectionscreen(86x 64
degrees,and40 x 30 degrees),but with bothof thesepartic-
ipantsweresigni�cantly moreaccuratethanwhenthejudg-
mentswereperformedusinga 40x 30 degreeHMD.

2. Experiment

The experimentinvestigatedparticipants'performanceand
navigationalbehaviour whenthey searchedaroom-sizedVE
that containeda visual sceneconstructedusingoneof two
�delities, andwasdisplayedusingoneof two FOVs.Thevi-
sualsceneswereaphotorealisticmodelof asportshall (high
�delity) andamodelwith identicalgeometrybut whichwas
renderedusinga tiled brick texture(low �delity). TheFOVs
were normal (48 degrees;displayedon a single computer
monitor)andwide (144degrees;threemonitorsarrangedin
an arc that subtendedthe sameangle).A 2 by 2 between
participantsdesignwasused,with eachparticipantsearch-
ing the VE while using one combinationof scene�delity
andFOV.

c
 TheEurographicsAssociation2004.



S.Lessels& R.A. Ruddle/ Changesin NavigationalBehaviour

2.1. Method

2.1.1. Participants

Forty two participants(22 femalesand20 males)took part
in the experimentand their agesrangedfrom 21 to 36 (M
= 24.35,SD = 3.07).Two femaleparticipantssufferedfrom
nauseaandwithdrew from the experiment.Presentedhere
aretheresultsof the40 participantswho successfullycom-
pletedthe experiment.All the participantsvolunteeredfor
the experimentandwerepaid an honorariumfor their par-
ticipation.

2.1.2. Materials

Participantstravelled aroundthe VE usinga keyboardand
mouseto interact. Participantscould look up and down,
andtravel forwardin thedirectionthey werelooking (view-
directionmovement).Whenaparticipanthelddown thekey-
board'up' cursorthey movedforwardataspeedof 1 m/sand
stoppedwhenthekey wasreleased.Themousewasusedto
control the participant's directionof view. Looking up and
down wasachievedusingzeroordercontrol;by moving the
cursorupthescreentheviewing pitchincreasedby upto +90
degrees,andtheviewing pitchdecreasedby acorresponding
amountif thecursorwasmoved down the screen.Looking
left andright wasaccomplishedusing�rst ordercontrolwith
therateof turningincreasingproportionallywith thecursor's
distanceawayfrom theverticalcentrelineof thescreen.The
maximumrateof turningwas135degrees/second.

TheVE contained33cylinders,all measuring0.5min di-
ameterand1.35mhigh. Thirty-two werearrangedin eight
identicalgroupsof four, while the 33rd cylinder wasposi-
tionedin thecentre(Figure1).

Figure1: Plan of theVE.

On top of 16 of the cylinders was a white box with a
blue lid that indicateda possibletarget location. Eight of

theboxescontaineda targetobject(a redsquare)while the
remainingeight wereempty (decoy boxes).To ensurethat
targetsanddecoys weredistributedaroundtheenvironment
onebox in eachgroupof four cylinderswasrandomlycho-
senin eachtrial to bethetargetandanothera decoy.

Participantscould raiseand lower the lids of the target
anddecoy boxesby pressingtheleft mousebutton.Pressing
it onceraisedthe lid, andpressingit againloweredthe lid.
If therewas a target presentinside the box the participant
pressedthe right mousebutton to selectit, the target then
turnedfrom red to blue indicating that it had beenfound
andtheVE softwarethenautomaticallyloweredthelid. The
softwarepreventedparticipantsfrom moving awayfrom any
boxuntil its lid waslowered.A lid couldonly beraised,and
a target selected,if the participantwaswithin 0.6 m of the
centreof the box (i.e., they wereadjacentto it) andit was
within theparticipant's FOV.

The high-�delity scenecondition used images of the
sportshall surfacesas textures,thesewere capturedusing
a digital cameraand'stitched'togetherto createsevensep-
aratetextures:eachof the 4 wall textureswere1024x 512
pixels(1.5Mb eachin RGBformat);theceiling texturewas
512x 128pixels(0.4Mb). Onetexturewasusedfor eachof
the25 lights suspendedfrom thesportshall ceiling (0.1Mb
each).The seventhtexture wasusedfor the �oor andcon-
sistedof a repeatedbasetextureandwas2048x 1024pixels
(6.1Mb).

The low �delity VE usedthesame�oor andceiling tex-
turesbut a repeatedbrick 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),but in thelow �delity (brick tiles)
VE all four walls lookedsimilar (Figure3).

Figure 2: Thefour walls of the virtual sportshall (high �-
delityscene.

In thenormal-FOV conditionparticipantsviewedtheVE
via a monitor with a 475 mm x 300 mm viewable screen
size.The resolutionwas 1280x 1024pixels and the hori-
zontalFOV was48degrees.Thewide-FOV conditionsused
the samemonitor as the normal-FOV conditionsbut with
two additionalmonitorsof the sametype and size placed
on its left andright. Eachmonitordisplayed1 of 3 viewing
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Figure 3: Close-upof the brick texture that was repeated
(tiled) acrossall four wallsof thelow �delity VE.

frustumsat a resolutionof 800x 600pixels.Takentogether,
the threemonitorsprovideda continuous144degreeshori-
zontalFOV of the VE, which wassimilar to their physical
arrangement(Figure4). Thedifferencein theviews seenby
theparticipantswith thetwo FOVs is shown in Figure5.

The VE applicationwas written in C++ and OpenGL
PerformerTMandranonanSGIOnyx 3400with aframerate
of 60 Hz. All participantsviewed the monoculardisplayed
VE from a distanceof 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-directionmovementinterfaceun-
til they could �uently usethecontrols.Theparticipantthen
performedtwo practicetrials thatallowedhim or her to be-
comefamiliarwith thesearchtask,andthencompletedfour
testtrials.Eachtrial beganat thestartingpoint in thebound-
aryrecess(Figure1) andparticipantssearcheduntil they had
foundandselectedall eighttargets.They wereinformedthat
thetargetswerealwaysin thewhite boxes,but thattheir po-
sitionschangedbetweentrials.They wereaskedto complete
thetaskasef�ciently aspossibleby minimizing thedistance
travelledandto avoid revisiting possibletargetlocations.

2.2. Results

Participants' performancein each trial was measuredby
recordingthe time they took to �nd the eight targetsand
by calculatinghow closeparticipantscameto conductinga
"perfect search"(i.e. only checkingeachtarget and decoy
once).Participants'behaviour wasmeasuredin threeways:

� by calculatingthe proportion of time spentperforming
differenttypesof action

� classifyingtheir searchstrategy.
� by assessingany errors they madethat preventedthem

from conductinga "perfectsearch"

Statistical analysesof the data were performedusing
mixeddesignANOVAs thattreatedthevisual�delity (brick

Figure 4: Photograph of the 3-monitorsetup(above), and
plan (below).

tiles vs. sportshall) andFOV (normal-FOV vs. wide-FOV)
asbetweenparticipantsfactors,andthetrial numberasa re-
peatedmeasure.Interactionsareonly reportedif they were
signi�cant.

In termsof performance,participantstooklesstimeto �nd
thetargetswith thesportshall thanwith thebrick tiled scene
but thedifferencewasnot signi�cant (M = 168secondsvs.
208seconds,F(1,36)= 2.21,p > .05).Participantsalsotook
lesstime to �nd thetargetswith thewideFOV thanwith the
normalFOV, but againthedifferencewasnotsigni�cant. (M
= 163 secondsvs. 212 seconds,F(1, 36) = 3.29,p > .05).
However a signi�cant learningeffect occurredwith partic-
ipantstaking lesstime to �nd the targetsas the trials pro-
gressed(F(1, 108)= 3.70,p < .05).Themeantime reduced
from 218seconds(trial 1) to 176seconds(trial 4).

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

anddecoy only once[LR03]. However, in the presentVE
experimentonly 51%of thetrialswerecompletedperfectly,
andit wasnoticeablethatparticipantsoftenonly foundsix or
sevenof thetargetsbeforecheckingagainat leastonetarget
or decoy thathadalreadybeenvisited.A repeatedmeasures
ANOVA of thenumberof targetsfoundbeforeany revisita-
tion showedasigni�cant interactionbetweenFOV andscene
�delity (F(1, 36) = 5.24,p < .05),with participants�nding
mosttargetswith thewideFOV/sportshall andleastwith the
wideFOV/brick tiles (M = 7.2vs.6.0).

The numberof targetsfound beforeany revisitation is a
crudemeasureof how closea participantcameto complet-
ing a trial perfectly, so we developeda moresophisticated
metricthatincorporatedtheproximity of a givenparticipant
to eachtargetup until the �rst revisitation.Targetsthathad
beenfoundby this point scoredzero,andthescorefor each
remainingtarget was the closestdistance(x) to the target
so far (Figure8). A repeatedmeasuresANOVA showed a
signi�cant interactionbetweenFOV and scene�delity for
theperfectsearch(F(1, 36) = 4.40,p < .05).Participantsin
thewideFOV/sportshall conditioncameclosestto aperfect
searchwith a meanscoreof 1.18m(SD = 3.07), whereas
thewide FOV/brick tiles groupwerethefurthestaway (M=
5.4m,SD= 9.7).TheothergroupswerenormalFOV/brick
tiles (M = 3.0m,SD= 7.5)andnormalFOV/sportshall con-
dition (M = 4.7mSD= 8.0).

The�rst behaviouralmeasurewastheamountof timepar-
ticipantsspentperformingdifferenttypesof action.For each
trial we calculatedthepercentageof time participantsspent
(i) planningwhereto go at the start of a trial), (ii) travel-
ling aroundtheVE, (iii) stationarybetweentargetsandde-
coys, and (iv) checkingthe target anddecoy boxes.These
datawerethenanalyzedusingrepeatedmeasuresANOVA'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),thanparticipantswhousedanormalFOV. It
follows thatparticipantswhouseda wideFOV spentsignif-

icantlymoreof their timetravelling aroundthanparticipants
who useda normalFOV (F(1, 36) = 5.88,p < .05). (Figure
6).

Figure6: Proportionof timespentonvariousactionsduring
a trial

The secondbehaviour measurewas participantsoverall
searchstrategy. Thepathsparticipantsfollowedwereclassi-
�ed by dividing the VE into four quadrantsandnoting the
orderin which thesewerevisited(Figure7).

Figure 7: Typical perimetersearch (left) and lawnmower
search (right)

A perimetersearchvisitedquadrantsin theorder1-2-3-4-
1 (clockwisesearch)or 1-4-3-2-1(anticlockwise).A Lawn-
mower searchinvolved a sequenceof passesthat crossed
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the VE's centreline,progressingalong the centrelinefrom
onesideof the VE to the other. Two searchesin the tiled-
texture/wide-FOV condition could not be unambiguously
classi�ed asperimeteror lawnmower, andso were termed
as 'other'. Approximatelyhalf of the participantsin every
group completedthe task by using the perimeterstrategy,
while theotherhalf usedthelawnmower strategy. Theseare
the samestrategies as were usedby participantswho per-
formedthesametaskin apreviousreal-world study[LR03]

To explain the dif�culties that participantsencountered,
threecategoriesof errorswhereidenti�ed. This wasaccom-
plishedby dividing aplanof thenavigableenvironmentinto
sectorsusinga Delaunaytriangulationalgorithmthat used
the centreof the cylinders, with additional points on the
boundarywalls and the four corners,as nodepoints. For
eachtrial, targets that were found after one or more tar-
getsor decoys hadbeenrevisitedwereclassi�ed into oneof
thethreecategories,dependingon theparticipant's travelled
pathandits relationshipto theneglectedtarget.A misswas
recordedif theparticipanthadpreviously touchedthecylin-
deronwhich thetarget'sbox waslocated(Figure8a).Local
neglect wasrecordedif theparticipanthadpreviously trav-
elledthroughany of theDelaunaytrianglesconnectedto the
target's cylinder (Figure8b). Global neglect was recorded
for all other errors,indicating that the participanthad not
beenin thetarget's immediatevicinity (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,participantsmadeapproximately
half thenumberof errorsthanparticipantsin boththenormal
FOV/sportshall andwide FOV/brick tiles conditions,anda
third lessthanthenormalFOV/brick tiles condition(Figure
9).Overall,5%of thetargetsweremissed,27%werelocally
neglected,and68%weregloballyneglected.

Furtheranalysisof thepathanddirectionof view of par-
ticipantsduring trials discoveredthat out of the 31 locally
neglectedtargetsin the normalFOV conditionsnoneactu-
ally camewithin the participants'FOV whenthey were in
the targetsimmediatevicinity. This givesanexplanationas
to why so many targets fell into this category of error. It
wasn't thatparticipantsneglectedthesetargets,they simply
didn't seethem(Figure10). However, out of the32 locally
neglectedtargetsin thewideFOV conditions17werewithin
theparticipantsFOV, andall appearedin eithertheleft or the
right screen.Yetdespitebeingvisibleandwithin closeprox-
imity to theparticipantsthetargetsremainedunsearched.

3. Discussion

Thisstudyinvestigatedtheeffectof visualscene�delity and
FOV on participants'navigational ability in termsof task
performanceand behavioural metrics.With the combina-
tion of a wide FOV anda high �delity (sportshall) scene

Figure 8: Examplesof the threetypesof error (a) miss,(b)
local,and(c) global.'x' showsthedistanceusedin the'per-
fectsearch' performancemeasure

participantsweresigni�cantly closerto conducting"perfect
searches"which is whatis known to happenon thevastma-
jority of occasionswhenpeopleperformthesametaskin the
realworld.

Resultsfrom thebehaviouralmetricsshow signi�cant dif-
ferencesoccurredbetweenthetwo FOVs. With a wideFOV
participantsspentproportionallylesstime standingin one
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Figure 9: Typeandmeannumberof errors for the four ex-
perimentalconditions

Figure 10: Plan view showinga participant's path as they
travellednear to a target. Despitetheproximityof thepar-
ticipant to thetarget it did not comewithin theparticipants
FOV andsoremainedunsearched

placeat thebeginningof a trial, betweentargetanddecoys,
and checkingthem, than participantswith a normal FOV.
With a normalFOV, participantsoftenstoodin oneplaceto
look aroundandplanwhich box to searchnext, but a wide
FOV allowedparticipantsto assimilatethescenemoreeasily
simply becausemoreof theVE wasvisibleat any onetime.
It is reasonableto suggestthat if moreof the sceneis out-
sidetheFOV thenit is moredemandingto keeptrackof the
locationsof thepossibletargetsandthis thenrequiresmore
lookingaround.

It shouldalsobe notedthat looking aroundwhile travel-
ling with a view-directionmovementmetaphorcausespar-
ticipantsto veeroff course.This metaphoris theonethat is
mostcommonlyimplementedin VEs,andwastheoneused
in thepresentstudy. By contrast,observationsfrom thereal-
world studyin which participantswalkedarounda physical
versionof theenvironment[LR03] showedthatparticipants
rarelystoppedbetweentargetsandoccasionallydid noteven
stopto checkboxes.

ParticipantssearchedtheVE usingtwo strategies,perime-
ter, or lawnmower. Approximatelyhalf of theparticipantsin
everygroupcompletedthetaskby usingtheperimeterstrat-
egy, while theotherhalf usedthelawnmower. Thechangein
FOV did not changethe frequency of onestrategy over the
other, unlikethereal-world study[LR03] wherethemajority
of participantswho hada normalview of the environment
searchedthe spacewith a perimeterstrategy, while with a
restrictedFOV (20 degrees)the lawnmower strategy domi-
nated.

The errors that preventedparticipantsfrom conducting
perfectsearcheswere classi�ed into threetypes,miss, lo-
cal,andglobalneglect.Participantsin thewide FOV/sports
hall condition had far fewer instancesof local and global
neglect thanthe otherthreeconditions.Errorsoccurredfor
threemainreasons.First,bothlocalandglobalneglectcould
occurwhenparticipantsonly searchedsomeof the targets
and decoys that existed in a tight cluster, whereasin the
real-world participantstendedto exhaustively searchclus-
terswhenthey wereencountered.Second,entireclustersof
targetsweresometimesgloballyneglectedin all theVE con-
ditions, indicating that even with a wide FOV and a high
�delity scene,participantsoftenhaddif�culty remembering
wherethey hadtravelled.Lastly, in thetwo normalFOV con-
ditions all of the locally neglectedtargetswereoutsidethe
participant's FOV whenthey werewithin the targetsimme-
diatevicinity. Thereforeit is unlikely thatparticipantswere
even aware of the targets locationsdespitebeing in close
proximity to them.In the wide FOV condition53% of the
locally neglectedtargetswerewithin the participantsFOV,
andyetthey werestill notsearched.Why wherethesetargets
neglected?It is possiblethatthey whereeithernotnoticedor
participantsbelieved they hadalreadybeensearched.If the
former is true thenit may have beencausedby a dif�culty
participantshadattendingto the large physicalareaof the
three-screendisplay. If the latter is true then oneexplana-
tion might be that the participantswhereunableto assimi-
late the spatialinformationpresentedby the threeseparate
screensinto one useablerepresentationof the sportshall.
Eventhoughmoreinformationwasavailablethey couldnot
keepthepositionsof thetargetsupdatedwith their own po-
sitionandorientationasthey travelledaroundtheVE.

In conclusion,thepresentstudyshowsthatashift towards
real-world navigationalbehaviour occurswhena wide FOV
is combinedwith aphotorealisticscene.However, evenwith
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this combinationof factors,performanceremainssubstan-
tially below thatwhichoccursin therealworld. In turn, this
implicatesthe likely importanceof more �e xible forms of
movementfor ef�cient VE navigation.
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