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Abstract

Level of detailrenderingreduceghe geometriccomplexity of ob-
jectsin virtual reality in orderto reducethe computationaload on
therenderingsystem.Althoughthe resultantincreasen rendering
speeds desirablethebehaioral consequencesf thesetechniques
for humansperformingrealistictasksin complex virtual erviron-
mentsare not well understood. The currentstudy examinesthe
behaior of humanobsenrersin virtual ervironmentsrenderedis-
ing a gaze-contingenlievel of detail criterion. This methodtakes
adwantageof the fact that the visual sensitvity of the humanvi-
sual systemis greaterat the point of gazethanin the periphery
by renderingobjectsin the peripherywith lessdetail thanobjects
at the point of gaze. In the experiment,participantsperformeda
“virtual search"task,i.e. a visual searchtaskwhereparticipants
arerequiredto panthe viewportto nd atargetobjectamongdis-
tractorsin a virtual ervironment. Gaze-contingentenderingwas
emplored wherethe level of detail droppedcontinuouslyfrom the
point of gaze. Thetime to detectandlocalizethe targetwas mea-
suredas a function of the rate of declinein visual detail. Frame
rateswereallowedto increasavith decreasingletail, thuskeeping
computationaload approximatelyconstant.Reactiontimesto de-
tectthetametincreasedvith decreasingletailwhile reactiontimes
to localize the target decreaseavith decreasingletail. Thesere-
sultssuggesthatreduceddetailimpedegargetidenti cation while
theincreasedrameratesdueto thereductionin detailfaciliatesin-
teractionwith virtual ervironments.Overall, theseresultsindicate
that the behaioral performancecostsof gaze-contingenievel of
detailtechniqueganbeoffsetby thebehaioral performanceyains
dueto increasedenderingspeed.

CR Categories: 1.3.6 [ComputerGraphics]: Methodologyand
Techniques—Interactiohechniques;

Keywords: Level of Detail, Visual SearchVirtual Reality, Vari-
ableResolution

1 Introduction

Much effort hasbeenfocusedonthedevelopmenbf ef cient meth-
odssuitablefor reducingthe compleity of geometricnodelsused
in virtual reality applications Thesemethodseducethe geometric
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Figurel: The edgein meshA thatspansfrom vertex to is
the smallestedgein the meshandis thereforecollapsedo a single
vertex  in meshB.

compleity, or level of detail (LOD), of modelsin orderto reduce
the computationatesourcesequiredto renderthe virtual environ-
ment. The saved resourcesan be utilized to increaserendering
frame ratesor can be shifted to other computationallyintensive
tasks.

Level of detail renderingtechniquedake advantageof the fact
thatmuchof athreedimensionamodel’s geometriaetailis unnec-
essaryundercertaincircumstances For example, distance-based
level of detail manipulationsreducemodel compleity whenthe
modelis distantfrom the viewer and thereforeonly visible in a
small portion of the visual eld. Distance-basedkevel of detail
renderinghasbeensuccessfullyimplementedn ight simulators
sinceoriginally conceved [2]. Similarly, real-timeviewpoint de-
pendentsimpli cation methodshave beendevelopedthat reduce
modelcompleity in partsof the modelthatare hiddenwhenren-
deredfrom a particularvantagepoint[7, 10, 24]. Commonto both
of thesemethodsis that they take adwantageof the speci c geom-
etry of the virtual ervironmentto determinethe renderedevel of
detail.

Recently anotherclassof level of detail renderingtechniques
hasbeendevelopedthattakesadwantageof the way the humanvi-
sual systemprocessesnformation. Thesetechniquesexploit the
fact that the sensitvity of the visual systemto detail canvary in
differentsituations. For example,the visual systemhasa reduced
sensitvity to the detailsof moving stimuli [12, 1]. Velocity-based
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Figure2: Therelationshipbetweerthe numberof verticesandthe
total costof renderinga mesh. Note that the costis a non-linear
function of the numberof verticesin the model,which variesfrom
objectto object.

level of detail techniquedake advantageof this fact by rendering
moving objectsin lessdetail thanstationaryobjects[5, 16, 17]. It
is alsowell known thatvisual sensitvity to detail falls off rapidly
in the visual periphery[21]. Gaze-contingentevel of detail tech-
niguestake advantageof this fact by renderingmodelsusingless
detailin the peripherythanat the point of gaze[14, 11, 13]. This
techniquaequiresghatthe pointof gazebetrackedin real-time but
the potentialcomputationakarings using sucha techniqueis one
order of magnitude,or greatey dependingon display parameters
suchassizeandresolution[15].

Thedevelopmenbf level of detailreductiontechniqueshatrely
on perceptuatriteriapromisedo furtherreducethe computational
requirementdor virtual reality systems. Unfortunately little re-
searchhasbeenconductedo examinethebehaioral consequences
of suchmanipulationswith realistictasksandin complex virtual
environments. The humanvisual systemis a comple, non-linear
systemand thereforedetailedbehaioral evaluationsof thesedis-
play techniquesmustbe conducted.The currentstudyis the rst
of which we areawareto examinethe behaioral consequencesf
agaze-contingerlevel of detailrenderingtechniquewith realistic,
interactive virtual enviromentsandnaturalbehaioral tasks.

We examinebehaioral performancen a “virtual searchtask,
a paradigmsimilar to thetraditionalvisual searchparadigmwhere
participantsarerequiredto searchfor a speci ed targetitemin a
display The virtual componentof the task requiresthat partici-
pantssearcha complex threedimensionabirtual ervironmentfor
a target object. The virtual ervironmentsusedin the experiment
area seriesof single-roomhomeinteriors (seeFigure5). Partici-
pantsare always centeredn the room andallowed to rotate(pan)
theviewportusingamousein orderto nd thetargetobject.

Theexperimentexamineshehaioral performancecrossarange
of level of detailsconditions. In all conditions,the instantaneous
level of detailof anentireobjectis determinecdy thedistancefrom
theobjectscenterof masso the pointof gaze. Thedeclinein detail
from the point of gazeis continuous,andthe rate of declinewas
experimentallyvaried. Thetime to detecta targetobjectandsubse-
quentlylocalizethetargetwasmeasuredsa functionof therateof
declinein visualdetail.

Level of detailtechniquesree up computationatesourceoth-
erwiseusedin traditional uniform resolutiondisplays. The most

Figure3: Therelationshipbetweerthe numberof verticesandthe
normalizedevel of detail of the object. Note thatthe relationship
is non-linearandfor somemodelsthelevel of detail remainshigh
until alargenumberof verticeshave beenremoved fromthemodel.
Thisis especiallytruefor modelswith large numbersof vertices.

immediateuseonecanmale of theseresourcess to increasdrame
renderingrates. In the presentexperimentwe allow frame rates
to vary and thereforekeep the computationalresourcesequired
to rendereachcondition approximatelyconstant. The behaioral

effects of this combinedreductionof peripheralvisual detail and
increaseof temporalresolutionwill be examined. Becauseslow

systemresponsienesshasbeenshavn to be detrimentalwhenin-

teractingwith virtual ervironments[23], it is predictecthatthein-

creasedrameratesassociateavith low levelsof detailwill amelio-
rateperformancehatrequiressuchinteraction.

2 Level of Detall

Level of detailmanipulationsvereimplementedisingasimplever-
tex decimationalgorithmthat collapsegwo verticesconnectedy
anedgeinto onesinglevertex (seeFigurel). Vertex decimationis
a widely usedtechnique[18, 20, 8] andcanbe usedto producea
progressie meshrepresentatioff]. A progressie meshis essen-
tially alinkedlist of verticesthatindicatesthe successie orderof
edgecollapsesrom the highestto the lowestlevel of detail. This
linked list canbe precomputedrior to run time andthereforeaf-
fords rapid selectionof mary levels of detail at rendertime. A
progressie meshrepresentatiois usedfor all modelsin this study
All meshcollapsesequenceareprecomputegbrior to runtime.
Typically, vertex decimationproceedsy selectingthe edgesof
lowestcostto collapserst. Edgecostdepend®n a costfunction.
A wide variety of parameterganbe usedto determinethe costof
collapsingan edgeincluding the edgelength, local curvature, lo-
cal color or texture differences. In general,theseparametergan
greatly affect the visual quality of a simpli ed mesh. As to now,
thereis no unambiguousneasurehat capturesall aspectsof the
visual quality of a simpli ed mesh(althoughsee[17, 9] for candi-
datemeasures)Rather mosttechniquedocuson someaspectof
geometric delity . For the purposef simplicity and generality
we usea costfunctionwherethe costto collapsean edgeis solely
determinedy the lengthof thatedge. Therefore the total costas-
sociatedwith a simpli ed modelis the sum of the costsof each
collapsededge,or in otherwordsthe sumlength of all collapsed



edges.

One requirementfor using level of detail basedtechniquesn
comple virtual environmentsis that model compleity must be
varied consistentlyacrossall objects. Using the progressie mesh
representationit might be appealingto usea x ed percentagef
verticesto represena givenlevel of detail. Unfortunately this has
undesirableconsequenceskor example,remaving 50 percentof
theverticesfrom anovertesselatedneshwith 10,000verticesmay
not be visually disturbing,but on the otherhand,removing 50 per
centof the verticesfrom a modelwith only 100 verticeswould be
very visually disturbing.

An alternatve is to usea givencostto represenalevel of detail.
Unfortunatelyagain, this hasunappealingconsequencesShavn
in Figure2 is the relationshipbetweenthe numberof verticesand
the total costfor six objectsusedin the experiment. As canbe
seenthe objectsvary greatlyin their total numberof verticesand
consequentfythe total costassociatedvith eachobjectalsovaries
greatly Additionally, thetotal costis a functionof therelative size
of theobject,with largerobjectsincurringagreatercost. Choosing
an absolutecostlevel to representevel of detail still resultsin a
greatewisualdisturbancdor comple objects.

The solutionwe devisedto this problem(i.e. to producea per
ceptually constantsimpli cation acrossobjectsthat vary incom-
plexity, sizeand geometricconstruction)is to normalizethe total
costof ameshata givenlevel of detail by the costassociatedavith
the lowestlevel of detail (a meshof threevertices). For instance,
Figure 2 shavs that the costof reducingthe“Pitcher” objectfrom
its maximalnumberof vertices(about1500)to the lowestlevel of
detail of approximately28,000lengthunits. Thus,we de ne the
level of detail of a reducedversionof this objectasthe sumof the
lengthof all its edgedividedby 28,000.1t is clearthatthis number
is betweerD (lowestlevel of detail)andl (highestlievel).

As canbeseenin Figure3, this normalizationproceduresenes
to equatemodelsof differentcompleity. This canalsobe seenin
Figure6 wherefour levels of detailareshavn for a setof objects.
As expected)ow levelsof detailtendto have few verticesandhigh
levels of detailtendto have morevertices. Note thatat ary given
level of detail, the numberof verticesrenderedvariesacrossob-
jects. High compleity objectscan withstandthe elimination of
mary moreverticesthanlow compleity objects.

This transformationis not perfectandit could be improved by
using more perceptuallyvalid cost measures.Doing this would
mostlikely increaseghenumberof verticesthatcouldbeeliminated
for agivenperceptuatuality. Suchefforts mayfurtherincreasehe
computationaéf ciency of level of detailtechniques.

3 Gaze-Conting ent Level of Detalil

Gaze-continentevel of detail reductionwasimplementedy relat-

ing therenderedevel of detailof eachobjectto thedistanceof that
objectto the instantaneougoint of gaze. As shavn in Figure 4,

level of detaildecreaseBnearly asthe distancefrom the rendered
objectto the point of gazeincreasesA minimum level of detail of

0.10wasmaintainedn eachcondition.

Six experimentakonditionswereexaminedcorrespondingo six
differentratesof LOD decline.Detail droppedasthedistancefrom
the point of gazeincreasedt a rateof 0.00,0.02,0.04,0.06,0.10
or 0.20LOD unitsperdegreeof visualangle.

Pilot studiesndicatedthatnoisein themeasuremendf the point
of gaze typically lessthanl degreeof visualangle,in combination
with thegaze-contingerevel of detailrenderingcauseda visually
disturbingeffect. This effect canbe characteriseésshimmering
andwasmostlik ely amotionsignalthatwasstrongin theperipheral
visual eld. Random uctions in the measurecoint of gazedue
to noisecausedhe numberof verticesin eachobjectto uctuate
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Figure4: Therelationshipbetweertherenderedevel of detailand
thedistancdrom the pointof gazein eachof theexperimentakon-
ditions.

rapidly. This uctuation resultedin vertices“popping” in and out
of themesh.

To reducethis visually disturbing effect a thresholdwas im-
posedon the point of gaze. The point of gaze,asrelevantto the
gaze-contingentendering,was consideredo have moved only if
it hadsurpassed criteriondistanceof 1.5 degreesof visualangle.
This thresholdfor the most part eliminatedthe disturbingeffects
dueto noise. “Popping” in or out of verticesstill occuredwhen
the obserer xated alocationandpannedthe displayat the same
time, causingthe distancefrom eachobjectto the point of gazeto
changeThis effectwaslessvisually disturbingthanthatcausedy
thenoise,andthisfactis mostlikely dueto thereducedvisual sen-
sitivity to thedetailsof moving objects.Notethatwhenparticipants
pannedhe displayandcontinuedto xate anobject(ratherthana
location)usingsmoothpursuiteye movementsthedistanceo each
objectandthe point of gazewas constantandthereforeno visual
disturbancesvere present. Tracking objectsusing smoothpursuit
eye movementswhile the displaywaspannedvasa commonstrat-
egy adoptedby participants.

4 Methods

4.1 Participants

SixJohnsHopkinsstudentsverepaidfor participationin theexper
iment. All participantshad normal or corrected-to-normavbision
andall werenaive with respecto the purposeof the study

4.2 Apparatus

Virtual ervironmentswere renderedusingthe Unreal  render
ing engineon an 1Ghzlntel Pentiumlll basedpersonalcomputer
using an Elsa Gladiac GraphicsAdapterwith 32MByte of video
memory All ervironmentswere presentedull-screenon a stan-
dard 17 inch computerscreenat a resolutionof 800 by 600 pixels
at avideorefreshrate of 60hz. Participantswere seatecat normal
viewing distance from the computerscreen the viewable
portion of which subtende®0.0 of visualanglehorizontallyand
22.4 vertically. Participantsnteractedwith theervironmentusing
a standardight-handedthree-tutton mouse. The viewport of the
virtual ervironmentcould be rotatedby maoving the mouseleft or
right, controlling yaw, aswell asby moving the mouseforward or



Figure5: Four differentviewpointsof onevirtual homeinterior usedin the experiment. Thesefour views of eachspanthewholeroom
( ). Eachview is drawn usingthe highestlevel of detail (1.0).

Figure6: The 10tamgetobjectsareshavn at4 levels of detail.



backward, controlling pitch. The renderedeld of view spanned
of visualanglein thevirtual ervironment.

4.3 Eye Tracking

An ISCAN modelRK-416 eye tracker wasusedto monitoreye po-
sition. This modelis arealtime digital imageprocessothattracks
the centerof the participants pupil and measureds sizefrom an
infrared video image of the participants eye. The unit automati-
cally computeghe positionof the pupil over the two-dimensional
matrix of the eye imagingcamera.Pupil coordinatesanddiameter
are computedat a rate of 60Hz. A bi-cubic nonlinearinterpola-
tion (cubicin both horizontaland vertical dimensionspetweena
grid of nine calibrationpointswasusedto calibratethe eye tracker
[19]. Thisprocedurehelpedto minimizeerrorsfrom non-linearities
dueto infraredsourcere ections. Additionally, the calibrationwas
adjustedusinga procedurenvherean eye samplefrom the xation
pointatthebeginning of eachtrial, just afterviewing thetargetob-
jectandjustprior to enteringeachvirtual room,wasusedo re-align
the original nine point interpolation. A customchin restwasused
to minimize eye trackingartifactsdueto headmovements.

4.4 Stimuli

The virtual ervironmentswere constructedby using polygonal
meshobjectsfrom awide rangeof sourceontheInternet,presum-
ably generatedising different methodsand/or software. To that
point, the compl«ity of the modelsdiffersgreatly The numberof

verticesin themodelsrangefrom 100to 6005with ameanof 1730
vertices(SD=1617).In addition,thetopologyof themeshewaried.
Somemeshewverea singularpiecewith no holes(e.g. the vasein

gure 6) while othershada numberof disconnectegarts(e.g.the
leavesof theplant). Oneconsequencef this factis thatheavily re-

ducedmeshesometimesappearedo have two disconnectegharts
(e.g.theteapotandits handlein Figure6).

A totalof ve differenthomeinteriorswerecreatedor this ex-
periment.Eachhomeinterior containedhe samesetof objects but
arrangedlifferently All homeinteriorswereof the samephysical
dimensionsandthe participants virtual positionwasalwaysin the
exactcenteroftheroom. Participantscould controltheviewportro-
tationbut nottheir virtual position. Objectswereplacedalongeach
of thewalls in a way that gave asnearaspossiblea normalhome
interior appearance No objectswere placedin the centerof the
room. Becausahe compleity, andthereforetherenderingtime, of
eachobjectvaried widely, someeffort was madeto distribute the
objectsuniformly acrosgheroomwhenthey werecreatedsoasto
maintainanapproximatelyconstanframeratefrom ary view. The
distribution of objectscanbe seenin gure 5 wherefour different
viewpointsof the samehomeinterior areshown.

45 Task

The virtual searchtask requiresparticipantsto searchfor a target
objectin avirtual ervironment.Our virtual searchtaskdiffersfrom
traditionalvisual searchparadigmsbecauset involvesnot only a
sensorycomponentj.e. detectinga visual stimulus,but alsoa mo-
tor componentj.e. controllingthe viewport. Tentargetobjectsof
similar visualappearancevereselectedrom the objectsthatwere
containedn eachhomeinterior. All targetsareshavn in Figure6.
Notethatthevisualsimilarity of thetargetsincreasessthelevel of
detaildecreasesThisis primarily dueto thelossof smallde ning
featuresfor example,the loss of the handleon the pitcheror the
teapot.

Psychophysicatvidenceindicatesthat color can be ef ciently
usedto guideattentionin visual searchparadigmd4]. If the task
examineddoesnotcritically dependnthevisualform of thetarget

but ratheron the color of that target, little or no effects of vary-

ing the level of detail shouldbe found. By remaoving the ability

of color to guidethe searchthe taskbecomesnore dependenbn

form, andmore likely to be sensitve to level of detail manipula-
tions. To limit the ability of participantsto usecolor information

ratherthanform information, all objectsin the ervironmentswere

renderedn shadesof gray Although the rangeof objectshades
variesfrom targetto tamget, no target was uniquely de ned by its

shadeof gray The potentialfor taskdemandso interactwith the

behaioral effectsof level of detail manipulationss itself interest-
ing andwill be examinedin future studies.

4.6 Procedure

At the beginning of eachtrial, a nine point eye tracker calibration
wasconducted.Then,a tamget objectwasrandomlyselectedrom

10possibletamgetobjects(seeFigure6) andpresentedo the partic-
ipanton a blank screen.The objectwascontinuallyrotatedabout
all threeaxes suchthat participantshad a chanceto view the ob-

ject from all directions. The target objectwas presentedintil the
participantpressedhe left mousebutton at which time the target
disappearedndwasreplacedby a centrallylocated xation cross.
Participantswere instructedto xate the crossand pressthe left

mousebuttonto begin thetrial.

Oncethetrial began,thevirtual ervironmentwasdisplayed Par-
ticipantswereinstructedo nd thetamgetasquickly aspossibleand
respondhatthey haddetectedheobjectby clicking theleft mouse
button. After this rst response greencrosshairappearedat the
centerof thedisplay Participantswererequiredto localizethetar
getby panningthedisplaysothatthecrosshaiwasalignedwith the
targetobjectandsubsequentlpressinghe left mousebutton. Par
ticipantsweretold thataccurag wasimportantfor the localization
response.

4.7 Experimental Design

A total of six experimentalconditionswereexamined,eachwith a
differentrateof LOD decline.Frameratesvereallowedto vary and
increasedvith increasingatesof LOD decline(seeResults).Each
participantcompleteda total of 180trials. Eachof the 5 different
homeinteriorswaspresenteih eachof the6 differentexperimental
conditionsatotal of 6 times. Experimentatonditionswereselected
for eachtrial in arandomorder

5 Results

Meanreactiorntime to detecthetargetobjectswascalculatechased
only onthosetrials wherethesubsequenrbcalizationresponsevas
accuratewithin plus or minus 2 degreesof visual angle. In addi-
tion, ary trials whereparticipantsrequiredgreaterthan5 seconds
to localizethe targetafter signalingdetectionwereexcluded. This
eliminatedary trials whereparticipantamay have falsealarmedon
the detectionresponséout tried to localize the correcttarget. Us-
ing thesecriteria, accurag was, on average,97 percentand did
not signi cantly differ as a function of the rate of LOD decline

Mean reactiontime to detectthe tamget object was calculated
for eachparticipant.The detectiorntimesincreasedvith increasing
ratesof LOD decline F p . Thisis shavn
in Figure7 asthe meanacrosarticipantglus or minusonestan-
darderror of thatmean.A regresssioranalysiswasconductecand
aline of bestt wascalculatedor reactiontimesasa function of
therateof LOD decline.A signi cant slopeof 71 msper0.01lunits
of LOD declinewasobtained F p .

Meanreactiontime to localize the target objectwas calculated
for eachparticipant. Time to localize the target was measured
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Figure7: Meanreactiontimesto detectthe target. Reactiontimes
increasewith greaterratesof LOD decline.(Errorbars= 1SE)

from the time of detectionto the time which participantsplaced
a crosshairon top of the target and respondedising the mouse.
Localizationtimes decreasavith increasingratesof LOD decline
F p . This is shavn in Figure 8 asthe
meanacrossparticipantsplus or minus one standarderror of that
mean.
Meanframerenderingimeswererecordedn eachconditionand
the resultsare shawvn in Figure9. Rendertimes decreasedvith
increasingatesof LOD decline F p

6 Discussion

The aim of this studywasto examinegaze-contingenievel of de-
tail renderingtechniquesusing realistic, interactve virtual ervi-
ronmentsand naturalbehaioral tasks. Detectionandlocalization
timesweremeasuredavhile participantperformedvisual searchof
interactve virtual environmentsrenderedusing a gaze-contingent
level of detailtechnique.

A signi cant slowing of target detectiontimeswasobsenred as
a function of the renderedevel of detail. Targetswere harderto
detectwhenthe peripherallevel of detailwaslow. This effect can
potentiallybe attributedto threeaspectof thereducedevel of de-
tail manipulation. First, reductionof the renderedevel of detail
reduceghevisualdistinctivenesof objects.As canbeseenin Fig-
ure 6, targetsimilarity increasesith decreasingletail. As tamget-
distractorsimilarity increasesso doesvisual searchdif culty [3].
Along similar lines, the reducedlevel of detail may affect object
recognitionin general. This interpretationis supportedoy the re-
sultsof Watson FriedmanandMcGaffey (2000)thatindicatethat
objectnamingtime is sensitve to modelsimpli caton. Lastly, dy-
namiclevel of detailtechniquesntroduceavisible ick erduetothe
appearancer disappearancef verticesaslevel of detail changes.
This ick er maybe strongemwhenthe level of detailin the periph-
eryis low andcauseslowing.

A signi cant decreasef targetlocalizationtimeswasobsered
asa function of the renderedevel of detail. Tagetswere easiler
to localizewhenthe peripherallevel of detailwaslow. This effect
is mostlikely dueto the increasean frameratesthataccompanied
thelow level of detail. Thetime to rendera framein thefull detail
conditionwas108 ms (i.e. 9.2 fps) whereasn the conditionwith
the mostsigni cant reduction,the time to rendereachframewas
only 18 ms (i.e., 56 fps). This signi cant increasein framerates
leadto adecreasén localizationtimesof approximately800ms.
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Figure8: Meanreactiontimesto localizethetarget. Reactiortimes
decreasavith greateratesof LOD decline.(Errorbars= 1SE)
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Figure9: Meanframerenderingtime asa function of the rate of
level of detaildecline.(Errorbars= 1SEandaresmallerthansym-
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Theresultsof thisstudyarerestrictedn thatonly onelevel of de-
tail reductiontechniquevasexamined.A simplevertex decimation
techniquewvasutilized wherethe costfunctionwassoley afunction
of edgelength. The ability of this reductiontechniqueto maintain
a high degreeof perceptualuality for heavily reducedmodelsis
limited. Edgedecimationis a widely usedtechniqueandsenesas
the basisfor mary moresophisticatedeductionalgorithms.Thus,
theoverall results,whichindicatea slowing in detectiontimesand
a speedingf localizationtimeswith moredrasticlevels of reduc-
tion, likely generalizéo mary otherreductiontechniqueswhile the
magnitudef the reactiontime costsmay be smallerfor moreso-
phisticatedreductiontechniqueslt is expectedthatthe useof other
reductiontechniquespoth view independenandview dependent,
will increasethe bene ts while limiting the costsassociatedvith
level of detailrenderingechniques.

The goal of this study was to examine the behaioral conse-
quencesof using gaze-contingentevel of detail renderingtech-
niques. The primary nding is thatvirtual searchperformances
impairedastherenderedevel of detaildecreasebut thatthe gains
in localizationperformancelueto theincreasedenderingratecan
offsetthe detectioncostsassociatedavith the reducedvisual detail.



Theseresultssuggesthatgaze-contingerevel of detailrendering
techniquesepresena viablefuturetechnology
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