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ABSTRACT

This papercontributesto the nascentbody of literatureon
pointing performancein Virtual Environments(VEs), com-
paringgaze-andhand-basedpointing. Contraryto previous
�ndings, preliminaryresultsindicatethat gaze-basedpoint-
ing is slower thanhand-basedpointingfor distantobjects.

Intr oduction

In their study of interactive object selectionin Virtual En-
vironments(VEs), Tanriverdi and Jacobtestedgaze-based
pointingagainstmoreconventionalhand-basedpointingus-
ing a magnetictracker worn on a ring aroundthe partici-
pant's �nger [4]. Experimentalproceduresincludedselec-
tion of “close” and “distant” objectsin VR. Resultsindi-
catedthatperformancewith gaze-basedpointingwassignif-
icantly fasterin the distantVE (no performancedifference
wasfoundin thecloseVE).

While Tanriverdi andJacob's experimentis oneof the �rst
to objectively examinegaze-basedinteractionin VR, hand-
basedinteractionappearsto have beenbasedon the arm-
extensionparadigm.Comparisonof pointing basedon ray-
casting(gaze-based)with arm-extension(hand-based)may
not necessarilybe fair (e.g., Bowman and Hodgesclassify
andtestinteractivepointingtechniquesin termsof arm-extension
and ray-castingbut do not report any speedadvantagebe-
tweenthetwo methods[1]).

We extend the work of Tanriverdi and Jacoband compare
gaze-basedandhand-basedpointingreplicatingtheirexperi-
mentalparadigmexceptfor two importantdistinctions.First,
we employ a ray-castingapproachfor hand-basedselection.
Ray-castingtechniquesmake use of a virtual light ray to
selectan object, resultingin the user's wielding of a “vir -
tual wand” with which s/hecanselectobjectsat nearor far
distances(seeFigure 1). Second,insteadof a planar tar-
get arrangement,aswhat appearsto have beenmodeledin
Tanriverdi andJacob's VE, we distributeour virtual objects
abouta360� truncatedspheresurroundingtheparticipant.1

1A planararrangementof objectsmaynot afford full heador bodyrota-
tion, at leastin thedistantenvironment,in our opinionnegatingtheimmer-
sivebene®tsof VR.
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Figure 1: Userwearing HMD wielding “virtual wand”.

Methodology
Apparatus: OurVE isdrivenbya1.5GHzdual-CPULinux
PCwith 1 G RAM andanNVidia GeForce4Ti 4600graphics
card.Multi-modalcomponentsincludeabinoculareyetrack-
ermountedwithin aVirtual ResearchV8 HeadMountedDis-
play (HMD). HMD positionandorientationis provided by
anAscension6 Degree-Of-Freedom(6DOF)FlockOf Birds
(FOB).A 6DOFtracked,hand-heldmouseprovidesameans
to representa virtual tool for theuserin VR (seeDuchowski
etal. [2] for details).

Interaction Techniques: WeuseOpenGL'sselectionbuffer
to implementgaze-basedpointingfrom eye trackedPointOf
Regard (POR)coordinates.Visual feedbackis given in the
form of a small dot (similar to a laserpointer)at the user's
POR.Figure2 (left) shows an instanceof a selectedobject
with thegazedot just visible on themiddlepartof theletter
target. Dwell time is usedto indicateselection,avoiding the
well-known MidasTouchproblem[3].

Hand-basedpointingis implementedfollowing theray-casting
approach.Usershold a 3D-trackedmouseandselectobjects
in VR by pointing the virtual wand(seeFigure1). The tip
of thewandchangessizein relationto its distancefrom the
userandchangescolorwhenthewand's intersectionwith an
object is detected.To selecta currently intersectedobject,
the userpressesthe right button on the 3D-tracked mouse.
The wand is representedby a blue line andcanbe seenin
Figure2 (middle).2

2 In preliminarytrials we observed that a simpledot (asusedfor gaze-
basedfeedback)gave users trouble controlling the depth of the wand



Figure 2: Gaze-(left) and hand-basedselectionwith “virtual wand” (middle); search time performanceresults(right).

Stim uli: Our VE consistsof 20 objectsrenderedat ran-
domlypredeterminedlocationsequidistantfromtheuser. Close
objectsare distributed with constantradiusroughly corre-
spondingto arm's length;distantobjectsaredistributedwith
constantradiusbeyondarm's reach.Objectsrandomlytake
oncolorandoneof 5 possibleshapes:frustum,sphere,cube,
cone,oranelongatedrhomboid(resemblingatop). Whense-
lected,anobject'sshapefadesto reveala �at squaremapped
with arandomlyassignedsans-serifblack-on-whiteletter(rang-
ing from A-N), asshown in Figure2.

Participants: Twenty-four participants(17 m/7 f) volun-
teeredto take part in the experiment,all undergraduateor
graduatestudents,with agesrangingfrom 19 to 34 (average
age23). All successfullycompletedthe experiment(none
wereeliminateddueto unsuccessfuleye trackercalibration).

Experimental Design: Independentvariablescontrolledin
theexperimentwereselectionmodality(gaze,wand)andob-
ject distance(close,distant). A within-subjectsdesignwas
usedfor interactiontechniquesand a between-subjectsde-
signwaschosenfor objectdistance,i.e.,half theparticipants
(randomlyassigned)interactedwith closeobjectsand half
with distantobjects.A Latin squarewasusedto counteract
interactionmodalityorderingeffects.Eachparticipantcom-
pleted4 trials per interactionconditionresultingin 8 trials
perperson.

Procedure: Unlimited trainingtime wasprovidedprior to
commencementof eachtrial. Instructionswere given for
the participantto attemptto locatethe given target letter as
quickly aspossible.For gaze-basedpointing,a short5-point
eye tracker calibrationsequencewasperformedbeforedis-
play of theVE. At eachtaskcommencement,theparticipant
was asked to assumean initial position and orientationby
aligningablueball targetin thecenterof view.

pointer—this is probablydueto the wand's introductionof additionalde-
greesof freedomthat the usermustcontrol. Moreover, unlike with gaze,
the usermustcomputeadditionalgeometrytransformationin their minds
to point the wandpointerat the desiredtarget object. For this reason,we
provided additionalfeedbackby drawing the wandvectorin an attemptto
equatethetwo ray-castingpointingmodalities.

Results
Figure 2 (right) gives descriptive statisticsfrom measure-
mentsof thedependentvariable(timetocompletetask).Com-
paringperformancescoresusingpair-wiseANOVA, we no-
ticedasigni�cant differencein performancein thedistanten-
vironmentbetweengaze-andhand-basedpointing(F[1,190]
= 5.15,p< 0.05),suggestingslowergaze-basedperformance.3

Discussion and Conc lusions
Wedid not �nd aclearperformanceadvantageof gaze-based
pointingover hand-basedpointing; insteada signi�cant per-
formancedecreasewasobservedin thedistantobjectcondi-
tion. We believe our resultscontradictpreviousresearchpri-
marily becauseof our useof ray-castingfor bothgaze-and
hand-basedpointing, i.e., our resultsespousethe similarity
betweenthetwo pointingstyleswhenbothuseray-casting.

Basedonpreliminaryanalysis,ourrecommendationfor point-
ing in VR is asfollows: for performancecomparableto gaze-
basedpointing with the hand(e.g., whenan eye tracker is
unavailable),useray-castingbut notarm-extension.
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