Gaze- vs. Hand-Based Pointing in Virtual Environments

Nathan Cournia, John D. Smith, Andrew T. Duchowski
Departmenbf ComputerScience ClemsonUniversity
f acnatha jsmith6j andrewd g@vr.clemson.edu

ABSTRACT

This papercontributesto the nascentbody of literatureon
pointing performancen Virtual Environments(VES), com-
paringgaze-andhand-basegointing. Contraryto previous
ndings, preliminaryresultsindicatethat gaze-basegboint-
ing is slowerthanhand-baseg@ointingfor distantobjects.

Intr oduction

In their study of interactize objectselectionin Virtual En-
vironments(VESs), Tanriverdi and Jacobtestedgaze-based
pointing againstmore corventionalhand-basegointing us-
ing a magnetictracker worn on a ring aroundthe partici-
pants nger [4]. Experimentalproceduresncludedselec-
tion of “close” and “distant” objectsin VR. Resultsindi-
catedthatperformancevith gaze-basegointingwassignif-
icantly fasterin the distantVE (no performancdlifference
wasfoundin thecloseVE).

While Tanriverdi and Jacob$ experimentis one of the rst

to objectively examinegaze-basedhteractionin VR, hand-
basedinteractionappeargo hase beenbasedon the arm-
extensionparadigm. Comparisorof pointing basedon ray-
casting(gaze-basedyvith arm-etension(hand-basedjnay
not necessarilybe fair (e.g., Bowman and Hodgesclassify

andtestinteractve pointingtechnique$n termsof arm-etension

and ray-castingbut do not reportary speedadwantagebe-
tweenthetwo methodqd1]).

We extend the work of Tanriverdi and Jacoband compare
gaze-basedndhand-baseg@ointingreplicatingtheir experi-

mentalparadigmexceptfor two importantdistinctions.First,

we employ aray-castingapproactor hand-basedelection.
Ray-castingtechniquesmale use of a virtual light ray to

selectan object, resultingin the users wielding of a “vir -

tual wand” with which s/hecanselectobjectsat nearor far

distanceqseeFigure 1). Second,insteadof a planartar

get arrangementas what appeargo have beenmodeledin

Tanriverdi and Jacobs VE, we distribute our virtual objects
abouta 360 truncatedspheresurroundinghe participant:

1A planararrangementf objectsmay notafford full heador bodyrota-
tion, atleastin the distantervironment,in our opinionnegatingtheimmer
sive bene®tof VR.
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Figure 1. Userwearing HMD wielding “virtual wand”.

Methodology

Apparatus:  OurVE isdrivenbyal.5GHzdual-CPULinux
PCwith 1 G RAM andanNVidia GeForce4Ti 4600graphics
card.Multi-modalcomponentincludeabinoculareyetrack-

ermountedwithin aVirtual Researciv8 HeadMountedDis-

play (HMD). HMD positionand orientationis provided by

anAscensiort Degree-Of-Freedon6DOF) Flock Of Birds

(FOB).A 6DOFtracked,hand-heldnouseprovidesameans
to represenavirtual tool for theuserin VR (seeDuchavski

etal.[2] for detalils).

Interaction Techniques: WeuseOpenGL sselectiorbuffer
to implementgaze-basegointingfrom eye tracked Point Of
Regard (POR) coordinates.Visual feedbackis givenin the
form of a smalldot (similar to a laserpointer) at the users
POR.Figure?2 (left) shavs aninstanceof a selectedobject
with the gazedot just visible on the middle partof theletter
target. Dwell time is usedto indicateselection avoiding the
well-knowvn Midas Touchproblem[3].

Hand-basegointingisimplementedollowing theray-casting
approachUsershold a 3D-tracked mouseandselectobjects
in VR by pointing the virtual wand (seeFigure1). Thetip
of thewandchangesizein relationto its distancefrom the
userandchangegolor whenthewands intersectiorwith an
objectis detected. To selecta currently intersectedbject,
the userpresseghe right button on the 3D-traclked mouse.
The wandis representedby a blue line and can be seenin
Figure2 (middle)?

2|n preliminarytrials we obsered that a simple dot (as usedfor gaze-
basedfeedback)gave userstrouble controlling the depth of the wand



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

Stimuli:  Our VE consistsof 20 objectsrenderedat ran-
domlypredeterminetbcationsequidistanfromtheuser Close
objectsare distributed with constantradiusroughly corre-
spondingo arm's length;distantobjectsaredistributedwith
constantadiusbeyond arm's reach. Objectsrandomlytake
oncolorandoneof 5 possibleshapesfrustum,spherecube,
cone,oranelongatedrhomboid(resemblingatop). Whense-
lected,anobjects shapgadesto reveala at squaremapped
with arandomlyassignedans-seriblack-on-whitdetter(rang-
ing from A-N), asshowvn in Figure2.

Participants: ~ Twenty-four participants(17 m/7 f) volun-
teeredto take partin the experiment,all undegraduateor
graduatestudentswith agesrangingfrom 19to 34 (average
age23). All successfullycompletedthe experiment(none
wereeliminateddueto unsuccessfudye tracker calibration).

Experimental Design: Independentariablescontrolledin
theexperimentwereselectiormodality (gaze wand)andob-
ject distance(close, distant). A within-subjectsdesignwas
usedfor interactiontechniquesand a between-subjectde-
signwaschoserfor objectdistancej.e., half the participants
(randomlyassigned)nteractedwith closeobjectsand half
with distantobjects. A Latin squarewasusedto counteract
interactionmodality orderingeffects. Eachparticipantcom-
pleted4 trials per interactionconditionresultingin 8 trials
perperson.

Procedure:  Unlimited trainingtime wasprovided prior to

commencemendf eachtrial. Instructionswere given for

the participantto attemptto locatethe given tamget letter as
quickly aspossible For gaze-basegointing,a short5-point
eye tracker calibrationsequenceavas performedbeforedis-

play of the VE. At eachtaskcommencementhe participant
was asled to assumean initial position and orientationby

aligningablueball targetin the centerof view.

pointer—this is probablydue to the wand's introductionof additionalde-
greesof freedomthat the usermustcontrol. Moreover, unlike with gaze,
the usermust computeadditionalgeometrytransformationin their minds
to point the wand pointer at the desiredtarget object. For this reasonwe
provided additionalfeedbackoy drawing the wandvectorin an attemptto
equatehetwo ray-castingoointingmodalities.

Results

Figure 2 (right) gives descriptve statisticsfrom measure-
mentsof thedependentariable(timeto completgask). Com-
paringperformancescoresusing pairwise ANOVA, we no-
ticedasigni cant differencen performanceén thedistanten-
vironmentbetweergaze-andhand-basegointing (F[1,190]
=5.15,p< 0.05),suggestinglowvergaze-basegerformancé.

Discussion and Conclusions

Wedid not nd aclearperformancedvantageof gaze-based
pointing over hand-basegointing; insteada signi cant per
formancedecreasavasobseredin the distantobjectcondi-
tion. We believe our resultscontradictpreviousresearctpri-
marily becausef our useof ray-castingfor both gaze-and
hand-basegointing, i.e., our resultsespouséehe similarity
betweerthetwo pointing styleswhenbothuseray-casting.

Basedn preliminaryanalysispurrecommendatiofor point-
ingin VR is asfollows: for performance&omparabldéo gaze-
basedpointing with the hand(e.g., whenan eye tracler is
unavailable),useray-castingout not arm-etension.
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3 Although a similar trendis evidentin the closeVE, no signi®cantdif-
ferencein performancevasobsered.



