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ABSTRACT

Ninjaléursors[aim(to[Speeduip target(selection onllarge or
multipleCimonitors.Several cursorsaredisplayed “on[the
screen[Wwith[oneloflthem[Selectedas[thelactivelcursor.[Eye
tracking(isused(fo choose(the dctive cursor.[An[eéxperiment
with[13 [participants[showed thatlmultiple[dursors[speed up
thelselectionJover[long[distances,[lbutnot[lover[ishort
distances. [Participantsfelt/thefechnique[was fastest[with[4
cursors[per monitor, But(stillipreferred fo Mavelonly(l cursor
per monitor fortheir own iise.
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ACM Classification Keywords
H.5.2.[Information(interfaces [and [presentation((e.g., HCI)]:
UserInterfaces = Graphical uiser finterfaces (GUT).

INTRODUCTION

Various(approacheshaveBeenlsuggested for[improving the
standard [point[c¢ursor(inpointing[and[selecting [tasks.Most
techniques(are[based [onéither modifying[farget(represental]
tionl(e.g.,[[2])Oricursorrepresentation((e.g., [5,6]).[Amnovel
approachWwas[suggested (by Kobayashiland[Igarashil[7].
Their[ Ninjal cursors[ techniquel increases! the number of
cursors_on[ the[ screen.[ The[ objectl representation[is[ hot
changed, and(thelcursor[tepresentation(is/modified[only(fo
indicatewhich(dursor(onthelscreenis/dctive.

Multipleldursorsare/dttractivelin/that(less housemovement
islneeded, Lespeciallyl for [distant[targets. [ TheldrawbackLlis
thatlextralactionlisneeded fo [indicate[the[desired ¢ursor if
theldefaulticursor(is motltheone(that(the user(intends(to use.
Thisslowsldown thelinteraction.

Aldifferentlapproach(to(facilitating[ fast[selection [is[touse
faster(input(modalities, [€ye[gazelin[particular.[TheMAGIC
pointingtechnique [11]Warps(the[mouse! ¢ursor [to[where
theuser(lis| looking[“on[the[ screen, [ in[ casel there[is[la
selectable[ object[ sufficiently [ close[ by.[ This[ can happen
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either(liberally((always) orlonlylafter the user has[touched
themouse. Warping!is fast, [But(there are(twoldrawbacks. In
thelliberal [ technique, [ thel frequent[ jumping[ ofl thel cursor
maybecomel(distractive. Inboth cases, the inaccuracy 0f'the
eyeltrackernecessitates/fine(positioningbylthemouselin [the
proximity[ of! thel target,[ Which[reduces[ thel timel saving
broughtbylthelquick warp.

Tolovercome!lthelaccuracy problem/with[selection by eye

gaze, | target(tepresentation|techniques([1]and[multimodal

interaction([8,9]havebeen!suggested.Both[¢an beleffec]
tivelwith special user(groups, Butneitherdpproach(isiableto

speedup [interaction (in [@veryday/donditions.

Theloriginal Ninjal¢ursors(were disambiguated (by moving
thelcursorlaway(from/a(target. Thismadelthe next/dursorion
thelscreen(active. Thelprocess was [repeated until the [desired
cursor[ becamelactive.[ Whenleyel tracking[isladded[to[the
setup, theldctive cursor(can(belchosen simplybylooking[at
onelbfl theltursors. [This[is[intuitive, since the [ cursorlis
normallylooked [atlanyway[Wwhen[making[al selection. It
does[not[needlanylextraaction[bylthe keyboardlor other
modalities. Importantly, fitlalsoavoids [thelinherentlaccuracy
problems[ofl eyeltrackers:[althoughthelscreenmay[ be
densely[populated[With[selectablel targets, [ the[cursors are
muchlmore(sparsely(located. Even[with[9[¢ursorsionlone
screen,theldccuracy/to[select/onelofithem(doesinotneed to
belbetter[than[5 [degrees. Alll¢commercial trackersachieve
thiswith(ease.

Theluseloflanadditional input/channel o /chooseone cursor

location[ from [ multiple[ candidates was[ previouslylintro[]
duced by Benkoand Feiner [3].[Their[M* (Multi Monitor

Mouse)[ technique[tiseshead  brientation[as oneloption!to

indicateJthe Jactive monitor. M [is Idifferent fromout

techniquebecause (it Works with(dnelcursor [per monitor and

does(notleasilylgeneralize[to (multiple[¢ursors [perlmonitor.

Onlthelother(hand, our(techniqueldoes ot easily[generalize

tolifour parallel monitors becauseofl thel limitations_on

viewinglangle[posed bByltheleyeltracker.

Wel continue by presenting ourl[ designlof! gazelenhanced
Ninjalcursors.[ Welthenl[describelan[experiment[where the
efficiency ofl varying humber[ ofl cursors[Wwas[ tested [Wwith
different( target( sizes and [ differentl targetl densities. The
paperdoncludeswith(dldiscussionofldesignimplications.



Figure(l.Monitors(and[eye trackerlised in theléxperiment.

GAZE ENHANCED NINJA CURSORS
InCourlimplementation, the[cursorslarelvisualized as[pink
circlesWith[diameter (0113 5[pixels.[(Welsupport[1,2,[4[and 9
cursors(on(€achtonitor.[Thelscreen(dreaonléach monitorlis
dividedlinto(altegular(grid (2 x 2[or[3 x 3 for(the 4 and (9
cursor[donditions) so(thatleachcellloflthe gridhostsonelof
thel¢ursors.[Thelgrid(is motshown(fotheuser.[Onelof the
cursors[is thelactivelcursor, Visualized [using[the Thormal
cursor(arrow [(theupper Fightcursor [in [Figure 2).[Thelcursor
closest(fothelgaze[coordinates returned bylthe(eye fracker[is
selected(ds [thelactive Cursor.

Technically, [the cursors(dreimplemented [asWwindows[oflthe
Windowslénvironment. [Looking at[a¢ursor actuallylmeans
changing[thefocus from[onelcursor Wwindow![tolanother,
muchikelih the[EyeWindowsbyHono land Vertegaal [4].

Although(the[GUIpartlofl the[implementation[is[$imple,[a
problem[was!caused Bylthe fact(thattheldoordinate[space0f
theleyeltrackerlisnot the[same[as[the ¢oordinate Space of
theldisplay. The[bezel (between [the monitors has(zerowidth
inldisplay/space but/alwidth(oflup [fo[3 [émlin/the[eyetracked
space.[This [required(a mewdlgorithmfor thapping(the(gaze
coordinates(to[display(space.

Tol test the efficiencylofl the[ design wel carried outlJa
controlled @xperiment.

METHOD

Participants

Welrecruited[ 13 [volunteers[ (7 [female, 6 male) from[an
introductory HCI coursel at[ the[ University[ ofl Tampere.
Theylreceived(creditfor(dweekly assignment(forparticipal’
tion.[Thelimean[ agel of! the participants[ was[25.8 years,
ranging[ from(20[to[44(SD=(7.6).[ They had been[ uising
personalldomputers(on @veragefor10.3 [years (SD=[3.9).

Apparatus

Theléxperiment(was[¢onducted [using[altwo [monitor[$setup
(Figure(1). Thelresolution o fithemonitorswas 1280 x 1024
pixels.[Thelparticipants were[Seated [dt(a[distance[0f60 cm
from[theleyel tracker.[ The[ X120 eye![ tracker by Tobii
Technologywas[placed(in[front(ofithe(monitors(to track [the
point[oflgazelin(thetwolscreens, tesultinglin/aldistance o f
85-90(cm[between[ the monitors and[alparticipant’s[eyes.

Thelwidth(oflthelviewing[field[(covering/the[two thonitors)
was[ 857 mm/and(thelheightwas[307 thm. Oneldegreel of
viewing[Jangle[I(the[typical laccuracy( ofl Jeye[ trackers)
corresponds|tolabout(50 [pixelslon(screen.

Thelmousewas[a[Logitech X310 [with[two buttons(and[a
scrollwheel. Mousel pointer[ speed [ was [ set[ higher[ than
medium, [ at 80% ofl thel maximum. Thel software[ was[ a
Windows [ XP [application[that[presented the(task [and[saved
thelmouselcoordinates, [gaze[coordinates, and [timestamps|at
the(startland/endofleach trial.

Task

Figure[2[shows!(theltask (onlylonelscreenlis(shown).[The
objects are yellow[ circles and[theltarget objectlis[ green.
Threelobject densities[(10,100,[and 400 objects) [and [three
objectlsizes[(circles(with(diameter (0f132,(48,dnd (64 [pixels)
werelused. Themumber(oficursors/was(1,(2,[or(8 [(thatlis, 1
altogether, (1 [per monitor, @nd 4 [per thonitor).
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Figure2.Taskpresented o participants. Fourcursorsiand
50 abjectswith 48 pixel diameter(on one/screen [areshown.

Forleachblockthelayoutloflthelobjects Wwas tandomized.
Objectswerelplaced on/thelscreens/inrandom[positions, but
notlloverlapping. [ [For[leach[trial[ithe[ltargetlobjectlwas
randomly/(selected.

Participants [werelfinstructed [towork[normally, Cwithout
emphasizinglspeedoridccuracy. [Errorswereldllowed.

Procedure

Theleyeltracker[was[first_calibrated and[the[participants
carried [outtwowarmup Blocks, 15 [frialsfineach.[The(first
blockhad[2[¢ursors [and[40 medium Size[fargets, [ While(the
second (had[8 [dursorsiand[30(large(targets.This[showed[the
typeloflvariationsthatparticipants ¢ould [expect[during[the
experiment, but[the conditionswere[ still different from
those(inthelactuallfrials;[so, thatmo(frial .conditionbenefited
directlyfrom[alwarmup ftial.

Each(blockhad[10(trials.[Tol$tartalblockthe[participant
clicked Canywhereon[thelscreen. This[inade[one bfl the
objects/turn(green,[indicating[the first(target[fo [Select. Each
subsequent!click[Jchanged the[target.[ ] After[Ithe[Itenth
selection(thelayout(changed.Participants were told[tolrest
ifl Idesired[ Ibeforestarting[ Ithe[ next['block byl Iclicking
anywhereldnlthe[screen.



After[completing[allltrials[participantsfilled [in[alshort
questionnaire.[] They[ ] werel] asked[ | questions[]about[the
perceivedspeed [0fthe[dursorconditions[and their[opinions
onusefulnesslandlintuitivenessofmultiplelcursors.

Design
In[summary,theléxperimentiwas/d[3 x3 x[3within[subjects
designlwith thefollowing factors/and(levels:

Numberoflobjects 10,100,400
Objectlsize (diameter ih[pixels)[] 32,148,164
Numberofldursors 1,2,08

Theldependent[variables Swere speedanderror[tate.[ The
experiment(involved[13 [participants x[3[objectldensities x[3
objectisizes x 3 [dursorconditions x 10 frials=3,510 ftials.

RESULTS

Outliers

Some(Selection times[Werel[eéxceptionallyllong. [Theyl[were
caused/bylthe[participantlosing[sight oflthe ¢ursor ornot
beingablelfo(findtheltarget.[However,[only(the[two clearly
slowest[selections[(with[selection[timeover[B.5Seconds)
werelexcluded from/thelanalysis.

ErrorRates

Therelweretwo [fypes[oflerrors.[Thefirstloccurred (when(a
nonldctivel¢ursor(was on top [0flthe[target. In[other[words,
inlthe 2 [dursor donditionthe(dctive [Gursor Was (on(a(different
monitor (from(theltarget(in[16[frialsloutlofl1,170,landlin[the
8[cursorl¢ondition[thelactiveldursor Wwasoneloflthe[7 [other
cursors[in[ 29 [trials.[ Thesel trials[Werel éxcluded from![the
analysis[ below( sincel theywere[ caused[ byl system[ imall]
function. [This will belexplained i [the discussion.

After[ removing! thesel trials, 1.37% erroneous! selections
(target/beingmissed) Temained!/in [the 1 [dursor(dase,[0.43%
inlthe (2 [dursorCase, [and[0.62%lin/the[8 [CursorIdase.
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Figure3.Selection time By independentvariable.

Averagelselection/times, [grouped (bylthe levels 0flthe [three
independent(variables, [areshownlin (Figure(3.[A three[way
ANOVAshowed(alhighlylsignificant/inaineéffect[ofldbject
sizeLon[selection time[(F, 24 =31.07, pXL001).[Nolother

significant[mainleffects[Were[found. Independent[samples
ttestsshowed[that[1 [¢ursor[Wwas[Significantlyfaster[than[8
cursors[(#(12)E=1.81, pXL05)@andthat2[dursorsialso Were
significantlyfaster than(8 [Cursors [(#(12)5=1.93, p=KL01).

Figure[4[plots'the[dependenceloflselection[timelon(target
distance[for thelthree [Cursor(conditions.
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Thelselection[times arelaffected (by both[the[humberof
cursors(and [the[distance the[dursor meeds[tomove. In(the[1
cursor[dondition, the distancelis [the [Ssameas [fheldistance[0f
twolconsecutivel targets.[With [4 [cursors[per monitor the
optimall[distancelis hever[bigger[than[theldiagonal bfl a
quarter[oflthe[Screen. [As[Seenlin [Figure[4,[selection [fimes
grow [ steadilylinthe[l Ccursorcondition, “butwhenthe
distance[to [movelis[largerthan[the widthof alimonitor,
multiple/cursors/startfodutperform [@single cursor.

Altwolway[ANOVAshowed thatthe mumber[oflcursors x
target[distancelinteraction effectis Statistically[Significant
(F24’233§ @174,]) EED)OOI)

Subjective [preferences

Inlthelpost(festlquestionnaire, $even[participants felt they
were fastest(ih [the 8 [cursor [dondition(and[Six[ih [the[2 [Gursor
condition.[Nonelperceivedthe[§ingle cursorcondition[as
fastest.[ Nevertheless, “only twolwould "haveopted[for[8
cursorswhen[given[thelchoice. [Eight[would [havelchosen[2
cursors[(1per(monitor) andthree[would have[preferred(a
singlelcursor.
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Figure(5.Subjectivelopinions/ofitheparticipants.

Participants[were[asked[tolindicate[onlalfive[point[scale
(from[fullylagreetofully(disagree)(their[dgreement With[six



claimslaboutlmultiple cursors. [Threel claims[were[positive
tolJmultipleIcursors[]and[Ithree[Iwere[ lunfavorable.[ ' The
distributionsidflanswerslare[shown [in [Figure(S.

DISCUSSION
Kobayashiland[Igarashiltan[an[experiment[[7][that[i1sed
mostlylthe[samelparameters[as ours. [(With[8[¢ursors(their
selection(time[grew from/about(1 [s[Wwith[sparselylpositioned
large(fargets [to ore[than 2 [sWwith [densely[positioned [small
targets. In[our[dase(the[similarchangelis from[1.2 [fo[1.451s.
Withfewer [Gursors(theltrend(is [Similar butless[pronounced.
Thislihdicates[thatiising[eéye[gaze[disambiguationimproves
theJtechniquelfor[Ivarying[Iscreen]conditions, [ Isince[lit
requires[ the[ same[ amountoflinteractionlin[all[cases. In
simplelsetups, wherethe[default[¢ursorloften istheldesired
onelin(theloriginal[Version, the[¢ognitivelload (brought(by
theleye [fracker akes(dur fechniquelslightlylslower.

TherelWwere[two [fypes[oflérrorsiin/thefest. [First, [in[2% [0 f
thelcases [Wheremultiple[¢ursors [were[ised,[the [$election
wouldhaveBeen(correctiad thelcorrect/cursor [beenlactive.
Theltreason[ for[anlincorrect cursor[ being[ used was[ that
cursor selection(is based [on(individual [gaze[samples.Using
fixations (wouldhavebeen toolsluggish. Individual sSamples
have(the[problem/(that(iflthe[gaze [point[is[momentarily(lost
byl theltracker[ (which[does happen), thelprevious known
position[is(used.[Anlimproved|disambiguation[algorithmlis
needed|tosolvethisiproblem.

Nevertheless, [ theltesults are éncouraging. [Multiple[¢ursors
outperform(alsinglel¢ursor[when(the targetlis(far from(the
current( location.[ Theyl alsolyield[ fewer[ selection[ errors.
Low error(ratelis[usuallylanlindication[that[accuracylwas
emphasized [ lover[Ispeed,[ Isuggesting [ that[lfurther[speed
improvements[ could 'havel been[ achieved had/the particil]
pants[been[instructed! differently. Moreover, our[ setup [is
favorable to [the[single cursor condition/(because oflthe fast
mousel gain[setting). Adjusting[the[mouse[gain depending
on/the Mumberoficursors, l@nd includingmore [training(could
bringladditional improvements/in/éfficiency.

Itiwaslinteresting[tomotethat/the[participantsperceived(the
8 cursor condition/ as[ fastest, contrary[ to[ thel measured
times.[ Allargel majorityl found[thel techniquelintuitiveland
feltidomfortable[using[it.'Walk up [usability(seems highland
makes|theltechniquelalpotential choice, [iflsupported bylthe
technologylavailable.

On(thelother hand, based on[the[shortluse of theltechnique
inlthe(test,[0nly(2 [outlofl13 [participants wouldhave[chosen
more[ than[ 2 [ cursors( for[ theirlown[use.[ Thel cognitive
difficulties(oflcrossingbBezels([l1 0][seem[to playlalrole;most
wouldhave[beenlhappylWwith having[justlonel cursor[ per
monitor.

CONCLUSIONS

Multiple[cursorsidisambiguated (with[eye [gazeloutperform(a
single[¢ursor[when(the[distance(to target from thel¢urrent
cursorllocationlishigh,[i.e.,[When[the[targetlis(not[on[the

same onitor(asthe [cursor. Multiple[cursors|arelaffected By
object(sizeland(objectidensitylas(alsingle cursor.

Further[studylis[needed tolanalyzel¢yeland mouse[movel]
ments(insynchrony. [Knowinghowmuch(before(the mouse

cursortheleyes hit(the(farget,[and (whether [theléyes [and[the

mouseimovelat(thesameltime, ¢ould leadtolan[improved

disambiguation(algorithm.[We willlalso [tun(further(experil]
ments[that(include[more(than[8[cursors.[Another ongoing

investigation(is(an[eéxperiment(for[¢omparing[WNinjalcursors

with MAGICIpointing.
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