The Rockin’Mouse: Integral 3D Manipulation on a Plane
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ABSTRACT

A novel input device calledthe Rockin’Mouseis described
andevaluated.The Rockin’Mouseis a four degree-of-free-
dominputdevice thathasthe sameshapeasaregularmouse
exceptthatthe bottom of the Rockin’Mouseis roundedso

thatit canbetilted. This tilting canbe usedto control two

extra degreesof freedom thusmakingit suitablefor manip-
ulation in 3D ervironments.Like the regular mouse,the

Rockin’Mousecansenselanarpositionandperformall the

usualfunctions. However, in a 3D scenea regular mouse
canonly operateon 2 dimensionsat a time and therefore
manipulationin 3D requiresa way to switch between
dimensions. With the Rockin’Mouse, however, all the
dimensionscan be simultaneouslycontrolled.In this paper
we describeour designrationalebehindthe Rockin’Mouse,
and present an experiment which compares the
Rockin’Mouseto the standardnousein atypical 3D inter-

action task. Our resultsindicate that the Rockin’Mouseis

30% fasterandis a promisingdevice for both 2D and 3D

interaction.

Keywords
3D interaction,input devices, integral motion, mouse,3D
graphical manipulators.

INTRODUCTION

The ever increasingspeedof computersn recentyearshas
led to the proliferationof tools for creatingand manipulat-
ing 3D graphicsWhile thevisualsproducedy state-of-the-
art 3D graphicssystemsreof very high quality, interaction
techniquedor manipulationwithin thesesystemsften suf-
fer from thelimitationsof currentlyavailableinput devices.

Theseinteractiontechniquescan be broadly classifiedinto
two cateyories:thosebasednthreeor moredegree-of-free-
dom input devices [7, 11, 12, 16, 19, 21, 22], and those
which rely on the ubiquitousmousecoupledwith a variety
of schemegor mapping2D input to 3D control[3, 5, 6, 8,
15, 18]. At first glance,it would seemthat the increased
sensef directnessisuallyaffordedby thetechniquesn the
first catggory would make multiple degree-of-freedoninput
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devices the olvious choicefor 3D applications.In reality,
however, the mouse continuesto be the dominantinput
device in the vorld of 3D graphics.

A key contrituting factorto the mouses preeminencés that
mostusersof 3D graphicsapplicationsdo not work exclu-
sively in 3D; rather in a typical scenarioa useris likely to
frequentlyswitchbetwee2D and3D applicationsIn addi-
tion, even 3D applicationsusually require a substantial
amountof 2D interaction— manipulating3D objectsin 2D
views aswell asthe usual2D tasksof selectingitemsfrom
menus,typing text, etc. While the mouseis indisputablya
gooddevice for 2D interaction,it performsonly adequately
in 3D tasks.Practicallyall existing 3D devices, however,
performpoorly in 2D taskswhen comparedo the mouse.
Thereforejt comesasno surprisethatuserspick themouse
astheir all-purposeinput device. They areclearly prepared
to sacrificepeak 3D performanceto avoid having to con-
stantlyswitch betweernthe mouseanda device bettersuited
to 3D interaction.This leadsus to the obvious conclusion
thatwhatis neededs aninput device that performsreason-
ably well forboth 2D and 3D tasks.

In this paper we first explore the propertiesof the mouse
that make it so successfulWe thendescribea new device,
the Rockin’Mouse (Figure 1), which incorporatesthese
propertieswhile providing simultaneouscontrol over four
degreesof freedom.Finally, we presentthe resultsof an
experiment to investigate the performance of the
Rockin’Mousevs. the mousein a typical 3D interaction
task.

Figure 1. The Rddén’Mouse



DESIGNING AN EFFECTIVE INPUT DEVICE

Designersof new input devices often evaluatethem based
on criteria suchastask completiontimesfor pointingto or
manipulatingon-screerwidgets.While this style of evalua-
tion is certainlyvalid, it is incomplete.Thereare a hostof
otherpropertiesandissuest play thatdeterminavhetheror
not a deice will be successful and widely adopted.

What's So Great About the Mouse?

In trying to understandvhy the mousehasenjoyed quite a
bit of succes®verthe pasttwo decade®r so,we foundthat
- apartfrom the corveniencefactordiscussedn the intro-
duction — it has mary subtle redeemingpropertiesthat
shouldbe taken into accountwhen designinga new input
device:

Form Factor

Thephysicalform of themouse coupledwith thefactthatit

operate®n aflat horizontalsurface,ensureghatthe useris

not restrictedto ary particulargrip. The mousecanbe used
in a variety of ways — ranging from a precisiongrip for

accuratanovementsto “lazy” or “relaxed” gripswhensim-
ply moving the cursorfrom onewindow to another Also,

the users armis generallyrestingon a tablewhile maoving

the mouse.This is lessfatiguing when comparedto using
3D devicesliketheBat[21], Polhemus3Ball [16], andLog-
itech3D/6D [12] mouseall of which requiretheusersarm
to be suspended in 3D space.

Stability

Sincethe mouseis fairly heary andhasa large areain con-
tactwith the surfaceit moveson, tremorin a users handis

dampenedallowing for precision operation.In contrast,
free-floating3D devices[12, 16, 21] andstylus’ on digitiz-

ing tablets[20] tendto transmit,andin somecasesamplify,

human hand tremor

Also, themouseis usuallyin a stablestatewhereit is ready
to beusedanddoesnot have to be “disturbed”to acquireor
releasethe device. The position of stylusand 3D devices,
however, will be disturbedwhena userpicks up the device
up or puts it dan.

Relative vs. Absolute Mode
Inputdevicescaneitherreporttheir absolutemeasureghosi-
tion or their currentpositionrelative to somekey point (usu-
ally the point whenthe device was encaged).Becausehe
mouse is a relative device with implicit clutching, the
amountof arm movementrequiredto effectively useit can
be very small. Thus,the userneednot expendmuch effort
whenworking with the mouse.Further relative devicesdo
not suffer from the “nulling problem” [1] associatedwvith
absolute ones.

The implicit clutching mechanism- lifting the mouseoff
andreplacingit on the work-surfaiceto engageand disen-
gageit - is easilyunderstoo@ndexecutedlt is alsoflexible
andcomfortablewhencomparedo usingan explicit clutch
button like that found on other diees [12, 16, 21].

Order of Control
Zhai [23] has showvn that for common3D taskssuch as
object manipulation, position control input devices are

superiorto rate control devices. In the 2D world, position
controlis critical for pointingtasks It alsoallows for revers-
ible actionsfor example,a designeusingapositioncontrol
device to manipulatethe cameraview in a 3D modeling
applicationcan“spin the world around”to geta quick look
of the modelfrom a differentviewpoint andthenreturnto
the original view and continueworking, all within a split
secondThistypeof action,performedmary timesadayby
usersof such applications,is practically impossiblewith
force sensing rate controldees like the Magellan [11].

We notethat sometaskssuchasnavigationin large scenes
aremoresuitedto ratecontrol. However, the mousecaneas-
ily be usedas a rate control device by emplgying a first
ordertransferfunction. The corverseis nottrue:force sens-
ing devices cannot operate in position control mode.

Device to Cursor Mapping

The default mappingof mousemotion to cursormotion is
“natural” (i.e., moving the mouseforward movesthe cursor
up, moving the mouseleft movesthe cursorleft, etc.). This
reducesthe cognitive load imposedon the user since the
mappingis simple. Most position control 3D devices[12,
16, 21] have this feature,while force sensingdevices[11]
often use more complicatedwilge to cursor mappings.

Button Position

Thedirectionof movementof the mousebuttonsareorthog-
onalto thesensingdlimension®f themouseThus,it is easy
to operatehe buttonswithoutinadwertentlymoving the cur-
sor. Thisis onereasonwhy “3D mice” which usea thumb-
wheelto control the third degreeof freedom[19] have not
been ery successful.

Familiarity

Our final point hasto do with the natureof humanbeings.
We humandik e to dealwith thingswe're familiar with, and
we areextremelyfamiliar with the form andfunction of the
mouse.Indeed,an entire generatiorhasgrovn up usingit.

We believe that a device that radically differs from the
mousewill have to deliver correspondinglyhigh perfor-
manceimprovementsin order to gain widespreadaccep-
tance.Unfortunately given our high level of skill with the
mouse,it is unlikely that arny new device could facilitate
performanceimprovements of the required magnitude.
Insteadanincrementakchangein designleadingto anevo-

lution in the quality of interactionwill likely resultin a
more successful input diee.

Where the Mouse F ails

Thefactorsdescribedabose make the mouseanalmostper-
fect 2D input device. While thesefactorsareequallycritical
in 3D interaction the mousedoesnotinherentlysupport3D
operations Over the years,several mechanismdiave been
developedto enable3D manipulationusing only the two
degrees of freedom pvided by the mouse.

The simplestmethod,from a systemsstandpoint,s to use
modifierkeys (sometimegalledhot-keys) or the mousebut-
tonsto switch betweenmovementin the three axes. This
schemewhile adequateis ratherunnatural First, the user
has to rememberwhich key selectsa particular axis of
maovement, and second,in what direction to move the



mouse to accomplish the desiredvament.

More effective schemesawhich exploit the visual channel
have beenproposedby researcher§s, 5, 6, 8, 15, 18] and
are currently implementedin several commercially avail-
able applications.The key ideahereis that the 2D mouse
cursoris usedto selecta virtual “manipulator” (also called
“handle”, “controller”, or “3D widget”) associatedvith a
particular transformation.For example, to effect transla-

tional motionalongthe x-axist, onewould selectthe x-axis
translationalmanipulatorfor the desiredobjectanddragit

to the requiredlocation. Obviously, since the mousepro-
videsonly two degreesof freedom the manipulatorgener-
ally allow only transformationsalongtwo dimensionsat a
time (thereareexceptiongo thisrule: uniformscalingalong
three dimensions is axample).

The problemwith theseschemess thatthey oftenreducea
task that would ideally be performedin a single integral
movementinto two or more sub-tasksFor instance,using
virtual translationalmanipulatorsto move an objectin 3D
spacerequiresat leasttwo motions:onemotionalongthex-
y planefollowed by anothermotion along the x-z plane.
While the usercan still perform the task, the interaction
techniquediffersfrom the users experiencewith the physi-
cal world, thusincurring an additionalcognitive cost. This
problem is even more acute when the task absolutely

requiressimultaneousnanipulationof all threedimensions:

for example, specifyinga 3D motion path of an objectin
real time — a task commonly performedin 3D animation
software.

Buxton[1], Cardetal. [4], andJacobet al. [9, 10] have all
emphasizedhe needfor input devicesto matchthe users
high-level conceptuamodelof thetask.Indeed Jacobet al.
[9, 10] have shavn thattasksin whichtheconceptuamodel

of manipulation intgrates all dimensions benefit from input

deviceswhich alsosupportthis integration. They alsopoint
out the opposite: that multiple degree-of-freedomtasks
where the dimensionsare conceptuallyindependenie.g.,

1. Weusethefollowing conventionfor labelling3D axes
in this document: “x” is the left-right axis, “y” is the
up-davn axis, and “z” is the nedar axis.

adjusting object position and color) do not benefit from
input devices which intgrate all dimensions.

THE ROCKIN'MOUSE

The Rockin’Mouse (Figure 1) is a new input device
designedto retain the characteristicof the mousewhich

male it so successfulvhile overcomingit’s main shortgll

by providing a seamlesshift into integral 3D manipulation
when desired.

Like aregularmousethe Rockin’Mousesensedt’s position
onthesurfaceof operationln addition,a novel curvedbase
designallows the mouseto betilted aboutthe x andz axes
(Figure2). Theamountof tilt is sensedandcancontroltwo
extra dgyrees of freedom.

While the basecanbe curvedin a variety of ways,our pre-
ferredimplementatiorusesan asymmetriccurvature about
thetwo axes.The cunatureaboutthe z-axisis greaterthan
that aboutthe x-axis, resultingin a similar footprint to the
regularmouse The Rockin’Mousehasa flat spotatthecen-
tre of the curved baseto make it self-rightingandimprove
stability. An interestingartifact of this flat spotis that it
allows the device to be physically constrainecto control
only two degreesof freedomeven while sensingfour. This
is often desirable when manipulating 3D objects.

The Rockin’Mouse, like the mouse,is a relative device
where clutching is accomplishedy lifting the mouseoff
and replacing it on theavk-surface.

Prototype Implementation

Our prototypeimplementatior{Figuresl & 2) operate®na
Wacomdigitizing tablet[20]. This tabletis ableto sensehe
positionof a cordlesssensoron the x-z planeof tabletand
also the dgree of tilt of the sensor about the x and esax

Oneof thesecordlesssensorés mountedn thecenterof the
Rockin’Mouse, enabling the device’s planar and angular
positionto be sensedvhenplacedon thetablet. The current
resolutionof the tilt sensoris approximatelyone unit per
degree.While this is insufficient for regular use,it suffices
for evaluatingour design.Thetabletcanalsosensedhe state
of Rockin’Mouse lttons connected to the sensor

The mechanisnthatenablesmplicit clutchingconsistsof a

Figure 2. Tting action of the Rddn’Mouse



contactswitch betweerthe curved baseandthe upperbody
of the mouse.The curved baseis not tightly scravedto the
upper body, insteadl mm of vertical “play” enablesthe
contact switch to open and close.

Application

It is our belief that although the tilting action of the
Rockin’Mouseis not symmetricto the planarmovements,
simultaneougontrol of multiple degreesof freedomis pos-
sible if appropriateinteractiontechniquesareused.This is
whatdistinguisheghe Rockin’Mousefrom othermice vari-
ants [13, 19] which do not enableintegral action of all
senseddegreesof freedom.The ability to simultaneously
control all dimensionsof an integral task shouldresultin
performancdamprovementsover the traditional mouseand
manipulatorsThis advantagecouldbe utilized in numerous
applications.

In orderto investicatethesebeliefs,we conductedan exper-
iment:

EXPERIMENT
Method

Goal

The primary goal of the experimentwas to evaluatethe

effectivenessof the Rockin’Mousecomparedo the mouse
in the context of a 3D objectpositioningtask.We werepar-

ticularly interestedn whetheror not subjectsvould be able

to controlmovementin all threedimensionssimultaneously
using the Rockin’Mouse and if this translatedto an

improvementin taskperformancdime. We werealsointer-

estedn determiningthe learningeffectsassociatedvith the

Rockin’Mouse.

Apparatus

The experiment was conductedon a Silicon Graphics
Indigo2 Extremeworkstationwith a 19 inch colour display
and standardmechanicaimouse.The Rockin’Mouseoper-
atedon a 12x12inch Wacomdigitizing tablet[20] attached
to the workstationvia a 19200 bps serial connection.The
workstationranin single-usemode,disconnectedrom all
network traffic. A graphicsupdaterate of 30 hz wasmain-
tained.Subjectswere seatedapproximately60 cm in front
of the displaywith their right handmanipulatingthe mouse

Figure 3. EXperientaI set-up
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Figure 4. \lsual Stimuli

or Rockin’Mouseon the digitizing tabletplacedto theright
of the display (Figure 3).

Task and Stimuli

The 3D objectpositioningtaskrequiredsubjectdo move an
objectfrom onecornerof the virtual 3D sceneand placeit
insideanotherobjectlocatedat the diagonallyoppositecor-
ner.

As illustratedin Figure4, thelit sceneconsistedf two light

grey wireframegrids drawvn in the horizontal plane at the
top and bottom of the screen.The purposeof thesegrids
wasto enhancethe perceptionof depthin our perspectie

display The objectto be manipulatedvasa gold coloured
spheresurroundedy awireframeboundingbox. Thetarget
objectwasa purplecubewith translucentfacesColoursand
transpareng effects were chosento ensurethat subjects
were not hinderedin their task by insufficient visual cues.
Themanipulatedbjectwastwo thirdsthesizeof thetarget.

In themouseconditions subjectausedtheleft mousebutton
to selectoneof threetranslationamanipulatorsClicking on
the front faceof the objects boundingbox selectedhe x-y
manipulator while the y-z and x-z manipulators were
selectedby clicking on the left/right and top/bottomfaces
respectiely. Holding the left button down and moving the
mouseeffected 2D movementof the objectin the active
manipulators plane. Therefore,a single 3D movement
requiredsubjectsto switch betweenat leasttwo manipula-
tors.

In the Rockin’Mouse condition, pressingthe left button
selectedthe entire object. Moving the Rockin’Mouseleft-
right andforward-backvard on the tabletcausedhe object
to move in the x-directionandz-directionrespectiely. Tilt-
ing the Rockin’Mouseclockwise-anticlockwisanoved the
object up-davn in the y-direction. Linear control-display
mappings were used for bothvitees.

In both conditions,the target turnedbright greenwhenthe
objectwaswithin its boundariesSubjectsreleasedhe left
button while the object was within the tamet to indicate
completion of a trial.



Subjects

Fourteenvolunteers(13 male, 1 female)sened assubjects
in this experiment.All wereright handed.Threeregularly
usedthe mousewith graphicalmanipulatorsan 3D scenes,
while theremainingelevenwerefamiliar with 2D useof the
mouse bt had limited gperience with 3D anronments.

Design and Procedure

A balancedwithin-subjectsrepeatedmeasuresiesignwas
used Eachsubjectwastestedwith bothdevicesonthesame
day For eachof the devices,subjectaveregivensix blocks
of trials. Eachblock consistedf eightconditions:we tested
subjects ability to move an objectfrom eachof the eight
cornersof the viewing volume to a target located at the
diagonallyoppositecorner For reasonghat will be elabo-
ratedon shortly, subjectsperformedfour trials in a row for
eachcondition. All eight “direction of movement” condi-
tionswerepresentedn randomorderduringthe block. The
experimentconsistedof 5376 trials in total, computedas
follows:

14 subjectx

2 devices per subject
6 blocks per déce x

8 conditions per block
4 trials per condition
= 5376 total trials.

Prior to performingthe experimentwith eachdevice, sub-
jectswereshavn how to operatethe device andweregiven
practicetrials for eachcondition. Practicelastedaboutfif-
teenminutes.For eachdevice, subjectsook betweenrthirty
and forty-five minutesto performall the trials. They were
allowed to take short breaksbetweeneachcondition, but
wererequiredto completeall four trials within a condition
without breaks.Timing began whenthe objectappearean
screenand endedwhen it had successfullybeen placed
insidethetarget. Therewasa 800 ms pausebeforethe next
trial began. Subjectsverealternatelyassignedo oneof two
experimentalorders: Rockin'Mousefirst (R/M) or mouse
first (M/R).

A shortquestionnairelesignedo elicit subjectve opinions
of thetwo devicesandassociatedhteractiontechniquewas
administered at the end of theperiment.

Pilot Results

An analysisof datafrom pilot testsshavedthatthetaskwas
divided into two phases:an initial open-loopor ballistic
phasewhich getsthe objectin thevicinity of thetarget,fol-

lowed by one or more closed-loopmovementswhich pre-
ciselypositionsthe objectwithin thetarget. With themouse,
the ballistic phases usually performedwith two 2D move-
ments.With the Rockin’Mouse,the ballistic phasecan be
accomplishedwith a single 3D movement. However, we
believe thatthe cognitive load imposedon the subjectwhen
planningthemorecomplex 3D gesturds higherthanfor the
mouses simpler2D movement.n otherwords,the“chunk”

[2] of the problembeingsolvedis larger. Our hypothesiss

thatsubjectawill eventuallybeableto performthis planning
automaticallyhowever, muchlearningthroughrepetitionis

likely required [14].

Although we were interestedn determiningsubjects’per-
formancebeforeandafterthislearningoccurredtheexperi-

mentwastoo shortto allow subjectsto reachexpertlevels
of performanceThereforewe designedh compromisesolu-
tion: for eachof the eight conditions,subjectsperformed
four trials in a row. For eachtrial, the target appearedit a
slightly differentpositionin thevicinity of the pertinentcor-

ner for that condition. This essentiallyprevented subjects
from memorizingthe exactlocation of the target from trial

to trial, ensuringthat the non-ballistic portion of the task
alwaysrequiredclosed-loopcontrol. For the initial ballistic

phase,however, most of the planningwould likely occur
during the first trial. Sincethe last threetrials requirethe
sameballistic movement,subjectswould not have to plan
themovementagain. Thus,performancen thelastthreetri-

alswould closelyapproximatehow subjectsvould perform
after substantial learning.

Results and Discussion

Task Completion Time

Figure 5 comparessubjects’ meantrial completiontimes
with both devices for eachof the six blocks. A repeated
measuresnalysisof variancewith trial completiontime as
the dependenvariableshaved the Rockin’Mouseperform-
ing significantly better than the mouse (F; 1,=21.08,
p <.001). Overall, despitethe limited tilt resolution,sub-
jects were able to completethe task 30% fasterwith the
Rockin’Mouse.
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Figure 5. Meantaskcompletiontimefor both devices

overthe courseof six experimentablocks. Data from
all 14 subjects. Wwh 95% confidence eor bars.

The orderof presentatioiR/M or M/R) hadno significant
effect (F; 12<0.1, p>.5) on the performancedifferences
betweenthetwo devices.This, coupledwith the absencef
ary Device x Orderinteraction(F; 1, < 0.5, p > .5), effec-
tively ruled out the possibility of asymmetricaskill transfer
— an oft werlooked artifict of within-subjects designs [17].

Direction of movementalso had no effect on the perfor-
mance differences between the devices (F7g4=1.75,
p >.1). Apart from the learningeffectsdiscussedelow, no
other significant interactions were obssy



Learning

As apparenfrom Figure5, subjects’performancevith both
devices improved over the course of the experimental
blocks (Fs5 g0=23.01, p<.0001). Also, the performance
differencesbetweenthe two devices were independenbf
block, asshavn by the lack of a significantDevice x Block
interaction E5 go<1,p>.5).

In additionto learningacrossblocks,therewasalsosignifi-

cantlearningoccurringover the four repeatedrials within

each condition (F3 35=52.28, p<.0001). A significant
Device x Trial interaction (F3 36=13.69, p <.0001) was
alsoapparentAs anticipatedduringthe designof the exper-
iment,thetaskcompletiontime for theRockin’Mousein the
first trial of eachcondition,while still fasterthanthemouse,
is muchslower whencomparedo the subsequenthreetri-

als (Figure 6). The performanceof the mouse,however,

doesnot significantlychangeover the four trials — evidence
thatthe cognitive requirement®f the ballistic phaseof the
task are spreadthroughoutthe several required 2D sub-
movements.
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Figure 6. Meantaskcompletiortimefor bothdevices
over thefour trials within ead condition.Data from
all conditions,blocks and subjects With 95% confi-
dence eror bars.

The resultsshav that when facedwith a completelynewn
movementcondition, subjectsrequiredan averageof about
1.5seconds to plan the ballistic gesture for the
Rockin’Mouse.If this planningis preprocessedasin the
lastthreetrials percondition,subjectsvere40%fasterwith
the Rockin’Mouse. Of olvious interest, therefore,is the
validity of our hypothesighatthe cognitive costof planning
is reduced with practice.

In orderto further explore this premise,we examinedthe
performancedifferencebetweenthe two devices for only
the first trial of eachcondition over the courseof the six
experimentablocks(Figure7). As expected the difference
betweenthe two devices increasesas subjectsget more
skilled at the task,reachingstatisticalsignificance(p < .05)
after block five. While more datais clearly neededo con-
clusively verify our hypothesisthis trendis a goodindica-
tion that we are on the right track.
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Figure 7. Meantaskcompletiontimefor bothdevices
for trial 1 within all conditions.Datafromall 14 sub-
jects. Vith 95% confidence eor bars.

We alsonotethatthreeof our subjectshadsubstantiaprevi-
ous experienceusing the mousewith manipulators.Data
collected from these subjectsare probably skewing our
results in favour of the mouse. However, since the
Rockin’Mouseoutperformshe mousedespitethis bias,we
decidednot to presentseparateanalysedor the expertand
novice subjects.

Integration

As mentionecearlief oneaim of this experimentwasto see
if subjectscould performtilting and planarmovementsof
the Rockin’Mouseconcurrently thus enablingintegral 3D
manipulationWe adoptedatechniquedescribedy Jacobet
al. [10] to quantifythelevel of integrationachieved with the
Rockin’Mouse Essentiallythe trajectoryof the objectdur-
ing eachtrial wasdivided into small sggments,eachrepre-
senting a 10 ms time internval. For each sggment we
determinedf the objecthadmovedduringthattime interval
(a 0.1 mm position changein ary axis was considered

movement).The sgmentwasthenclassifiedas Euclidear?
if movementoccurredin all threedimensionspr city-blodk
if movement vas only in one or tevdimensions.

For the selectednovementthresholdof 0.1 mm within each
10 mstime interval, acrossall subjects,49% of all move-

mentswith the Rockin’MousewereclassifiedasEuclidean.
Also, approximately 70% of the Euclidean movements
occurredduringthefirst half of the trial — thatis, primarily

during the ballistic phaseof the task. This is not surprising
sinceduringthefinal closed-loogphaseof thetask,subjects
arefine-tuningthe positionof the object,usuallyonedimen-
sion at a time.

2. Terminologyadoptedrom Jacoketal.[10]. Euclidean
means meement cuts diagonally across the dimen-
sions. GQty-blodk means meement resembles a stair-
casepatternakinto finding your way aroundbuildings
in a city



Figure 8. Design variations. The Rag'Mouse (b) is shown for comparison.

Theseresultsclearly indicatethat, whereappropriate sub-
jectswere ableto control threedimensionssimultaneously
with the Rockin’Mouse.lt is notavorthy that this level of
integration was achieed despite limited practice.

Subjective Evaluation

Upon completionof the experimentaltrials, subjectsfilled
out a questionnaireEleven of the fourteensubjectspre-
ferred the Rockin’'Mouseto the mousefor the given task.
Interestingly two of the subjects who preferred the
Rockin’Mousewere expert manipulatorusers.Finally, all
the subjectssaidthey felt they wereableto controlall three
dimensions simultaneously with the Rockin’Mouse.

FUTURE DIRECTIONS

The results of our experiment indicate that the
Rockin’Mouseis a promisingdevice for integral 3D interac-
tion. However, morework is clearlyrequiredto gain a better
understandingof the capabilities,and limitations, of the
device. In particular we are interestedin the long term

learning effects: will usersbe able to significantly reduce
the cognitive costof planningthe Rockin’Mouses gesture?
We also intend to explore different control-display map-
pings; for instance,first or secondorder control-display
mappingsnaybeappropriatdor taskssuchasnavigatingin

3D scenes.

In our experiment,left-right and forward-backvard move-
mentsof the Rockin’Mousecontrolledthe objects move-
mentin thex andz directionsrespectiely, while clockwise-
anticlockwiset tilt controlled object movementin the y-
direction.We felt thatthis wasanintuitive mappingsinceit
exploits the 1-1 mapping of device movementto object
movementin two (X, z) of the threeaxes; however, alterna-
tive mappings clearly merit furtheniestication.

Aside from the new interactiontechniqueghatwill inevita-
bly needto be developedfor the Rockin’Mouseto be used

in otherinteractiontasksusing the dominanthand, use of
the device in the non-dominanhandalso meritsinvestiga-
tion. For example,virtual cameracontrol [22] could be per-
formed using the non-dominant hand while the user

interacts with objects in the scene with the dominant hand.

Despiteour beliefthatclosecompatibilitywith the mouseis
requisitefor ary device hopingto attainwidespreadise,we
arenonethelesexploring alternative designs- two of which
areshavn in Figure8. The baseof the device in Figure8(a)
is curved aboutonly oneaxis, allowing just a singledimen-
sion of tilt to be sensedSincethe areain contactwith the
working surfaceis larger than in the Rockin’Mouse,this
device may afford greaterstability. The device in Figure
8(c) hasabasethatis curved symmetricallyabouttwo axes,
with a joystick-stylegrip. This device allows for a greater
rangeof tilt andits form-factormay be ideal for entertain-
ment applications. By investigating these variations we
hope to gain deeperinsights into the perceptualissues
involved in interacting with this class of inputvitees.

CONCLUSIONS

Our experimenthasshavn that the Rockin’Mousehasthe
potentialof providing at leasta 30% performancegain over
theregular mousefor 3D positioningtasks.We believe that
for intensive 3D users,like professional3D modelersand
animatorsthisis a significantgain. It is alsovery encourag-
ing thatthe Rockin'Mousewaspreferredoy the majority of
our subjects (especially the expert mouse/manipulator
users).

The resultsalsoindicatethat subjectsvereableto simulta-
neouslycontrolall threedimensionsWhile thisis clearlyan
acquiredskill, the learning curve is acceptable Finally,
these positive results coupled with the fact that the
Rockin’Mouseis backwardly compatiblewith the mouse
male it potentially a ery practical 3D input déce.
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