








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. Experimental set-up

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 sceneandplaceit
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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