






contactswitchbetweenthecurvedbaseandtheupperbody
of themouse.Thecurvedbaseis not tightly screwed to the
upper body, instead1 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,
simultaneouscontrolof multiple degreesof freedomis pos-
sible if appropriateinteractiontechniquesareused.This is
whatdistinguishestheRockin’Mousefrom othermicevari-
ants [13, 19] which do not enableintegral action of all
senseddegreesof freedom.The ability to simultaneously
control all dimensionsof an integral task shouldresult in
performanceimprovementsover the traditionalmouseand
manipulators.This advantagecouldbeutilized in numerous
applications.

In orderto investigatethesebeliefs,we conductedanexper-
iment:

EXPERIMENT

Method

Goal
The primary goal of the experimentwas to evaluate the
effectivenessof the Rockin’Mousecomparedto the mouse
in thecontext of a 3D objectpositioningtask.We werepar-
ticularly interestedin whetheror not subjectswould beable
to controlmovementin all threedimensionssimultaneously
using the Rockin’Mouse and if this translated to an
improvementin taskperformancetime.We werealsointer-
estedin determiningthelearningeffectsassociatedwith the
Rockin’Mouse.

Apparatus
The experiment was conductedon a Silicon Graphics
Indigo2Extremeworkstationwith a 19 inch colourdisplay
andstandardmechanicalmouse.The Rockin’Mouseoper-
atedon a 12x12inch Wacomdigitizing tablet[20] attached
to the workstationvia a 19200bps serial connection.The
workstationran in single-usermode,disconnectedfrom all
network traffic. A graphicsupdaterateof 30 hz wasmain-
tained.Subjectswereseatedapproximately60 cm in front
of thedisplaywith their right handmanipulatingthemouse

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

Task and Stimuli
The3D objectpositioningtaskrequiredsubjectsto movean
objectfrom onecornerof the virtual 3D sceneandplaceit
insideanotherobjectlocatedat thediagonallyoppositecor-
ner.

As illustratedin Figure4, thelit sceneconsistedof two light
grey wireframegrids drawn in the horizontalplaneat the
top and bottom of the screen.The purposeof thesegrids
was to enhancethe perceptionof depthin our perspective
display. The object to be manipulatedwasa gold coloured
spheresurroundedby awireframeboundingbox.Thetarget
objectwasapurplecubewith translucentfaces.Coloursand
transparency effects were chosento ensurethat subjects
werenot hinderedin their taskby insufficient visual cues.
Themanipulatedobjectwastwo thirdsthesizeof thetarget.

In themouseconditions,subjectsusedtheleft mousebutton
to selectoneof threetranslationalmanipulators.Clicking on
the front faceof theobject’s boundingbox selectedthex-y
manipulator while the y-z and x-z manipulators were
selectedby clicking on the left/right and top/bottomfaces
respectively. Holding the left button down andmoving the
mouseeffected 2D movementof the object in the active
manipulator’s 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-backward on the tabletcausedthe object
to move in thex-directionandz-directionrespectively. Tilt-
ing the Rockin’Mouseclockwise-anticlockwisemoved the
object up-down in the y-direction. Linear control-display
mappings were used for both devices.

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

Figure 3. Experimental set-up

Figure 4. Visual Stimuli



Subjects
Fourteenvolunteers(13 male,1 female)served assubjects
in this experiment.All were right handed.Threeregularly
usedthe mousewith graphicalmanipulatorsin 3D scenes,
while theremainingelevenwerefamiliarwith 2D useof the
mouse but had limited experience with 3D environments.

Design and Procedure
A balancedwithin-subjectsrepeatedmeasuresdesignwas
used.Eachsubjectwastestedwith bothdeviceson thesame
day. For eachof thedevices,subjectsweregivensix blocks
of trials.Eachblockconsistedof eightconditions:we tested
subject’s ability to move an object from eachof the eight
cornersof the viewing volume to a target locatedat the
diagonallyoppositecorner. For reasonsthat will be elabo-
ratedon shortly, subjectsperformedfour trials in a row for
eachcondition. All eight “direction of movement” condi-
tionswerepresentedin randomorderduringtheblock.The
experimentconsistedof 5376 trials in total, computedas
follows:

14 subjectsx
2 devices per subjectx
6 blocks per devicex
8 conditions per blockx
4 trials per condition
= 5376 total trials.

Prior to performingthe experimentwith eachdevice, sub-
jectswereshown how to operatethedevice andweregiven
practicetrials for eachcondition.Practicelastedaboutfif-
teenminutes.For eachdevice, subjectstook betweenthirty
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 beganwhentheobjectappearedon
screenand endedwhen it had successfullybeen placed
insidethe target.Therewasa 800mspausebeforethenext
trial began.Subjectswerealternatelyassignedto oneof two
experimentalorders:Rockin’Mousefirst (R/M) or mouse
first (M/R).

A shortquestionnairedesignedto elicit subjective opinions
of thetwo devicesandassociatedinteractiontechniquewas
administered at the end of the experiment.

Pilot Results
An analysisof datafrom pilot testsshowedthatthetaskwas
divided into two phases:an initial open-loopor ballistic
phasewhich getstheobjectin thevicinity of thetarget,fol-
lowed by one or more closed-loopmovementswhich pre-
ciselypositionstheobjectwithin thetarget.With themouse,
theballistic phaseis usuallyperformedwith two 2D move-
ments.With the Rockin’Mouse,the ballistic phasecan be
accomplishedwith a single 3D movement.However, we
believe that thecognitive loadimposedon thesubjectwhen
planningthemorecomplex 3D gestureis higherthanfor the
mouse’ssimpler2D movement.In otherwords,the“chunk”
[2] of theproblembeingsolved is larger. Our hypothesisis
thatsubjectswill eventuallybeableto performthisplanning
automatically, however, muchlearningthroughrepetitionis
likely required [14].

Although we were interestedin determiningsubjects’per-
formancebeforeandafterthis learningoccurred,theexperi-
mentwastoo short to allow subjectsto reachexpert levels
of performance.Therefore,wedesignedacompromisesolu-
tion: for eachof the eight conditions,subjectsperformed
four trials in a row. For eachtrial, the target appearedat a
slightly differentpositionin thevicinity of thepertinentcor-
ner for that condition. This essentiallypreventedsubjects
from memorizingthe exact locationof the target from trial
to trial, ensuringthat the non-ballisticportion of the task
alwaysrequiredclosed-loopcontrol.For the initial ballistic
phase,however, most of the planning would likely occur
during the first trial. Sincethe last threetrials requirethe
sameballistic movement,subjectswould not have to plan
themovementagain.Thus,performancein thelastthreetri-
alswould closelyapproximatehow subjectswould 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
measuresanalysisof variancewith trial completiontime as
thedependentvariableshowedtheRockin’Mouseperform-
ing significantly better than the mouse (F1,12= 21.08,
p < .001). Overall, despitethe limited tilt resolution,sub-
jects were able to completethe task 30% fasterwith the
Rockin’Mouse.

The orderof presentation(R/M or M/R) hadno significant
effect (F1,12< 0.1, p > .5) on the performancedifferences
betweenthetwo devices.This, coupledwith theabsenceof
any Device x Orderinteraction(F1,12 < 0.5, p > .5), effec-
tively ruledout thepossibilityof asymmetricalskill transfer
− an oft overlooked artifact of within-subjects designs [17].

Direction of movementalso had no effect on the perfor-
mance differences between the devices (F7,84= 1.75,
p > .1). Apart from the learningeffectsdiscussedbelow, no
other significant interactions were observed.
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Figure 5. Meantaskcompletiontimefor bothdevices
over thecourseof six experimentalblocks.Data from
all 14 subjects. With 95% confidence error bars.



Learning
As apparentfrom Figure5, subjects’performancewith both
devices improved over the course of the experimental
blocks (F5,60= 23.01, p < .0001). Also, the performance
differencesbetweenthe two devices were independentof
block, asshown by the lack of a significantDevice x Block
interaction (F5,60< 1, p > .5).

In additionto learningacrossblocks,therewasalsosignifi-
cant learningoccurringover the four repeatedtrials within
each condition (F3,36= 52.28, p < .0001). A significant
Device x Trial interaction (F3,36= 13.69, p < .0001) was
alsoapparent.As anticipatedduringthedesignof theexper-
iment,thetaskcompletiontimefor theRockin’Mousein the
first trial of eachcondition,while still fasterthanthemouse,
is muchslower whencomparedto thesubsequentthreetri-
als (Figure 6). The performanceof the mouse,however,
doesnot significantlychangeover thefour trials − evidence
that the cognitive requirementsof the ballistic phaseof the
task are spreadthroughoutthe several required 2D sub-
movements.

The resultsshow that when facedwith a completelynew
movementcondition,subjectsrequiredan averageof about
1.5seconds to plan the ballistic gesture for the
Rockin’Mouse.If this planning is preprocessed,as in the
lastthreetrials percondition,subjectswere40%fasterwith
the Rockin’Mouse.Of obvious interest, therefore,is the
validity of ourhypothesisthatthecognitivecostof planning
is reduced with practice.

In order to further explore this premise,we examinedthe
performancedifferencebetweenthe two devices for only
the first trial of eachcondition over the courseof the six
experimentalblocks(Figure7). As expected,thedifference
betweenthe two devices increasesas subjectsget more
skilled at the task,reachingstatisticalsignificance(p < .05)
after block five. While moredatais clearly neededto con-
clusively verify our hypothesis,this trendis a goodindica-
tion that we are on the right track.

Wealsonotethatthreeof oursubjectshadsubstantialprevi-
ous experienceusing the mousewith manipulators.Data
collected from these subjectsare probably skewing our
results in favour of the mouse. However, since the
Rockin’Mouseoutperformsthemousedespitethis bias,we
decidednot to presentseparateanalysesfor the expert and
novice subjects.

Integration
As mentionedearlier, oneaim of this experimentwasto see
if subjectscould perform tilting and planarmovementsof
the Rockin’Mouseconcurrently, thus enablingintegral 3D
manipulation.Weadoptedatechniquedescribedby Jacobet
al. [10] to quantifythelevel of integrationachievedwith the
Rockin’Mouse.Essentially, the trajectoryof theobjectdur-
ing eachtrial wasdivided into small segments,eachrepre-
senting a 10 ms time interval. For each segment we
determinedif theobjecthadmovedduringthattime interval
(a 0.1 mm position changein any axis was considered
movement).ThesegmentwasthenclassifiedasEuclidean2

if movementoccurredin all threedimensions,or city-block
if movement was only in one or two dimensions.

For theselectedmovementthresholdof 0.1mm within each
10 ms time interval, acrossall subjects,49% of all move-
mentswith theRockin’MousewereclassifiedasEuclidean.
Also, approximately 70% of the Euclidean movements
occurredduring thefirst half of the trial − that is, primarily
during the ballistic phaseof the task.This is not surprising
sinceduringthefinal closed-loopphaseof thetask,subjects
arefine-tuningthepositionof theobject,usuallyonedimen-
sion at a time.
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Figure6. Meantaskcompletiontimefor bothdevices
over thefour trials within each condition.Data from
all conditions,blocks and subjects.With 95% confi-
dence error bars.

2. Terminologyadoptedfrom Jacobetal. [10]. Euclidean
means movement cuts diagonally across the dimen-
sions. City-block means movement resembles a stair-
casepatternakin to findingyourwayaroundbuildings
in a city.
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Figure 7. Meantaskcompletiontimefor bothdevices
for trial 1 within all conditions.Data fromall 14sub-
jects. With 95% confidence error bars.



Theseresultsclearly indicatethat, whereappropriate,sub-
jectswereableto control threedimensionssimultaneously
with the Rockin’Mouse.It is noteworthy that this level of
integration was achieved despite limited practice.

Subjective Evaluation
Upon completionof the experimentaltrials, subjectsfilled
out a questionnaire.Eleven 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
thesubjectssaidthey felt they wereableto controlall three
dimensions simultaneously with the Rockin’Mouse.

FUTURE DIRECTIONS
The results of our experiment indicate that the
Rockin’Mouseis apromisingdevice for integral3D interac-
tion. However, morework is clearlyrequiredto gainabetter
understandingof the capabilities,and limitations, of the
device. In particular, we are interestedin the long term
learningeffects: will usersbe able to significantly reduce
thecognitive costof planningtheRockin’Mouse’s gesture?
We also intend to explore different control-displaymap-
pings; for instance,first or secondorder control-display
mappingsmaybeappropriatefor taskssuchasnavigatingin
3D scenes.

In our experiment,left-right and forward-backward move-
mentsof the Rockin’Mousecontrolledthe object’s move-
mentin thex andz directionsrespectively, while clockwise-
anticlockwise tilt controlled object movement in the y-
direction.We felt that this wasanintuitive mappingsinceit
exploits the 1-1 mapping of device movement to object
movementin two (x, z) of the threeaxes;however, alterna-
tive mappings clearly merit further investigation.

Asidefrom thenew interactiontechniquesthatwill inevita-
bly needto be developedfor the Rockin’Mouseto be used

in other interactiontasksusing the dominanthand,useof
the device in the non-dominanthandalsomerits investiga-
tion. For example,virtual cameracontrol [22] couldbeper-
formed using the non-dominant hand while the user
interacts with objects in the scene with the dominant hand.

Despiteourbelief thatclosecompatibilitywith themouseis
requisitefor any device hopingto attainwidespreaduse,we
arenonethelessexploringalternativedesigns− two of which
areshown in Figure8. Thebaseof thedevice in Figure8(a)
is curvedaboutonly oneaxis,allowing just a singledimen-
sion of tilt to be sensed.Sincethe areain contactwith the
working surface is larger than in the Rockin’Mouse,this
device may afford greaterstability. The device in Figure
8(c) hasa basethatis curvedsymmetricallyabouttwo 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 deeper insights into the perceptualissues
involved in interacting with this class of input devices.

CONCLUSIONS

Our experimenthasshown that the Rockin’Mousehasthe
potentialof providing at leasta 30%performancegain over
theregularmousefor 3D positioningtasks.We believe that
for intensive 3D users,like professional3D modelersand
animators,this is asignificantgain. It is alsoveryencourag-
ing thattheRockin’Mousewaspreferredby themajority of
our subjects (especially the expert mouse/manipulator
users).

Theresultsalsoindicatethatsubjectswereableto simulta-
neouslycontrolall threedimensions.While this is clearlyan
acquired skill, the learning curve is acceptable.Finally,
these positive results coupled with the fact that the
Rockin’Mouseis backwardly compatiblewith the mouse
make it potentially a very practical 3D input device.

Figure 8. Design variations. The Rockin’Mouse (b) is shown for comparison.
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