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Abstract

We presentexamplesof four different custombuilt in-
putdevicesanddiscusstheir bene�tsto virtual environment
interfaces.In each case, wedescribetheunderlyingmoti-
vationbehindthedevice's creationandpresentinteraction
techniquesthatweremadepossiblebyeach device'sunique
characteristics.

1 Intr oduction

In virtual environment(VE) applications,usersmustex-
presstheir intentionsthrough various input devices. At
Brown University, animportantresearchfocushasbeenthe
developmentof custombuilt input devicesfor improving a
user'sexpressivepowerwheninteractingin VEs. Thesede-
vicesofteninspirenew interactiontechniques,improve the
interfacein speci�c VE applications,provide moreinterac-
tion styles,andimprove uponexisting techniques.In this
paper, we presentfour differentcustombuilt input devices,
the FingerSleeve, the CavePainting Table, the Interaction
Slippers,andFlex andPinchinput asexamplesof custom
built input devicesusedin the developmentof our VE ap-
plicationsandinterfaceresearch.For eachdevice, we also
describesomeof theinteractiontechniquesdevelopedusing
them.

2 FingerSleeve

Building custominputdevicesoftenprovidesinspiration
andcreativity in thedevelopmentof novel interactiontech-
niques. The FingerSleeve is an exampleof sucha device
thatexploredhow theconceptof pop-throughbuttonscould
beusedto improveupontraditionalbuttonbaseddevices[9].
Pop-throughbuttonshave two clearlydistinguishedactiva-
tion statescorrespondingto light and�rm �nger pressure.

Figure 1. The Fing erSleeve device mounts
two small pop thr ough buttons on an elas­
tic frame , with the trac ker placed on the back
of the sleeve.

This designaddsfunctionality without increasingdevice
obtrusiveness.

2.1 The Input Device

The FingerSleeve, shown in Figure 1, is a device that
canbe worn on the index �nger of either the left or right
hand.Theframeis madeoutof anelasticfabricandasmall
pieceof �e xible plastic that canbe found at any artsand
craftsstore.Thefabricis sewn into a sleeve with a varying
diameterthat�ts snugglyfor mostusers.Theplasticis sewn
ontothefront of thesleeve to provide a solid mountfor the
popthroughbuttons.Thebuttonsaregluedinto placeafew
millimeters aparton top of the plastic. Finally, a 6 DOF
tracker is securedto thebackof thesleeve usingvelcro.

A primary designconsiderationin creatingthe Finger-



Sleevewasselectingappropriatelysizedbuttons.If thebut-
tons protrudetoo far from the sleeve housing,the press-
ing gesturesneededto activatethemcanbeuncomfortable.
The buttonswe chosearesmall enoughthat userscanop-
eratethedevice comfortably. Both popthroughbuttonsare
constructedusingtwo tactile switcheswith the samegeo-
metrical layout in width and length, but slightly different
heights. The basebutton's switch is raisedslightly above
its mountenablingtheexposed(top)buttonto beplacedon
theraisedswitch.Thiscon�gurationhasasmallerforcedif-
ferentialthanour previous pop throughdesignsbut is still
easilycontrolled,perhapsbecauseof theextrasensitivity of
thumb-index �nger interaction.

2.2 Interaction Techniques

A convenientway to facilitatetheexplorationof anen-
vironmentis to allow usersto quickly inspecta distantlo-
cation in order to be automaticallytransportedthere,and
then after arriving, make the decisionabout whether to
stayor returnto the startinglocation. Mine[7] previously
explored this inspectionnavigation style using Head-Butt
Zoom; however, pop throughbuttons,leveragingthe nat-
urally sequentialnatureof this inspectiontask, enablean
alternative thatrequiressigni�cantly lessuseractivity.

TheZoomBack techniqueallows a userto selecta target
pointonthesurfaceof anobjectin avirtual environmentus-
ing a virtual laserpointerthatcontinuouslyemanatesfrom
theFingerSleeve (seeFigure2). Then,by pressinga button
lightly, theuseris translateddirectlytowardthattargetpoint
suchthatheendsup two feet in front of the targetedpoint
in approximatelytwo seconds.If theuserthenreleasesthe
button,he is returnedto his original location,again in two
seconds.Alternatively, if theuserpresses�rmly on thebut-
ton to popthrough,thenhis locationis “locked” sothathe
canremainwhereheis afterthebuttonis fully released.

We believe theZoomBacktechniqueexempli�es a gen-
erally effective principle for mappingapplicationbehavior
to buttons: that light pressureperformsa temporaryaction
that mustbe con�rmed by �rm pressure.This notion was
supportedby informal testingin a mock-museumenviron-
mentwhereusersfound the device mappingto be natural,
andthetechniqueeffective for moving about.

TheSnapshottechniquefor takingpicturesfrom within a
virtual environmentis a representative sequentialoperation
technique. With the FingerSleeve, usersinvoke a simple
croppingwidget by pressinglightly. By pressingharder,
theusertakesasnapshotof theareaseenthroughtheframe
of thewidget.Sincethesizeof thewidgetframeis constant,
usersmovetheframecloserto or fartherfrom theirheadsto
modify theregionof thevirtual world thatwill appearin the
snapshotimage. Theseimagesarestoredin a wall-menu.
By pointing to a snapshoton the wall-menu,andpressing

Figure 2. The primar y axis for the Fing er­
Sleeve trac ker is perpendicular to the user' s
�ng er orientation. The image sho ws a vir tual
laser pointing in that direction.

the samebutton lightly, usersare temporarilytransported
backto theplacewherethesnapshotwastaken. Similar to
the ZoomBacktechnique,releasingthis button returnsthe
userto the original position; whereasapplying additional
pressureto thesamebutton to pop throughleavestheuser
in the locationindicatedby the snapshot.In this case,the
wall-menuincludesanoption for returningto theprevious
location.

Takingsnapshotswith thecroppingwidget is similar to
takingpicturesin thereal-world with conventionalcameras
that have a two-level shutterreleasemechanism.In infor-
malevaluations,usersclaimedto havenodif�culty control-
ling theFingerSleeve device for eithertakingsnapshotsor
controlling the temporaryandpermanenttransitionsusing
thewall-menuof snapshots.

3 CavePainting Table

In many cases,focusingonspeci�c VE applicationtasks
provide a conduit for creatingcustombuilt input devices
thatincreasetheuser's expressive power in theapplication.
CavePainting, a tool for creating3D artistic scenes,is an
exampleof suchanapplication.TheCavePainting[1] table
wasdevelopedin aneffort to explorenaturalprop-basedin-
terfacesinsideaCaveandprovidetheuserwith aninterface
speci�cally designedfor 3D painting.

A painter often works effortlessly with 5 or 6 paint-
brushesat a time. When modelingthis type of interface
in a Cave, wheredo thebrushesgo whennot in use?Keep
in mind, “in my otherhand”,might not be thebestanswer
to this questionif the interface requiresa glove, Finger-
Sleeve (seeSection2), or otherinput device to be usedin



theuser's non-dominanthand.A slipperyglove or encum-
beringdevicecanturnthetaskof switchingbrushesintoone
thatcompletelydistractsfrom therelevanttask,creating3D
worksof art.

3.1 The Input Device

TheCavePaintingtableusesaprop-baseddesignthatre-
lies uponmultiple cupsof paintanda singletrackedpaint-
brush, as seenin Figure 3, rather than multiple brushes.
Thesepaint cup propsstayon a physical table that slides
into the Cave and also housesknobsand buttonsthat are
usedfor variousinteractiontasks. This tabledoesdisrupt
the projectiononto the Cave walls, but it is placedin the
back cornerof the Cave, so it doesnot affect the projec-
tion in key working areasof theCave. CavePainting is our
mostsuccessfulCaveapplicationin termsof enticingauser
to move aroundthe physical spaceof the Cave. Usersare
quiteactive andoftenpacebackandforth asa realpainter
oftenwalkstowardandaway from hereasel.Thus,thefact
that the placementof the table often requiresthe user to
walk over to thebackcornerof theCave is notasigni�cant
distractionfor thisapplication.

In conjunctionwith thetable,a realpaintbrushwasaug-
mentedwith a singlebuttonwhich turnsthe“paint” on and
off. The bristlesof the brusharecoveredwith conductive
cloth[6]. Thisallowsusto senseacircuit betweenthebrush
bristlesandsimilar cloth that lines the insideof the paint
cupson thetable.

Figure 3. The painting table interface .

3.2 Using the CavePainting Table

The main CavePainting interactiontechniqueis to hold
down thebuttonon thebrushandmove one's handthrough
the air. The depositsa trail of virtual paint alongthe path

thatthebrushtakes.Thestroke thatcomesout of thebrush
cantake on many forms. The form is changedby dipping
the brushinto one of the paint cupson the table. These
“contain” thevariousstroke types.Whenthebrushtouches
theinsideof thecupa closedcircuit is formedandthepro-
gramrespondswith an audiblecue. Our usersfound this
techniqueimmediatelyunderstandableand fun. We even
observed one group of middle schoolstudentsrepeatedly
dipping the brush into the cups and moving it back and
forth, as if to make sure it was fully coatedwith paint!
This speaksto thepower of applicationspeci�c devicesin
immersive environmentsandtheir potentialfor increasing
one's senseof presence.

A typical approachto Cave interfacesis to map vast
amountsof the functionality of an application onto the
trackers and buttons of genericwandsheld in the user's
hands. While this techniquehasadvantagesin its easeof
implementationandits ability to beeasilyreproducedgiven
many variedhardwarecon�gurations,it canoftendistracta
userfrom importanttasksby requiringherto work through
amenuor similarwidgetin orderto activatecommonlyac-
cessedcommands.In contrast,theCavePaintingtablepro-
videsa mechanismfor unloadingmuchof theapplication's
functionalityfrom thehandsto physicalcontrolsin theback
of theroom.This leavesthehandsfreeto immediatelyper-
form themostcommonandmostimportanttasks.In Cave-
Painting,thesearepainting,grabbingandmoving thepaint-
ing, andresizingthevirtual brush.

4 Interaction Slippers

Anotherexampleof how custombuilt input devicesaf-
fect virtual environment interactionis in providing more
powerful methodsof expression.In many cases,of�oading
interactionfrom theuser'shandsto thefeetcanimprovean
interface,especiallywhentheuser's feetareusedin naviga-
tion tasks.However, foot-basedinput devicesarenot com-
mon.Therefore,wedevelopedtheInteractionSlippers(see
Figure4) for exploringhow theuser's feetcouldbeusedin
virtual environmentinteraction[2].

4.1 Input Device

Two importantdesignconsiderationswhencreatingthe
InteractionSlipperswerethatthey bebothcomfortableand
untethered.We addressedtheseconsiderationsby embed-
dingaLogitechTrackmanLive!TM wirelesstrackballdevice
thatusesdigital radiotechnology[4] into a pair of commer-
cially availableslippers.We chosewirelessradio technol-
ogyoverotherapproaches,suchasinfrared,becauseit pro-
videsa rangeof up to 30 feet, anddoesnot requireunoc-
cludedline-of-sightto a sensor. We insertedtheTrackman
into a hand-madepouchon the right slipper and rewired



two1 of the Trackman's threebuttonsby connectingeach
oneto apairof conductivecloth[6] patcheson theinstepof
theright slipper. On theinstepof theleft slipper, weplaced
two moreconductive cloth patches.Touchinga cloth patch
on the left slipperto a cloth patchpair on the right slipper
completesthe button presscircuit. This designenablesus
to distinguishtwo gesturescorrespondingto heel and toe
contactsrespectively.

Figure 4. The Interaction Slipper s allo w user s
to tap either their toes or heels to invoke op­
erations.

4.2 Using the Slippers to Navigate

The InteractionSlipperswereusedto interactwith the
StepWIM (shown in Figure5), a miniatureversionof the
world that is placedon theground,undertheuser's feet in
thevirtualenvironment[2]. To invokethedisplayof theStep
WIM with theseSlippers,the usertapshis or her toesto-
gether, establishingaconductiveclothcontactwhich is eas-
ily sensedandtreatedasa “button” press.Oncedisplayed,
theusercanmove to anew locationby simplywalking to a
desiredplacein theStepWIM andclicking thetoestogether
again, while looking at theStepWIM. To dismisstheStep
WIM, theusermakesthesameclicking gesturewhile look-
ing away from the �oor . The inspirationfor this technique
is from thescenein TheWizardof Oz whereDorothy taps
herheelsto returnto Kansas.

5 Flex and Pinch Input

In many cases,agiveninputdevicehascertainproperties
makingit easyto performcertainoperationsbut notothers.
For example,bendsensingglovescanbeusedto mimic in-
terfacewidgetssuchasslidersanddials[8], but donothave
usefulmethodsfor signalingthe activation or deactivation

1Ourcurrentimplementationof interactionslippersutilizesonly two of
threeTrackmanbuttons.In futurework we planto useof thethird button
aswell asthetrackball.

Figure 5. The Step WIM widg et allo ws user s
to quic kly navigate anywhere in the vir tual
world. The small sphere by the user' s foot
indicates his position in the miniature .

of thewidgets.In contrast,Pinchglovesprovide a seriesof
button widgetsthat areplacedon each�nger tip allowing
for discretepinchingpostures,but they have no way of de-
terminingthe �e xing of the �ngers. Interactiontechniques
areoftenincompletebecauseof theselimiting factors.The
Flex andPinchinput system(seeFigure6) wasdeveloped
in orderto combinebendsensingglovesandpinchstylein-
put to improve uponinteractiontechniques[3].

Figure 6. The Flex and Pinc h input system.
Although a CyberGlo veTM is sho wn, any bend­
sensing glo ve can be used.



5.1 The Input Device

We constructed a device based on the Fakespace
PinchTMGlove. As a hardware input device, it provides
morefunctionality thanthePinchGlove sinceit useseight
cloth buttonsinsteadof � ve which allows for morebutton
combinations. In general,� ve of thesecloth buttonscan
be placedaroundeachof the �nger tips, while the other
threecanbeplacedarbitrarilyaboutthehand2. Thesecloth
buttonscan be placedon a bend-sensingglove providing
bothbendanglemeasurements(Flex) andpinchstyleinput
(Pinch).

5.2 Impr oving Existing Techniques

With Flex andPinchinput,wecanimproveonanumber
of existing techniquesfor selectingobjectsin virtual envi-
ronments. For example,one of the major problemswith
the image plane interactiontechniquessuch as the head
crusher, sticky �nger, lifting palm, andframinghandsob-
ject selectiontechniques[5] is that the usercannotactivate
the selectionwith the primary hand. As a result, the user
requiresan additional,separateinput device for triggering
theselectionoperation.

Flex andPinchinput providesa simpleyet effective and
seamlessmethodfor startingandstoppingobjectselection
by placing the cloth buttons in appropriateplaceson the
usersprimary hand. For example,with the headcrusher
technique,we canplacethecloth buttonson thethumband
middle �nger so when the user positionsthe thumb and
fore�nger aroundtheobject(usingthebendangleinforma-
tion to detecttheposture)a middle�nger to thumbcontact
signalstheobjectshouldbeselected.Anotherbuttonpress
would signal the releaseof the object. The cloth contacts
canbeplacedin otherpositionssuchason themiddle �n-
gerandonthepalmby thebaseof thethumbor ontheright
sideof theindex �nger andtheleft sideof themiddle�nger.
In a similar manner, cloth contactsareplacedon the hand
for thesticky �nger andlifting palmtechniquesto startand
stopobjectselectionwhile clothcontactsareplacedonboth
handsfor theframinghandsselectiontechnique.

6 Conclusion

We have presentedfour different examplesof custom
built input devicesusedin virtual environmentinteraction.
TheFingerSleeve inspiredthecreationof novel interaction
techniques.TheCavePainting tablewasusedto improve a
speci�c VE application.The InteractionSlippersprovided

2Thispresentsoneof many possiblecombinationsfor placementof the
cloth buttons.Thedevice couldhave beworn with anywherefrom two to
16clothbuttonsof any shapeor size.Thispresentsaclearadvantageover
otherin�e xible inputdevices.

new methodsof expressive power throughtheir creation.
Finally, Flex and Pinch input was usedto improve exist-
ing interactiontechniqueslimited by thedevicesfor which
they were originally designed. Theseexamplesillustrate
that building custominput devicescanbe a valuablecom-
ponentof interactionresearchandin thedevelopmentof VE
applications.
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