Interaction Techniques as a Communication Channel
when Presenting 3D Visualizations
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Abstract —In this position paper we discuss the usage of various interaction technologies with focus on the presentations of 3D
visualizations involving a presenter and an audience. While an interaction technique is commonly evaluated from a user perspective,
we want to shift the focus from a sole analysis of the naturalness and the ease-of-use for the user, to focus on how expressive and
understandable the interaction technique is when witnessed by the audience. The interaction process itself can be considered to
be a communication channel and a more expressive interaction technique might make it easier for the audience to comprehend the
presentation. Thus, while some natural interaction techniques for interactive visualization are easy to perform by the presenter, they
may be less bene cial when interacting with the visualization in front of (and for) an audience. Our observations indicate that the
suitability of an interaction technique as a communication channel is highly dependent on the setting in which the interaction takes
place. Therefore, we analyze different presentation scenarios in an exemplary fashion and discuss how bene cial and comprehensive
the involved techniques are for the audience. We argue that interaction techniqgues complement the visualization in an interactive
presentation scenario as they also serve as an important communication channel, and should therefore also be observed from an

audience perspective rather than exclusively a user perspective.

Index Terms —Interaction, audience, 2D and 3D user interfaces, direct touch, touchless, voice control.
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1 INTRODUCTION

Oral presentationsbeing the mosttraditional form of presentation
techniqueshave beenaroundsincetime immemorial While they were
initially limited to a lecturertalking, toolsandtechniqueave been
addedo enhanceghepresentationA primeexampleof anenhancement,
which shavs thatinteractiontechniquesnattera greatdeal,is medical
schools'educatiorbasednthedissectiorof cadaersin class.Here,
notonly thepresente@ontents of interestbut alsotheway thelecturer
interactswith thecadaer.

In recentyears differenttypesof interactionhave becomencreas-
ingly commonwhenpresentingrisualizationgdueto theintroduction
of low-costinteractiondevices. The variety in the interactiontech-
niguesallows us to analyzehow interactionsotherthan mouseand
keyboardaffecta presentation.Touchscreensare now the de-facto
standardor handhelddevices, supportingmulti-touchinterfacesfor
2D gestrressuchaspinchor swipe,while low-costsolutionsfor touch-
lessinteraction sut astheKinector LeapMotion, evensupport3D
whole-bodyinteracion interfaces[11, 28]. Theseinteractioninter-
faceshave inspiredarangeof applicationswithin interactve visualiza-
tion[8, 16, 25,27].

The focusin researchhasbeenplacedon the users interaction
expertiseto determindf atypeof interactionis suitablefor a certain
scenariowithin interactize visualization[9, 29, 30]. Yet, therehas
notbeenmuchattentionon thefactthattheinteractionis alsopartof
the presentatin andthereforeaffectsthe audience.As exempli ed
in thedissectiorexample,if theaudiencecaninfer whatwill happen
by witnessingthe interaction,thereis a signi cant impacton their
understandingf the presentation.
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We candrawv ananalogyto the eld of visualizationwhich generally
separatethe useof visualizationinto exploration,analysisandpresen-
tation steps,applyingdifferentapproachegools andtechniquedor
eachstep.While the explorationphaseequiresa e xible interaction
method,the presentatiorphaseis usuallylimited to a few predeter
minedparametersTheinterfacedesigneicontrolswhatcanbeviewed
and,thus,makesthevisualizationmoreunderstandablfor theaudience.
Thedistinctionbetweerinteractiontechniquesisedfor explorationas
comparedo presentatioas,to our knowledge,not beenconsidered
andwe will focusoninteractiontechniquegor presentatiopurposes
in the presencef a, possiblynon-pert,audience.

Importantparameterfor measuringgood” interactiontechniques,
with regardto communicatiorwith peoplearehow expressie [4] and
natural[26] the gesturesandspeechare. While mary studiesfocus
on analyzng theseaspectdor interactionby a singleuseror group
of userg[5, 6], we arguethatthey alsoplay a signi cant role when
obsened by the audienceduring the presentes interactionwith a
visualizationwhich happensn front of, andfor, theaudience Apart
from controlling a visualization,the expressiity andnaturalnessf
gestureslsoin uence the knowledgetransferfrom the presenteto
the audience.Thus, a 3D userinteractioninterfacemight be more
preferablehana 2D userinteracton interface,evenif the 3D interface
is morecomplex for theuser asit mightbemoreexpressie andnatural
for theaudienceo perceve.

We amguethatthesuitability andexpressvity of aspeci c interaction
methodis highly dependenbn the screersizesandthe audiencesizes.
We will thereforeutilize scenariogrom our experiencehatinvolve a
personinteractingwith avisualizationin orderto preseninformation
to a, in generalnon-expert, audiencegseeSection2). The scenarios
cover differentsituationswith varying audiencesizesand show the
resultingconstrainton theinteractiondesign.

Basedonthesescenarioswe derive classe®f interactiontechniques
andinvesticatetheir attributesrelatedto suitability for the audience
(seeSection3). We will makethe classi cationdevice-agnosticas
differencedn the fundamentaprinciplesbetweenmary interaction
devicesin thesameclassaresmall. For eachclass theapplicabilityand
usefulnesdor differentaudiencesizesis investicgatedanddiscussed.
Section4 reevaluateghe presentedgcenariosn the sameframevork
andconnectghe scenariosith thederivedclasses.



Fig. 1. Visualization of a fetus scanned using ultrasound. Touch screen
interaction changes parameters such as camera, clipping etc.

2 SCENARIOS

Thescenarioslescribedn this sectionaredravn from our experience
in presentingscienti ¢ datato audiencesf varyingsizesandexpertises.
We do not claimto cover all possiblepresentatiortasain this section,
yet we selecteda subsetof scenarioghat cover a large variety of
situations.

2.1 Presentations using a Workstation

In this scenariothe presentations performedon a smallscreengither
handheldr a desktopmonitor, andthe audienceausuallyconsistof a
singlepersonor asmallgroup.As this setupwill be mostfamiliarto
readersye keepthe descriptionof this sectionconcise.Thedistance
betweerthe audienceandthe presenters typically smallandallows
for a closecommunication. The audiencecaneasly communicate
preferencen whatto exploreandmay, in somecasesevenintervene
with the presenteto interactwith thevisualization.

An intuitive interactioncanthereforeengagetheaudienceandcreate
a moredynamicpreserdtion. An examplecanbe seenin Figurel,
wherethe presenteusesa touchscreeror touchpado interactwith an
ultrasoundscanof afetus. The standardnteractionmodearecamera
interactionswhererotation, translationandzoomis controlledwith
single nger touchor multiple nger gesturesnterpretedn 2D. The
presentecan,in this case switchto differentmodesto controlother
aspect®f thevisualization.For instance anothemodewill change
theinterpretatiorof thesingle nger touchsuchthatthethresholdand
opacityof the mappingbetweerdataandcolorsis changedaccording
to the horizontalandverticalmovement.

2.2 Presentations in Exhibition Area

In a public exhibition area,both smallto mediumsizeddisplaysare
often utilized to shonvcaseand explore scienti ¢ data. It is mostly
targetedat non-pert userandviewersthatinteract,andseeothers
interact,which requiredntuitive andnaturalinputmehods. Thereexist
awide rangeof setupswith displaysandgadgetsor immersie and
exploratorypurposeghatcanbeutilized in anexhibition area[21, 22].
Thatfact,togethewith areasonabléevel of functionality motivates
the usageof a hands-onlysetupeitherthroughdirecttouch[20] or
touchlessmethodq26].

Figure2 shawvs anexhibition setupexample,known asthe virtual
autopsytable[23], wheredata,suchasa CT scanof ahumancanbe
exploredusingmulti-touchgestures Rotationandtranslationof the
objectaredonevia verticalandhorizontaimovementswhile zoomingis
performedwith atwo- nger pinchgesture Various2D iconsareshavn
aroundthe visualizationfor stateswitchingand presentingelevant
informationaboutthe data.Othericonsareusedto changeclipping and
transparenglevelswithin thevisualization which arealsomanipulated
with asingle nger touch.

Althoughthetableworksbasicallythe sameasa handhelddevice,
it is more appropriatefor a larger audienceasthe areasurrounding

Fig. 2. Atouch table (known as the Virtual Autopsy Table) for presentation
of, for instance, CT scanned medical data.

Fig. 3. Visualization of a CT scanned penguin displayed on a wall with a
in-front projector and coupled with a Kinect for 3D interaction possibilities.

thetableincreasesheaccessibilityto boththeinteractionsurfaceand
thevisualization.This type of setuphasbeenappreciatedby boththe
presenteandthe audiencalueto intuitive interactionaswell asthe
largedisplay

Thesetupin Figure3 can,ata rst glance seemsimilarto Figure2
in termsof exploring data.However, thedisplaysurfacedoesnot have
directtouchcapabilities put is controlledby trackingthe movements
of thepresentes handsin 3D. Thevisualizationis supportedy state
icons,which allow the presenteto selecta datasetfrom a choiceof
four presetsA handcursoris renderedntothe screerthatmimicsthe
movementf the presentes right hand.Theleft handis trackedand
utilized to switch betweerdifferentrenderingstatessuchasmoving
thecameraor light sourceinteraction.

2.3 Presentations in an Auditorium

A commonscenariois a presentesstandingin front of a seatedor
otherwisestationaryaudience Theaudiencas typically large,ranging
from tensto hundredf people.Thedisplaysygemwe usein this sce-
nariois awide eld-of-view hemisphericatiomesurfacewith seating
for 99 audienceanembergseeFigures4 and5). Thedometheatetris
similar to traditionalplanetariumsbut the contentis producedusing
aninteractve renderingsysteminstead Dueto the sizeof thescreen,
andlargedifferencein seatingocation,it canbedif cult for partsof
theaudienceseeboththe visualizationandthe presenteat the same



Fig. 4. Presentation on large scale surface using the voice as an interac-
tion technique to communicate intent rather than direct instructions.

time. In additionto this, smallmaovementanmaybe hardto seefor the
audiencen thebackseats The maininteractiontechniqueusedby the
presentein practiceis talking to anoperatomwhich, in turn, directly
controlsthevisualization.Fromthe point of view of theaudiencehe
operatoris completelytransparenandthe interactionendswith the
presentewxerballygiving commands.

We have alsomadeexperimentswith touchlessinteraction where
gesturesare performedthough nger andhandmovementsasseen
in Figure5. Here,movementsaredesignedo re ect the operations
performedon the screen.For instancemoving a clip planetowards
andaway from the camerds doneby the presentemaving his hands
towardsandaway from himself. As thewhole-bodycanbetrackedin
3D thepresentecouldreachoutto pull or pushthevisualizationclose
or furtheraway.

3 INTERACTION TECHNIQUES FROM THE SCENARIOS

The purposeof this paperis not to cover every possibleinteraction
setupbestsuitedfor the scenarioshut ratherto analyzethe currentones
andcategorizethemin differentgroupsthatareutilized throughouthe
scenariosTherefore we summarizeheinteractiontechniqueghatcan
bederivedfrom of our scenariosinddiscusgheir applicability Fora
state-of-the-arbverview of visualizationon interactve displays,the
suney by Isenbeg etal. [12] is recommended.

3.1 Direct Touch Interaction

Directinteractionwith anobjectin the scenagivesthe userafeel of
controlovertheobject[15]. Theusertoucheshescreerandthe2D
motionis mappedo a 3D manipulationof the object,for instanceby
mimicking the interactionof a trackball. In scienti ¢ visualization,
touchinteractionhasnotreceved muchattentionin the past[13], but
morework is startingto appeaf20] andit hasalreadybeenusedin ap-
plications[23]. Thistypeof interactionis presenin Scenario2.1and
2.2,wheredifferentlysizedtouchscreensreutilized. Whenanalyzing
thisinteractiontechniquefrom a presentatiomperspectie, theaudience
canseethemovementof thepresentes handsand ngers and,through
that,getanunderstandingf whatwill happeronthedisplaydevice.
Furthermorethereis little distancebetweertheinteractionplaneand
thedisplaysurfaceand,thus,spatiallycorrelatednteractioneventsare
well perceved. However, the presentehidespartof the screerdueto
the occludinghandsandarms.Thus,whenthe audiencegrows largerit
becomedarderfor every audiencenemberto seethe gesturesThe
domepresentatiorscenaio makesdirecttechniquessuchaspointing
with a nger or performinggestiresthataredirectly relatedto the con-
tent's positiononthe screerdif cult mainly dueto thelargedistance
betweerthe presenteandthe screenInstead,ndirecttechniquesnust
beused suclaslaserpointersrendereccursorson thescreengesture
recognitionor verbalcommunication.

Fig. 5. Presentation on large scale surface using the Kinect device as
an interaction technique to interact with the visualization trough hand
gestures.

3.2 Touchless Interaction

Touchlessnteractionis usefulin situations suchassugery[24], where
touchinganinteractiondevice is cumbersomer mustbe avoideddue
to, for example,hygienicconstraints Moving handsfreely in the air
enablesxpressve gesturesvithoutbeingrestrictedto 2D motionas
in the caseof directtouchinteraction.However, recognizingthe start
and endpoint of a gesturecanbe dif cult sincethereis no natural
deactvationstate[19]. Furthermorethe presentemightfeellessin
control of the data,even nglectingthe accurag of the tracking,as
thepersonis notdirectly touchingthedisplay surface.However, these
expressve movementscanbe seermoreclearly by theaudienceduring
apresentation.

TheScenarian 2.2includeshothadirecttouchandatouchlessetup.
Both setupshave beenusedinteractively when presentingscienti ¢
datafor the samegroup,usually consistingof around10-20people.
Thetouchlessetupcansupporta largeraudienceduethe placement
of thedisplaysurface but hasthe downside of a decouplednteraction
experiencewvheretheinteracton is performedfartheraway from the
displaysurface.

As we evaluatetheinteractionfrom anpresentatioperspectie and
how the audienceperceve it we have divided touchlesgnteractions
into two categories;registeredandunregisteredgesturesWe referto
anunregistered gestue whenthe audienceseeshatthe presenteis
performinginteractionghatareclearlydecoupledrom thedisplay A
registered gestue could be touchlessf the audiencepercevesit as
performedin correlationof the displaysurface,suchasinteractions
closeto awall-sizeddisplays,asdetailedin thework by Bezerianost
al. [3], whichis alsothefactwith all gesture®n atouchscreen.

For instanceafew numberof peoplestandingoehindthe presenter
canseethe presentes handsandhow they areprojectedon thedisplay
evenif thepresenters standingfar away from the display Thus,when
utilizing the correlationbetweenthe handpositionsandthe display
they areregisteredgesturesvenif thereis a touchlesssetup. With
this distinctionin mind, mostof the audiencen thetouchlesssetup
in Scenario2.2 will seethe gestues performedby the presengr as
unregisteredgestureswhile only afew mightlook uponit asregistered
gesturesAnotherexampleis whenthe gesturesredirectly projected
ontothedisplayasseenin thework by Benko etal. [2]. In their setup
thegesturesretrackedwith acamerawhichis mountedogethemwith
theprojector Thus,thetouchlesgyesturedecomeprojectedontothe
displaysurfaceandcanbe cateyorizedasa registeredgesture.

Froma presentatioperspectie, we preferregisteredgestureover
unreggisteredgesturesincetheaudiencanaybene t from interaction
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(a) The gure shavswhichinteractiontechniquecateyory thatis applicable
for varyingaudiencesizesanddisplaysizes.The orderingdoesnotimply

ary judgemenbn preferencef onemethodover another Voice controlis
applicableeverywhere.

. Workstation

Exhbition Area

B Auditorium
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(b) Shawing to which audiencesizesanddisplaysizesthe scenarioslescribed
in Section2 arerelevant.

Fig. 6. Showing the applicability and relevance of different interaction types and various environments. By using a side-by-side comparison of the two
gures, it is possible for interaction designers to pick a good subset of interaction techniques (a) for a speci ¢ scenario (b).

thatis closelycorrelatedwith the content.

Whenadecouplednteractionapproachs necessargertainelements
canbeintroducedn orderto helpthe audience As seenin Figure3,
a handcursor re ecting the projectionof the presentes hand, is
renderedn the scteen.Suchvisual cuesnot only helpthe presenter
but alsoallow the audienceo bettercomprehendavhich operationthe
presenteis currently performing,asthey cancorrelatethe location
of the presentes handin relationto the display. Furthermorethe
iconsin the bottom of the screenreduceshe numberof necessary
gesturemndalsomalke adirectconnectiorto thevisualization.When
the presenters moving the handtowardsanicon, the audiencemight
perceve thattheactionis aboutto happerascomparedo performing
thesameoperatiorthroughagestureor posturg14]. Thus,wholebody
movementg 11, 28] mightincreasehow well the audienceperceves
whattheinteractionis alteringin thevisualizationevenfurther

This type of interactionis alsopresenin Scenarid.3. Thetype of
touchlessnteractionsetupis quite similar. However boththe audience
sizeandthe displaysizearesubstantialljjarger. Oneissuewith this
systemis the dif culty in mappingphysical gestureto matchthe
visualizationglueto thelargescaleof theroomandthelargedifferences
in seatingposition. It is not possibleto placethe presentein sucha
way that the gesturesvould seemintegratedinto the visualization
for all viewerssimultaneouly. Seenfrom theaudiences perspectie,
touchlesgyesturesn this setuparemoreexpressve thanwhatdirect
touchgesture®nahandheldevice or atouchtablewould be. Thus,the
touchlesssetupcould be consideredisa moreexpressie presentation
tool thanutilizing atouchdevice for remotecommunicationasdone
by Coffey etal. [7].

3.3 Voice Control

Interactingwith thevisualizationby voiceis performedn Scenario2.3
(seeFigure4), wherethe presenteis communicatingverbally with
an entity controlling the visualization. The voice actsas an input
itself andbecomesninterfacedevice betweerthe presengr andthe
content.For our agumentationthereis no differenceif the presenter
is communicatingwith an operatorsteeringthe visualization,or an
adwancedvoice-recognitiorsystem asthe audiencedoesnot know
how theverbalcommandsreprocessedrromaninteractionpoint of
view, this meanghatthe audienceas witnessto theintendedactionof
theinteraction,ratherthanthe physical act of interactingitself. The
audience&knows that, for example thefocuswill beonaspeci ¢ part
of arenderingbeforeit happensRatherthanwitnessingthe manual
interactionleadingto thatfocus,it percevestheinteractionasbeing

completelydecoupledrom the presenterBy removing ary signsof

a physical interaction,the presenteican focus on the explanations
and contentratherthan multitaskingwith the presentatiorand the

controlling.

Froma presentatioraspectthis interactioncould generallybe per
ceivedasvery expressie andbene cial astheaudencecanunderstand
directly whatis goingto happertroughthe voice commandbeforeit
happensif thereis a naturalcorrelationbetweerthecommandandthe
changegerformedin the visualization. However, evenfor a perfect
voiceinteractionsystemthe ambiguityof naturallanguagecanrequire
along-windedexplanationin casesvherepreciseinteractionis needed.
Anotherdownsideis thatthe presentemugd interruptthe presentation
to give commandsand theremight alsobe a time delay beforethe
commands executed.

4 CLASSIFICATION

In orderto shav the applicability of aninteractiontechniquefor the
audiencewe introducea classi cation of the techniquescoveredin
our scenariosTheintentionwith the classi caion is to mapthetar
getedaudiencesizeagainsttheinteractiontechniquesn the presented
scenariosTheclassi cationwasderivedfrom our obserationsin the
presentedcenarios.

Figure6(a) shavs wherethe techniquesreapplicablein relation
to audiencesize and display size. In Figure 6(b), we complement
Figure6(a) suchthata mappingbetweerthe presentedechniquesand
scenarioganbe performedusinga side-by-&de comparison\We chose
to split up thetouchlessnteractionin our scenariosnto registeredand
unregisteredgesturesaspreviously detailedin Section3.2.

Thefollowing conclusons canbe dravn from the presentednap-
ping andclassi cation. Direct touchis utilized for interaction using
smallto medium-sizedlisplayswith asmallto medium-sizegudience.
Furthermoreregisteredgestureswherethe presentes interactionis
correlatedwith the visualizationandthe display are utilized for all
displaysizes but only for anaudienceof very few people.Unregistered
gesturesreutilized whenthedisplayareaandaudiencesizeis large,
becausenot all peoplefrom the audiencewould be ableto seethe
presentesinteraction,or whenthedisplaysurfaceis toolargefor close
interaction.Voice controlcouldbe usedin mostvariationsof display
andaudiencesizes. However, we believe thatthis interactionmight
be mostpreferablevhenno othertechniques suitablesincecurrent
technologydoesnot allow enoughcomplec and e xible interaction.

Ourclassi cationsareintroducedwith the purposeof shaving the
statusquo andto supportthe selectionof interactiontechniquedor



future presentatiorscenariosisingparametersuchasaudiencesize
anddisplay However, furtherstudiesareneededn orderto determine
if alternatve, or more,classi cationsarenecessary

Therearemoreadwancedclassi cationmethoddor interactiontech-
niques[17], especiallyfor 3D userinteraction[1, 10, 18], but thefocus
of theseclassi cationsis on the usabilityfrom a userperspectie only,
ratherthanthe applicabilityin presentatiorscenarios.

5 CONCLUSIONS

In this paperwe shareourthoughts pbsenationsandexperiencesgbout
interactiontechniquesn visualizationfrom anaudience-centrigiew,
ratherthanthemorecommonusercentricexploratoryway of designing
andevaluatingappropriaténteractionmethods.

In the previous sectionswe describedpresentatiorscenarioghat
requireinteractionandwe examinedthe typesof interactionutilized
today suchas 2D/3D userinterfacesandvoice. A subsebf interaction
techniquesindscenariosvereselectedo demonstrat@ wide spectrum
of currentpresentatiorsituations.A classi cationandmappingwas
introducedsuchthatnew typesof techniquesindusagescenarioxan
be putinto contet usingFigure6, therebygiving initial directionson
suitablecombinationf new interactiontechniquesndscenarios.

We believe thatresearctwithin audience-centerddteractiontech-
niguesshouldreceive moreattentionastheseareanessentiapart of
visualization knowledge-transfeandcommunication\We stronglyen-
couragaesearcherdeveloping2D and3D userinteractioninterfaces
to includethis aspecivhen evaluatingprevious andfuturetechngues.
Within this subpct, expertandnon-expertviewershave differentex-
perienceswith scienti ¢ dataandinteractiontechnigues.Thus,the
naturalnessf theinteractioncouldthereforebe completelydifferent
for variousgroupof viewers.
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