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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 techniques 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.

1 INTRODUCTION

Oral presentations,being the most traditional form of presentation
techniques,have beenaroundsincetime immemorial. While they were
initially limited to a lecturertalking, toolsandtechniqueshave been
addedto enhancethepresentation.A primeexampleof anenhancement,
which shows thatinteractiontechniquesmattera greatdeal,is medical
schools'educationbasedon thedissectionof cadaversin class.Here,
notonly thepresentedcontentis of interestbut alsothewaythelecturer
interactswith thecadaver.

In recentyears,differenttypesof interactionhavebecomeincreas-
ingly commonwhenpresentingvisualizationsdueto theintroduction
of low-cost interactiondevices. The variety in the interactiontech-
niquesallows us to analyzehow interactionsotherthanmouseand
keyboardaffect a presentation.Touchscreensarenow the de-facto
standardfor handhelddevices,supportingmulti-touchinterfacesfor
2D gesturessuchaspinchor swipe,while low-costsolutionsfor touch-
lessinteraction,such astheKinector LeapMotion, evensupport3D
whole-bodyinteraction interfaces[11, 28]. Theseinteractioninter-
faceshave inspireda rangeof applicationswithin interactive visualiza-
tion [8, 16, 25,27].

The focus in researchhasbeenplacedon the user's interaction
expertiseto determineif a typeof interactionis suitablefor acertain
scenariowithin interactive visualization[9, 29, 30]. Yet, therehas
notbeenmuchattentionon thefactthattheinteractionis alsopartof
the presentation andthereforeaffectsthe audience.As exempli�ed
in thedissectionexample,if theaudiencecaninfer whatwill happen
by witnessingthe interaction,thereis a signi�cant impacton their
understandingof thepresentation.
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Wecandraw ananalogyto the�eld of visualizationwhichgenerally
separatestheuseof visualizationinto exploration,analysisandpresen-
tationsteps,applyingdifferentapproaches,toolsandtechniquesfor
eachstep.While theexplorationphaserequiresa �e xible interaction
method,the presentationphaseis usually limited to a few predeter-
minedparameters.Theinterfacedesignercontrolswhatcanbeviewed
and,thus,makesthevisualizationmoreunderstandablefor theaudience.
Thedistinctionbetweeninteractiontechniquesusedfor explorationas
comparedto presentationhas,to ourknowledge,notbeenconsidered
andwewill focuson interactiontechniquesfor presentationpurposes
in thepresenceof a,possiblynon-expert,audience.

Importantparametersfor measuring”good” interactiontechniques,
with regardto communicationwith people,arehow expressive [4] and
natural[26] thegesturesandspeechare. While many studiesfocus
on analyzing theseaspectsfor interactionby a singleuseror group
of users[5, 6], we arguethat they alsoplay a signi�cant role when
observed by the audienceduring the presenter's interactionwith a
visualizationwhich happensin front of, andfor, theaudience.Apart
from controllinga visualization,theexpressivity andnaturalnessof
gesturesalsoin�uence theknowledgetransferfrom thepresenterto
the audience.Thus,a 3D userinteractioninterfacemight be more
preferablethana 2D userinteraction interface,evenif the3D interface
is morecomplex for theuser, asit mightbemoreexpressiveandnatural
for theaudienceto perceive.

Wearguethatthesuitabilityandexpressivity of aspeci�c interaction
methodis highly dependenton thescreensizesandtheaudiencesizes.
Wewill thereforeutilize scenariosfrom ourexperiencethatinvolve a
personinteractingwith avisualizationin orderto presentinformation
to a, in generalnon-expert,audience(seeSection2). Thescenarios
cover differentsituationswith varying audiencesizesandshow the
resultingconstraintson theinteractiondesign.

Basedonthesescenarios,wederiveclassesof interactiontechniques
andinvestigatetheir attributesrelatedto suitability for theaudience
(seeSection3). We will maketheclassi�cationdevice-agnostic,as
differencesin the fundamentalprinciplesbetweenmany interaction
devicesin thesameclassaresmall.For eachclass,theapplicabilityand
usefulnessfor differentaudiencesizesis investigatedanddiscussed.
Section4 reevaluatesthepresentedscenariosin thesameframework
andconnectsthescenarioswith thederivedclasses.



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

2 SCENARIOS

Thescenariosdescribedin this sectionaredrawn from ourexperience
in presentingscienti�c datato audiencesof varyingsizesandexpertises.
We do not claim to cover all possiblepresentationcases in this section,
yet we selecteda subsetof scenariosthat cover a large variety of
situations.

2.1 Presentations using a Workstation

In this scenario,thepresentationis performedon a smallscreen,either
handheldor adesktopmonitor, andtheaudienceusuallyconsistsof a
singlepersonor asmallgroup.As thissetupwill bemostfamiliar to
readers,wekeepthedescriptionof thissectionconcise.Thedistance
betweentheaudienceandthepresenteris typically smallandallows
for a closecommunication.The audiencecaneasily communicate
preferencesin whatto exploreandmay, in somecases,evenintervene
with thepresenterto interactwith thevisualization.

An intuitive interactioncanthereforeengagetheaudienceandcreate
a moredynamicpresentation. An examplecanbe seenin Figure1,
wherethepresenterusesa touchscreenor touchpadto interactwith an
ultrasoundscanof a fetus.Thestandardinteractionmodearecamera
interactions,whererotation,translationandzoomis controlledwith
single�nger touchor multiple �nger gesturesinterpretedin 2D. The
presentercan,in this case,switchto differentmodesto controlother
aspectsof thevisualization.For instance,anothermodewill change
theinterpretationof thesingle�nger touchsuchthatthethresholdand
opacityof themappingbetweendataandcolorsis changedaccording
to thehorizontalandverticalmovement.

2.2 Presentations in Exhibition Area

In a public exhibition area,bothsmall to mediumsizeddisplaysare
often utilized to showcaseandexplore scienti�c data. It is mostly
targetedat non-expert usersandviewersthat interact,andseeothers
interact,whichrequiresintuitiveandnaturalinputmethods.Thereexist
a wide rangeof setupswith displaysandgadgetsfor immersive and
exploratorypurposesthatcanbeutilized in anexhibition area[21, 22].
Thatfact,togetherwith a reasonablelevel of functionality, motivates
the usageof a hands-onlysetupeither throughdirect touch[20] or
touchlessmethods[26].

Figure2 shows anexhibition setupexample,known asthevirtual
autopsytable[23], wheredata,suchasaCT scanof ahuman,canbe
exploredusingmulti-touchgestures.Rotationandtranslationof the
objectaredonevia verticalandhorizontalmovements,while zoomingis
performedwith a two-�nger pinchgesture.Various2D iconsareshown
aroundthe visualizationfor stateswitchingandpresentingrelevant
informationaboutthedata.Othericonsareusedto changeclippingand
transparency levelswithin thevisualization,whicharealsomanipulated
with asingle�nger touch.

Althoughthetableworksbasicallythesameasahandhelddevice,
it is moreappropriatefor a larger audienceasthe areasurrounding

Fig. 2. A touch 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.

thetableincreasestheaccessibilityto boththeinteractionsurfaceand
thevisualization.This typeof setuphasbeenappreciatedby boththe
presenterandtheaudiencedueto intuitive interactionaswell asthe
largedisplay.

Thesetupin Figure3 can,at a �rst glance,seemsimilar to Figure2
in termsof exploring data.However, thedisplaysurfacedoesnothave
directtouchcapabilities,but is controlledby trackingthemovements
of thepresenter'shandsin 3D. Thevisualizationis supportedby state
icons,which allow thepresenterto selecta datasetfrom a choiceof
four presets.A handcursoris renderedontothescreenthatmimicsthe
movementsof thepresenter's right hand.Theleft handis trackedand
utilized to switchbetweendifferentrenderingstatessuchasmoving
thecameraor light sourceinteraction.

2.3 Presentations in an Auditorium

A commonscenariois a presenterstandingin front of a seated,or
otherwisestationary, audience.Theaudienceis typically large,ranging
from tensto hundredsof people.Thedisplaysystemwe usein this sce-
nariois awide �eld-of-view hemisphericaldomesurfacewith seating
for 99 audiencemembers(seeFigures4 and5). Thedometheateris
similar to traditionalplanetariums,but thecontentis producedusing
aninteractive renderingsysteminstead.Dueto thesizeof thescreen,
andlargedifferencein seatinglocation,it canbedif� cult for partsof
theaudienceseeboththevisualizationandthepresenterat thesame



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,smallmovementsmaybehardto seefor the
audiencein thebackseats.Themaininteractiontechniqueusedby the
presenterin practiceis talking to anoperatorwhich, in turn,directly
controlsthevisualization.Fromthepointof view of theaudiencethe
operatoris completelytransparentandthe interactionendswith the
presenterverballygiving commands.

Wehavealsomadeexperimentswith touchlessinteraction,where
gesturesareperformedthough�nger andhandmovements,asseen
in Figure5. Here,movementsaredesignedto re�ect theoperations
performedon thescreen.For instance,moving a clip planetowards
andaway from thecameraisdoneby thepresentermoving hishands
towardsandaway from himself.As thewhole-bodycanbetrackedin
3D thepresentercouldreachout to pull or pushthevisualizationcloser
or furtheraway.

3 INTERACTION TECHNIQUES FROM THE SCENARIOS

The purposeof this paperis not to cover every possibleinteraction
setupbestsuitedfor thescenarios,but ratherto analyzethecurrentones
andcategorizethemin differentgroupsthatareutilized throughoutthe
scenarios.Therefore,we summarizetheinteractiontechniquesthatcan
bederivedfrom of ourscenariosanddiscusstheirapplicability. For a
state-of-the-artoverview of visualizationon interactive displays,the
survey by Isenberg etal. [12] is recommended.

3.1 Direct Touc h Interaction

Direct interactionwith anobjectin thescenegivestheusera feel of
controlover theobject[15]. Theusertouchesthescreenandthe2D
motionis mappedto a3D manipulationof theobject,for instanceby
mimicking the interactionof a trackball. In scienti�c visualization,
touchinteractionhasnot receivedmuchattentionin thepast[13], but
morework is startingto appear[20] andit hasalreadybeenusedin ap-
plications[23]. This typeof interactionis presentin Scenarios2.1and
2.2,wheredifferentlysizedtouchscreensareutilized. Whenanalyzing
this interactiontechniquefrom a presentationperspective, theaudience
canseethemovementsof thepresenter'shandsand�ngers and,through
that,getanunderstandingof whatwill happenon thedisplaydevice.
Furthermore,thereis little distancebetweentheinteractionplaneand
thedisplaysurfaceand,thus,spatiallycorrelatedinteractioneventsare
well perceived.However, thepresenterhidespartof thescreendueto
theoccludinghandsandarms.Thus,whentheaudiencegrows largerit
becomesharderfor every audiencememberto seethegestures.The
domepresentationscenario makesdirecttechniques,suchaspointing
with a �nger or performinggesturesthataredirectly relatedto thecon-
tent'spositionon thescreendif�cult mainlydueto thelargedistance
betweenthepresenterandthescreen.Instead,indirecttechniquesmust
beused suchaslaserpointers,renderedcursorson thescreen,gesture
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 Touc hless Interaction

Touchlessinteractionis usefulin situations,suchassurgery[24], where
touchinganinteractiondevice is cumbersomeor mustbeavoideddue
to, for example,hygienicconstraints.Moving handsfreely in theair
enablesexpressive gestureswithout beingrestrictedto 2D motionas
in thecaseof directtouchinteraction.However, recognizingthestart
and endpoint of a gesturecanbe dif�cult sincethereis no natural
deactivationstate[19]. Furthermore,thepresentermight feel lessin
control of thedata,even neglectingtheaccuracy of the tracking,as
thepersonis not directly touchingthedisplay surface.However, these
expressivemovementscanbeseenmoreclearlyby theaudienceduring
apresentation.

TheScenarioin 2.2includesbothadirecttouchandatouchlesssetup.
Both setupshave beenusedinteractively whenpresentingscienti�c
datafor thesamegroup,usuallyconsistingof around10–20people.
Thetouchlesssetupcansupporta largeraudienceduetheplacement
of thedisplaysurface,but hasthedownsideof a decoupledinteraction
experiencewheretheinteraction is performedfartheraway from the
displaysurface.

As we evaluatetheinteractionfrom anpresentationperspective and
how theaudienceperceive it we have divided touchlessinteractions
into two categories;registeredandunregisteredgestures.Wereferto
anunregisteredgesture whentheaudienceseesthat thepresenteris
performinginteractionsthatareclearlydecoupledfrom thedisplay. A
registered gesture could be touchlessif the audienceperceivesit as
performedin correlationof thedisplaysurface,suchasinteractions
closeto a wall-sizeddisplays,asdetailedin thework by Bezerianoset
al. [3], which is alsothefactwith all gesturesona touchscreen.

For instance,a few numberof peoplestandingbehindthepresenter
canseethepresenter'shandsandhow they areprojectedon thedisplay,
evenif thepresenteris standingfar away from thedisplay. Thus,when
utilizing thecorrelationbetweenthehandpositionsandthe display,
they areregisteredgestureseven if thereis a touchlesssetup. With
this distinctionin mind, mostof theaudiencein the touchlesssetup
in Scenario2.2 will seethe gesturesperformedby the presenter as
unregisteredgestures,while only a few might look uponit asregistered
gestures.Anotherexampleis whenthegesturesaredirectly projected
ontothedisplayasseenin thework by Benko etal. [2]. In their setup
thegesturesaretrackedwith a camerawhich is mountedtogetherwith
theprojector. Thus,thetouchlessgesturesbecomeprojectedontothe
displaysurfaceandcanbecategorizedasa registeredgesture.

Fromapresentationperspective,wepreferregisteredgesturesover
unregisteredgesturessincetheaudiencemaybene�t from interaction
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(a) The�gure showswhich interactiontechniquecategory thatis applicable
for varyingaudiencesizesanddisplaysizes.Theorderingdoesnot imply
any judgementonpreferenceof onemethodover another. Voicecontrolis
applicableeverywhere.

Workstation

Exhibition Area

Auditorium

(b) Showing to whichaudiencesizesanddisplaysizesthescenariosdescribed
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�c scenario (b).

thatis closelycorrelatedwith thecontent.
Whenadecoupledinteractionapproachis necessarycertainelements

canbeintroducedin orderto helptheaudience.As seenin Figure3,
a handcursor, re�ecting the projectionof the presenter's hand, is
renderedon thescreen.Suchvisualcuesnot only helpthepresenter,
but alsoallow theaudienceto bettercomprehendwhichoperationthe
presenteris currentlyperforming,asthey cancorrelatethe location
of the presenter's handin relation to the display. Furthermore,the
icons in the bottomof the screenreducesthe numberof necessary
gesturesandalsomake adirectconnectionto thevisualization.When
thepresenteris moving thehandtowardsanicon, theaudiencemight
perceive thattheactionis aboutto happenascomparedto performing
thesameoperationthroughagestureor posture[14]. Thus,wholebody
movements[11, 28] might increasehow well theaudienceperceives
whattheinteractionis alteringin thevisualizationevenfurther.

This typeof interactionis alsopresentin Scenario2.3. Thetypeof
touchlessinteractionsetupis quitesimilar. However boththeaudience
sizeandthedisplaysizearesubstantiallylarger. Oneissuewith this
systemis the dif� culty in mappingphysical gesturesto matchthe
visualizationsdueto thelargescaleof theroomandthelargedifferences
in seatingposition. It is not possibleto placethepresenterin sucha
way that the gestureswould seemintegratedinto the visualization
for all viewerssimultaneously. Seenfrom theaudience'sperspective,
touchlessgesturesin this setuparemoreexpressive thanwhatdirect
touchgesturesonahandhelddeviceor atouchtablewouldbe.Thus,the
touchlesssetupcouldbeconsideredasamoreexpressivepresentation
tool thanutilizing a touchdevice for remotecommunication,asdone
by Coffey etal. [7].

3.3 Voice Contr ol

Interactingwith thevisualizationby voiceis performedin Scenario2.3
(seeFigure4), wherethe presenteris communicatingverbally with
an entity controlling the visualization. The voice actsas an input
itself andbecomesaninterfacedevice betweenthepresenter andthe
content.For ourargumentation,thereis nodifferenceif thepresenter
is communicatingwith an operatorsteeringthe visualization,or an
advancedvoice-recognitionsystem, asthe audiencedoesnot know
how theverbalcommandsareprocessed.Fromaninteractionpointof
view, thismeansthattheaudienceis witnessto theintendedactionof
the interaction,ratherthanthephysicalactof interactingitself. The
audienceknows that, for example,thefocuswill beonaspeci�c part
of a renderingbeforeit happens.Ratherthanwitnessingthemanual
interactionleadingto thatfocus,it perceivestheinteractionasbeing

completelydecoupledfrom thepresenter. By removing any signsof
a physical interaction,the presentercan focus on the explanations
and contentratherthan multitaskingwith the presentationand the
controlling.

Fromapresentationaspect,this interactioncouldgenerallybeper-
ceivedasveryexpressiveandbene�cial astheaudiencecanunderstand
directlywhatis goingto happentroughthevoicecommand,beforeit
happens,if thereis a naturalcorrelationbetweenthecommandandthe
changesperformedin thevisualization.However, evenfor a perfect
voiceinteractionsystem,theambiguityof naturallanguagecanrequire
a long-windedexplanationin caseswherepreciseinteractionis needed.
Anotherdownsideis thatthepresentermust interruptthepresentation
to give commandsandtheremight alsobe a time delaybeforethe
commandis executed.

4 CLASSIFICATION

In orderto show theapplicabilityof aninteractiontechniquefor the
audience,we introducea classi�cationof the techniquescoveredin
our scenarios.Theintentionwith theclassi�cation is to mapthetar-
getedaudiencesizeagainsttheinteractiontechniquesin thepresented
scenarios.Theclassi�cationwasderivedfrom our observationsin the
presentedscenarios.

Figure6(a)shows wherethetechniquesareapplicablein relation
to audiencesizeanddisplaysize. In Figure 6(b), we complement
Figure6(a)suchthata mappingbetweenthepresentedtechniquesand
scenarioscanbeperformedusingaside-by-sidecomparison.Wechose
to split up thetouchlessinteractionin our scenariosinto registeredand
unregisteredgestures,aspreviously detailedin Section3.2.

Thefollowing conclusionscanbedrawn from thepresentedmap-
ping andclassi�cation. Direct touchis utilized for interaction using
smallto medium-sizeddisplayswith asmallto medium-sizedaudience.
Furthermore,registeredgestures,wherethepresenter's interactionis
correlatedwith the visualizationandthe display, areutilized for all
displaysizes,but only for anaudienceof very few people.Unregistered
gesturesareutilizedwhenthedisplayareaandaudiencesizeis large,
becausenot all peoplefrom the audiencewould be able to seethe
presenter's interaction,or whenthedisplaysurfaceis too largefor close
interaction.Voicecontrolcouldbeusedin mostvariationsof display
andaudiencesizes.However, we believe that this interactionmight
bemostpreferablewhenno othertechniqueis suitablesincecurrent
technologydoesnotallow enoughcomplex and�e xible interaction.

Ourclassi�cationsareintroducedwith thepurposeof showing the
statusquo andto supporttheselectionof interactiontechniquesfor



futurepresentationscenariosusingparameterssuchasaudiencesize
anddisplay. However, furtherstudiesareneededin orderto determine
if alternative,or more,classi�cationsarenecessary.

Therearemoreadvancedclassi�cationmethodsfor interactiontech-
niques[17], especiallyfor 3D userinteraction[1, 10, 18], but thefocus
of theseclassi�cationsis on theusabilityfrom a userperspective only,
ratherthantheapplicabilityin presentationscenarios.

5 CONCLUSIONS

In thispaperweshareour thoughts,observationsandexperiencesabout
interactiontechniquesin visualizationfrom anaudience-centricview,
ratherthanthemorecommonuser-centricexploratorywayof designing
andevaluatingappropriateinteractionmethods.

In theprevioussections,we describedpresentationscenariosthat
requireinteractionandwe examinedthetypesof interactionutilized
today, suchas 2D/3D userinterfacesandvoice.A subsetof interaction
techniquesandscenarioswereselectedto demonstrateawidespectrum
of currentpresentationsituations.A classi�cationandmappingwas
introducedsuchthatnew typesof techniquesandusagescenarioscan
beput into context usingFigure6, therebygiving initial directionson
suitablecombinationsof new interactiontechniquesandscenarios.

We believe thatresearchwithin audience-centeredinteractiontech-
niquesshouldreceive moreattentionastheseareanessentialpartof
visualization,knowledge-transferandcommunication.We stronglyen-
courageresearchersdeveloping2D and3D userinteractioninterfaces
to includethisaspectwhen evaluatingpreviousandfuturetechniques.
Within this subject,expertandnon-expertviewershave differentex-
perienceswith scienti�c dataandinteractiontechniques.Thus,the
naturalnessof theinteractioncouldthereforebecompletelydifferent
for variousgroupof viewers.
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