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Abstract

Cross-modalinteraction in graphical communication
is obsened in collaboratve problem-solvingsettings.
Graphical communications, such as dialogues using
maps,drawings, or pictures,provide peoplewith two in-

dependenimodalities: speechand draving. Although

theamountof drawing/self-speecloverlapis stronglyaf-

fectedby actwity-dependentonstraintdimposedby the
task, the amountof drawing/partners speechoverlap is

affectedonly weakly by theseconstraintsHowever, they

do affect the function of the utterancesn the caseof

drawing/partners speectoverlap. Theseresultsshav that
activity-level constraintsaffect the way speechcoordi-
natesdraving actvities in cross-modalnteraction. Fur-

thermorejt suggestshatturn-takingin multimodalcom-
municationrequireggenerabnalysesntegratingthefunc-

tionsof differentmodalities.

I ntroduction

Every joint actiity requirescoordinationamongits par
ticipants. Whena bandplaysa piece,eachmemberhas
to work onthe samekey, keepthesamerhythm,andstart
andendat the sametime (Clark (1996)). Someof these
coordinatingacts can be done acrossdifferent modali-
ties. In the caseof music,a soloistcansignalthe endof
her inprovisationnot only with a phrasesuggestinghe
solo’s end,but alsowith eye-contact.

Communicationis also a joint actwity, and partici-
pantsmust coordinatewith eachother One outstand-
ing coordinationprinciple in corversationis sequential
turn-taking in speechchannels. Several studieshave
beencarriedout on speechturn coordination,andsome
of themanalyzecross-modainteractionbetweerspeech
and norverbal behaiors suchas gazeand posture(Ar-
gyle etal. (1976), Kendon(1967)). In this paper we
investigatethe interactionbetweenspeechanddrawing,
anothempowerful communicatiormedium.

Turn-takingin speechinvolvesa wide variety of fac-
torssuchassociologicalprinciples thelimitationsof hu-
mancognitive capacityandsoon. Onepotentiallystrong
factorfor sequentiaturnsin speechs theresourcechar
acteristicof media: speechmediaaffords only oneper
son’s speechsoundsat a time. Sacksetal. (1974)re-
gardverbalturnsasaneconomicaesourcedistributedto
conversationparticipantsaccordingto turn organization
rules.Accordingto them,oneof themaineffectsof these

turn organizationrulesis the sequentialityof utterances.

They obsenethatonepartytalksatatimein mostcases.

Drawing, onthecontrary hasquitedifferentcharacter
istics from speech.First, drawing is persistenivhereas
speechs not. Drawing remainsunlesserasedwhereas
speechdissipatesiight after it occurs. A drawing can
beunderstoodnuchlaterthanwhenit is actuallydrawvn,
whereaspeechmustoccurin realtime. Seconddraving
hasa muchwider bandwidththanspeech.Two or more
drawing operationscan occur at the sametime without
interferingwith eachother whereassimultaneousitter
ancesare hard to understand. Theseresourcecharac-
teristics allow for simultaneousdrawing. There have
beenseveralstudiesondrawing interactionin theHuman
Computerinteractionfield in the context of computer
supportecdcollaboratve work. Someresearcherareop-
timimistic aboutthe possibilitiesof simultaneougiraw-
ing (Stefiketal. (1987),Whittaker etal. (1991)),though
othersarenot (Tataretal. (1991)).

To approachthis problem, Umata et al. (2003)
have introducedyet anotherview basedon the actiity-
dependentonstraintdmposedby the taskperformedin
theinteraction.The analyseshav thatsequentiaktruc-
ture is mandatoryin drawing either when the draving
reflectsthe dependengcamongtheinformationto be ex-
pressedor whenthe drawing processitself reflectsthe
proceedingof a target event. Furtheranalysesshav
that speechinteraction, which is alreadyrestrictedby
the resourcecharacteristic®f media,is not affectedby
actiity-dependentonstraintfUmataetal. (2004)).

The relation betweendrawing and speechmodalities
is, however, still notquiteclear Takeokaetal. (2003)an-
alyzedface-to-&cegraphicalcommunicatiorandfound
thatbothutterancesvithoutdravingsandutterancesol-
lowedby the spealer'sdravingsbehae similaryin turn-
holding function. They alsoshav that longer silences
areallowedwhile drawing is takingplace. Theseresults
suggesthatturnsin communicationcanbe maintained
acrossspeechanddraving modalities. This is alsosup-
portedby the finding thatdrawing/self-speecloverlapis
muchmorefrequentthandrawing/partnersspeectover-
lap (Umataetal. (2004)). The assumptiorof continuous
turnsacrossmodalitiesis appealingfrom the viewpoint
of modalintegration: speechandgraphicmodalitiesde-
cribe their target not just independenthbut alsojointly,
with linguistic phraseslescribingthe targetvia graphics
(Umataetal. (2000)).

In thefollowing partof this paperwe analyzenterac-
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tion acrossthesetwo modalities,focusingon drawing-
speechoverlap. The results shov that the activity-
dependentconstraintsstrongly affect the amount of
drawing/self-speecloverlap, whereaghey only weakly
affect the amount of drawing/partners speechover-
lap. Theseconstraints,however, do affect how their
drawing actvities are coordinatedverbally. We argue
that actity-level constraintsaffect not only drawing-
drawing interactionorganizatiorbut alsocross-modain-
teractionorganization.

Drawing Turnsand Speech Turns

As we have seenin the previous section,the sequential-
ity of speechturns hasbeenattributed to the resource
characteristicef speechpnamelynon-persistencendre-

strictedbandwidth. The assumptioris that we cannot
comprehendwo spolen utterancest the sametime be-

causeof the bandwidthlimitation, while we cannotde-

lay comprehendingne utteranceuntil later becauseof

the non-persistentharacteristic.Drawing, on the con-

trary, functions quite differently in regardto theseas-

sumptions,and it may have potential for parallel turn

organization. Therehave beenseeminglycontradictory
obsenations of draving turn organization;one is that

drawing turnscanbe parallel,andthe otheris that they

cannotbe parallel. Umataet al. (2003)suggestedhat

thereis yetanotherkind of constrainthasedn theactiv-

ities peopleareengagedn. Accordingto this view, se-
guentialstructures mandatoryin drawing in somecases
but notin others.

Sequentiality Constraints

1. Drawing interactionoccursin sequentialturns
undereitherof thefollowing conditions:

(a) Information Dependeng Condition: When
thereis adependengcamongtheinformationto
be expressedy drawing;

(b) EventAlignmentCondition: Whendrawing op-
erationsthemseles are usedas expressionsof
theproceeding®f targetevents.

2. Sequentialturns are not mandatoryin drawing
actiitieswhenneitherconditionholds(andwhen
persistenceand certain bandwidthsof drawing
areprovided).

The rationalefor the information dependeng condi-
tion is the intuition that whenone pieceof information
dependon anothey the groundingof the former piece
of informationis more efficient after the groundingof
the latter hasbeencompleted. This shouldbe the case
whethera particularspealer is explainingthelogical de-
pendeng in questionto her partnersor all participants
arefollowing thelogical stepstogether

Event alignmentis a strateyy for expressingthe un-
folding of an event dynamically using the processof
drawing itself as a representation.For example,when
you arereportingon how you spenta day in a town by
usinga map,you might draw aline thatshows theroute

you actuallytook onthemap.In doingso,you arealign-

ing thedrawing eventwith the walking eventto express
thelatterdynamically Our hypothesiss thatsimultane-
ousdrawing is unlikely while this strateyy of eventalign-

mentis employed. Underthis condition,the movement
or procesof drawing is the maincarrierof information.
Thetraceof draving hasonly a subsidiaryinformational
role. Thus,in this particularuseof drawing, its persis-
teng is largely irrelevant. The messagenustbe com-
prehendedndgroundedn realtime, andthe bandwidth
affordedby thedrawing surfacebecomesrrelevant. This

requirementeffectively prohibitsthe occurrenceof ary

othersimultaneousirawing.

An analysison the corpusgatheredfrom collabora-
tive problem-solvingtasksdemonstrateshat thesetwo
actiity-dependentonstraintscanoverridethe resource
characteristicsf thedrawing media,therebyenforcinga
sequentiaturn organizationsimilar to thoseobsenedin
verbalinteractiongUmataet al. (2003)).

Theseactivity-dependentonstraintshowever, do not
affect the speechturn organizationthat is already af-
fectedby resourcecharacteristicsThe amountof simul-
taneouspeectshavs no differenceamongdifferenttask
conditions(Umataetal. (2004)).

In the following part of this paper we will look into
the detailsof cross-modabverlap, basedon the analy-
sis of collaboratve problem-solvingtask datagathered
by Umataet al. (2003). We will comparethe speech
turn organizationpatterndn differenttasksettingsto see
whetheractvity-dependentonstraintaffecttheamount
of drawing-speectoverlap.

Method

An experimentin which subjectsvereasledto commu-
nicategraphicallywasconductedo examinetheeffectof

thetwo factorspresentecbove ontheirinteractionorga-
nization. In theseexperiments 24 pairsof subjectavere
asled to work collaboratvely on four problem-solving
tasksusingvirtual whiteboards.

Experimental Setting

In the experimentsreportedhere,two subjectscollabo-
ratively worked on four differentproblem-solvingasks.
All of the subjectavererecruitedfrom local universities
andpaid a smallhonorariumfor their participation.The
subjectswere seatedn separatesoundproofroomsand
worked togetherin pairs using a sharedvirtual white-
board (50 inches)and a full duplex audio connection.
The subjectswere video-tapedduring the experiment.
They alsowore cap-like eye-trackingdevices that pro-
videddataindicatingtheir eye-gazepositions.The order
in which thetaskswerepresentedvasbalancedetween
the24 pairssothatthepresentatiomrderwould nothave
anaffectontheresults.Thetime limit for eachtaskwas
six minutes.

At thestartof eachtask,aninitial diagramwasshown
onthesubjects’sharedvhiteboardandthe subjectsvere
thenfreeto speako oneanothelandto drav anderaseon
the whiteboard. The only limitation to this drawing ac-
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tivity wasthatthey couldnot eraseor occludetheinitial
diagram.All drawing actiity onthewhiteboardvasper
formedwith a hand-heldstylusdirectly ontothe screen,
andary writing or erasingby one participantappeared
simultaneouslyn the whiteboardn the partners room.
The stylus controlledthe position of the mousepointer
and, when not drawing, the positionsof both subjects’
mousepointerswveredisplayednthesharedvhiteboard.

Tasks

Deduction Task with an Event Answer (1€) A logical
reasoningproblemwith a correctanswer The problem
asksthe subjectsto describethe arrangemenof people
aroundatableandtheorderin whichthepeoplesit down.
This seatingarrangemenaind order must satisfy some
restrictions(e.g., “The fifth personto sit is locatedon
theleft-handsideof personB.”). A circlerepresentin@
roundtablewasshavn on the whiteboardat the startof
thetask. This taskhasstronginformationaldependeng
andstrongeventalignment.

Deduction Task with a State Answer (1s) A logical
reasoningproblemwith a correctansweraskingthatthe
subjectdesignaseatingarrangemergatisfyingsomere-
strictions(e.g.,“S cannotsit next to M.”). A circle rep-
resentinga roundtablewasshavn on the whiteboardat
the startof the task. This taskhasstronginformational
dependengandlooseeventalignment.

Design Task with an Event Answer (2e) A taskwith

anopen-endednsweyaskingsubjectdo make anexcur-

sionitinerary basedon a given town map. A complete
town map was shavn on the whiteboardat the start of

the task. This taskhasweakinformationaldependeng
andstrongeventalignment.

Design Task with a State Answer (2s) A taskwith an
open-endednsweyaskingthe subjectgo designatown
layoutto their own liking. An incompletetown mapwas
showvn on the whiteboardat the startof the task. This
taskhasweakinformationaldependengandlooseevent
alignment.

Data

During eachtask,all drawving, erasingandmousemove-
mentsby eachsubjectwererecordedn adatafile. Using
thisdata,theamountof simultaneouslraving wascalcu-
latedasthetotal time spentdrawing simultaneoushasa
percentag®f thetotal time eithersubjectspentdrawving
(i.e., the sumof the time intenals in which both sub-
jectsdrew simultaneouslyividedby thesumof thetime
intervals in which at leastone of the pair drew on the

INotethatthesecatayoriesarerelative ratherthanabsolute.
For example,(2e) alsohasinformationaldependengto a cer
tain extentin that eachpath hasto startfrom the icon of the
previous placethey decidedo visit. However, they canchoose
the next destinationfreely. Thusinformationaldependengis
muchwealer thanin the casesof the seatarrangementasks
whereonedecisionsignificantlynarravs down the subsequent
alternatves;e.g.,seatingapersorM in acertainpositionmeans
only Sor O cansit right next to P, andsoon.
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Figurel: Proportionof drawing/self-speecloverlaps

whiteboard). Speechwasrecordedwith video-dataand
labeledby hand. As with the drawing data,the amount
of simultaneouspeechwvas calculatedasthe total time
spenttalking simultaneoushasa percentagef the total
time eithersubjecttalked.

Analysis1
Drawing/Self-Speech Overlap

As shown in Figure 1, the proportionof draving/self-
speectoverlaptime to total drawing time wasthe small-
estin the designstate (2s) condition. This datawas
enteredinto a 2 x 2 Analysis of Variance(ANOVA).
Both problem type (deductionand design) and solu-
tion type (state and event) were treated as within-
subject factors. Analysis revealed a main effect of
problemtype F(1,47)=24.968p<.001andsolutiontype
F(1,47)=21.783p<.001landshavednointeractionFs <
1

' Thus,it wasshowvn thatthe proportionof drawing/self-
speectoverlapis smallerwhenthetaskhaseitherwealer
informationaldependengor wealer eventalignment,or
both.

Drawing/Partner’s Speech Overlap

As shawvn in Figure 2, the proportion of draw-
ing/partners speechoverlaptime to total drawing time
demonstratech significant, but smaller differencein
each condition comparedto the caseof self overlap.
This data was enteredinto a 2 x 2 ANOVA. Both
problemtype (deductionand design)and solutiontype
(stateand event) were treatedas within-subjectfactors.
Analysis shaved a simple main effect of solutiontype
F(1,47)=4.484p=.04.No effectwasfoundfor the prob-
lemtype,andanalysisshavednointeractionFs < 1.
The analysisshaved that the proportion of draw-
ing/partners speechoverlapis only weakly affectedby
theeventalignmentcondition.

Discussion for Analysis1

The amountof drawing/self-speectoverlap is smaller
when the task has either wealer informational depen-
deng or wealer eventalignment,or both. The activity-

dependentonstraintavork on self-cross-modabverlap
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Figure 2: Proportionof drawing/partners speechover-
laps

in theoppositewvay of simultaneousiraving: theamount
of simultaneoudrawing is smallerwhen the task has
strongerinformationdependeng or wealer eventalign-
ment,or both.

This resultseemgquite reasonabléf we considerthe
way peoplecoordinatetheir drawing actiities verbally.
Whittaker et al. (1991) obsered verbal coordination
of drawing actvities throughthe examinationof shared
whiteboardcommunicatiowith andwithout theaddition
of a speechchannel. They foundthat permanentnedia
suchasa whiteboardprovidesuserswith spacefor con-
structing shareddatastructuresaroundwhich they can
organizetheir actvity. With the addition of a speech
channelpeopleusedthewhiteboardgo construcshared
datastructureghatmadeup the CONTENT of thecom-
munication,while speechwasusedfor coordinatingthe
PROCESSof communication.

As obsenedin Umataet al. (2004),utterance€oor
dinating drawing actvwities arealsocommonlyfound in
ourtasks.Figure 3is asnapshofrom thedeductve state
task (1s). SubjectsA andB have just agreedto fix M’s
seatfirst, and A suggests M’s seatshouldbe ... here,
right?” while drawing the sign M. Then, B givesverbal
acknavledgement;Y es’ Here,A'sutterancesenesasa
signalfor his draving activity.

Suchsignalutterancesypically preceediravings,and
drawingsfollow, overlappingthem. Signalutterancesre
expectedo occurmoreoftenwhenpeoplefeel astronger
needto coordinatetheir drawing actities; i.e., in cases
whereactity-level constraintgequiresequentiatirav-
ing turns. As expected,drawving/self-speectoverlapis
mostfrequentwhenthetaskhasstronginformationalde-
pendeng or tight eventalignment,or both.

Therearetwo otherpossibleexplanationsfor the re-
sult. Thefirst is that dravershave to give more verbal
explainationsof whatthey aredoingasthetaskincreases
in difficulty. This doesnot seemto be the case though.
First,thosesignalutteranceareusuallyquitesimpleand
short: e.g.,“M is here;] “Station] etc. Second,their
drawings are generallysimple and easyto understand
evenin the taskswith strongerconstraints. In the seat
arrangementiasks((1e),(1s)),eachiconis analphabetic

Figure 3: Sequentialdraving interaction coordinated
verbally (1)

letterstandingfor a person.lts positionon thetableicon
simply shovs wherethe personhasto be seatedandthe
sequencef lettersbesidethe table icon meansthe or-
derof the seating.In the caseof the excursionitinerary
task(2e), the dravings were mainly routeiconsand|a-
bels shaving time of arrival/departureandso on. The
meaningof eachdrawing is alsoclearto the partnerin
this case. On the other hand,someicons canbe unin-
telligible to the partnersin the caseof the town layout
task(2s): abox canmeana building icon, a stationicon,
or arything else. Actually, peoplesometimedadto ask
their partnerdor moreclarificationin (2s). Thus,the ut-
terancesboutwhatthey aredrawing arelikely to bejust
signalsratherthandetailedexplanationof their drawing.
The secondpossibleexplanationis that simultaneous
drawing andcross-modabverlapareaffectednot by the
activity-level constraintout by the symbolicstatusof the
drawing. Thatis, the draving requiressequentiallraw-
ing turn organizationin (1s), (1e) and(2e) becausehey
arenotjustasetof iconsbut ratheralanguage-like sym-
bolic system. This is alsounlikely, sincethe drawings
are almostequally simple throughoutthe tasks,as de-
scribedabore. It is possible though,thatmore compli-
catedsymbolicsystemgequiresequentiaturnsandthat
it is difficult to separatethe effect of the actity-level
constraintandthatof symbolicconstractionMore work
is requiredto illuminate the detailedmechanisnunder
lining sequentiatiraving turn organization.

The actiity-level constraintshave a muchwealer ef-
fect on the amountof drawing/partners speectoverlap.
Becausgeoplecannotpreciselypredictwhenandwhere
their partnerwill startdrawing, verbal coordinationof
drawing actiities typically takesthe form of signalut-
terancesThis maybewhy theseconstraintslid notim-
pactstronglyon the amountof drawing/partners speech
overlap.

Another possibleexplanationis that turnsin graphi-
cal communicatiortendto be maintainedacrossspeech
and drawing modalities. Drawing/self-speectoverlap
is much more commonthan partners speechoverlap
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Figure4: Frequenciesf verbalsignalsfor draving

(Umata et al. (2004)). The effect of activity-level
constraintss muchwealer, perhapshecausehe cross-
modal turn organizationalreadyblocks speechoverlap
by partners.

Analysis 2

It wasshawvn thatthe actiity-dependentonstraintsaf-
fect the amount of drawing/partners speechoverlap
only weakly, whereasthey strongly affect the amount
of drawing/self-speecloverlap. In this section,we an-
alyzedrawing/partners speectoverlapin moredetail to
determinewhetherthereareary differencesamongtask
conditions.

The drawing occurencesanalyzedabove were all
recordedas the time durationthat the penis touching
thescreen Somedrawing actvities aredividedinto seg-
mentsthat are too small underthis method. For exam-
ple, somesubjectdren mary dotsor linesto give colors
to someicons. It is unreasonabléo divide suchan ac-
tivity into mary drawing occurencesvhenwe perform
closeranalysison eachoverlappingcaseof drawing and
speechmodalities. The draving occurencesvithin 400
msecgapsareregardedasadrawing unit for theanalysis
below, in the sameway aswhenwe divide speechinto
utteranceunits. One memberof eachof the 24 dyads
testedwasrandomlyselectedor thefollowing analyses.

Verbal Signalsfor Drawings

Thefrequencie®f verbalsignalsin all drawing/partners
speectoverlapwerecomparecamongdifferenttaskcon-
ditions. The analysisshaved significantlydifferentpro-
portions amongconditions(x2(3) = 13775 p < .003).
More concretely verbal signals in drawing/partners
speectoverlaparemostfrequentin thedesignstatecon-
dition (2s),asshavn in Figure4 (adjustedesidual:(1e)
=-1.2,(1s)= —8.7,(2e) = -5.4, (2s) = 15.3). The
designstateconditionhasfewer verbalsignalsfor draw-
ing overall, sotheir high frequeng in drawing/partners
speectoverlapis ratheroutstanding.

Other Findings: Drawing Preceeded Overlaps

We alsocomparedhefrequencie®f drawing preceeding
overlapin drawing/partners speechoverlapamongdif-

100%
90% [
80% [
0%
60% [
50% [
40%
30%
20%
10%

0%

1e 1s 2e 2s

O Speech Preceeding E Drawing Preceeding

Figure5: Frequenciesf utterancereceedingverlap

ferenttaskconditions. The analysisshaws significantly
differentproportionshetweendeductionconditions(le,
1s) and design(2e, 2s) conditions(x2(3) =7.740p <
.005). More concretelythedesignconditionshave fewer
drawing preceedingoverlap than the deductioncondi-
tions, asshavn in Figure5 (adjustedresidual: (1e, 1s)
= —19.2,(2e, 2s) = 19.2). Peoplestartdrawing while
their partnersarespeakingnoreoftenin thedesigncon-
dition thanthe deductioncondition.

Discussionsfor Analysis 2

Drawing/partners speechoverlapincludesmore verbal
signalsfor drawings in the designstatecondition (2s)
thanin ary othercondition. This reflectsthe parallelin-

teractionstyle of drawing in (2s). While verbalsignals
sene to maintainsequentialdraving interactionin the
casewith strongemctiity-level constraintsthesesignals
oftenseneto coordinatearalleldraving activitieswhen
they occurin (2s). Verbalsignalsalsooverlapthe part-
ner's drawings in someof thesecases.Figure 6 shovs
onesuchcase.SubjectsA andB agreedo divide thede-
signtaskinto two sub-tasksthe designof a stationplaza
andthatof apark. Then,A said“Station; andB said“I’ Il

malke theforest, beforestartingtheir respectie draving
actwities. Here,they verbally coordinatedheir simulta-
neousdrawing actiity, andtheir verbal signalsoverlap
their partners drawings.

Drawing preceedingoverlap is more frequentin the
designcondition(1) thanin the deductioncondition(2).
This meansonly the informationdependeng constraint
affected the frequeny of speechpreceedingoverlaps.
Although we cannotgive ary clearexplanationfor this
phenomenonwe assumethis result reflectsthe differ-
ent characteristicof thesetwo actwity-dependenton-
straints. The information dependeng constrainthasa
more generalnatureacrossmodalities: whenone piece
of information dependson anothey the grounding of
the former piece of informationis more efficient after
the grounding of the latter has been completed. On
thecontrary eventalignments ratherdraving-modality-
specific: the drawing procesgeflectsthe procesof the
describedevent. In this sensedrawving activities areless
dependenon theinformationgivenin speectmodalities
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Figure 6: Parallel drawing interactioncoordinatedver
bally

thanin caseswith stronginformationdependeng How-

ever, the mechanisncausingthis phenomenomemains
unclear More work is requiredto demonstratéow the
two modalitiesinteract.

Conclusions

Basedon the data of collaboratve task solving set-
tings, we have analyzed cross-modalinteraction in
graphicalcommunication. We found that the amount
of drawing/self-speecloverlapis strongly affected by
the actiity-dependentonstraintswhile the amountof
drawing/partnersspeectoverlapis affectedonly weakly
by theseconstraints.

Thereare,however, significantdifferencesn thefunc-
tion of the utterancedn the caseof drawing/partners
speechoverlap. Drawing/partners speechoverlap in-
cludes more signal utterancesfor drawing when the
actiity-level constraintsare wealer. This result re-
flectstheparallelinteractionstyle of draving underweak
activity-level constraints.

Theprecedencef draving/partnersspeectoverlapis
alsoaffectedby the information dependeng constraint.
Althoughit is likely thatthe modality-generahatureof
this constraintplaysa significantrole, the mechanisnof
this phenomenoiis still not clear

Thesefindings indicate that the actiity-level con-
straintsaffect the way speechcoordinatesdraving ac-
tivities in cross-modalnteractionand suggestthat in-
teractionorganizationin multimodalcommunicationis a
complex phenomenonhat requiresgeneralanalysesn-
tegratingthefunctionsof differentmodalities.
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