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Abstract

A methodologyis proposedfor taking queriesand
requestsexpressedin naturallanguageasinput and
answeringthemin chartsthroughorganizingthatin-
teractioninto felicitousdialogue.Chartsandgraph-
ics, as well as languages,are importantmodesof
communication. This is especiallytrue of those
which are used frequently when people analyze
hugeamountof datainteractively, in order to find
out its characteristicsor to resolve questionsabout
it. This paperraisesthe problemthat in suchsitu-
ationsthe correctnessof the chartsdependson the
context, andproposesaframework to resolveit. The
coreof theframework is alogicalform thatincludes
the specificationsof the user’s perspective andthe
proper treatmentof the logical form for handling
utterancefragments.The framework hasbeenim-
plementedandconfirmedto beappropriate.

1 Intr oduction

Chartsandgraphics,aswell as languages,areim-
portantmodesof communication.Consideringthis
importance, the automatic design of charts and
graphicssuitablefor achieving a givencommunica-
tivepurposehasbeenstudiedactively (Maybury and
Wahlster, 1998). It hasbeendemonstratedthat the
characteristicsof datadrawn on thechart(Mackin-
lay, 1986),the intentionto beachieved throughthe
chart(RothandMattis, 1990),andthetaskaccom-
plishedusingthe chart (Casner, 1991)play impor-
tant rolesin designingappropriatecharts. The au-
tomaticdesignof multimediadocumentsin which
thosechartscoordinatewith natural languagetext
hasalsobeenstudied(Rothetal., 1991;Kerpedjiev
etal., 1998).

In that research,systemstake an assertionto be
conveyed or a communicative goal to be achieved,
and designthe most appropriatemultimedia pre-

sentationfor that purpose. The purposeof draw-
ing chartsand graphics,however, is not restricted
just to usein suchpresentations.In particular, as
the drawing of quantitative chartshelpsto analyze
hugeamountof dataandto find out its characteris-
tics, they canbe a usefulmeansfor interactive ex-
ploratorydataanalysis.An analyst,led by aninter-
estor question,draws a chart, thena new interest
or questioncomesup andshedraws anotherchart.
Throughthis process,the analystfinds out a char-
acteristicbehindthedataor understandsthereason
for it.

Thispaperdiscussesautomaticquantitative chart
design that supportssuch interactive exploratory
dataanalysis. That is, a methodologyis proposed
for taking queriesand requestsexpressedin natu-
ral languageasinput andansweringthemin charts
through organizing that interactioninto felicitous
dialogue.Theobjectivesof ourresearchareanauto-
matic chartdesignthat considersdialoguecontext,
andadialoguemechanismthatuseschartsasitsout-
putmode.

2 Context sensibility of chart
appropriateness

Let us supposean analyst,planning salesof her
company’s products,getsinterestedin its salesin
a particulardistrict. So sherequeststhe following
from a systemin front of her:

(1) Show methesalesin theShikokudistrictfor ’93
and’94.

The systemanswersthis requestby drawing an
appropriatechart. Shecontinuesanduttersa frag-
mentof a request:

(2) By prefecture.
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Figure1: Examplesof Context Sensibilityof Chart
Correctness(1)

Thesystemunderstandsthis fragmentanddraws
a new chart.Thisdialoguemight befollowedby an
utterancelike:

(3) Through’98.

The correctchartmadein the responseto utter-
ance(1) is like thatshown in Figure1-(1). Follow-
ing this chart, the responseto utterance(2) should
be madeby the stacked columnchart,asshown in
Figure1-(2), in whicheachcolumnis subdividedin
orderto show the salesby prefecture.Here, these
two consecutive utteranceshave a combinedmean-
ing similar to:

(2’) Show me the salesin eachprefectureof the
Shikoku district for ’93 and’94.

It is interestingthatwhenutterance(2’) is given
without a specificcontext, the responseshouldbe
madeby thegroupedcolumnchart,asshown in Fig-
ure1-(2’), ratherthanasin Figure1-(2). Thepref-
erencefor Figure1-(2) astheresponseto utterance
(2) may comefrom the perspective representedin
utterance(1) that shewantsto look at the salesof
thedistrictin totalor thesimilarity in shapebetween
Figure1-(2) and1-(1). In any case,it is important
thatanappropriatechartform dependson whatut-
teranceor seriesof utteranceswasusedto expressa
requestandwhat charthasbeendrawn previously.
Thiscontext sensibilityof chartappropriatenessoc-
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Figure2: Examplesof Context Sensibilityof Chart
Correctness(2)

cursconstantly. For utterance(3) in thepreviousdi-
alogue,thechartshown in Figure1-(3) is preferred
whenFigure1-(2) is usedto answerthepreviousre-
quest.Thechartof Figure1-(3’) is preferred,how-
ever, asthe responseto utterance(3’), which com-
binesrequests(1), (2) and(3) into one;

(3’) Show me the sales in each prefecture of
Shikoku district from ’93 through’98.

Thechartform is nottheonlydimensionsensitive
to dialoguecontext. Considerthe following exam-
ple.

(4) Show methesalesin Shikoku andChugokufor
’93.

(5) Add theonefor ’94.

(5’) Show methesalesin ShikokuandChugokufor
’93 and’94.

The preferredresponseto utterance(5) mustbe
in the chartshown in Figure2-(2) whenpreceding
utterance(4) was answeredby the chart shown in
Figure2-(1),while thechartof Figure2-(2’) would
be usedwhenthe requestis just utterance(5’). It
is clearthat thedecisionon axisassignmentis also
context sensitive.

In conventionalellipsishandling(Hendrix et al.,
1978; CarbonellandHayes,1983), the interpreta-
tion of anutterancefragment,suchasutterance(2)
following utterance(1), is thesameasthe interpre-
tation of utterance(2’). When a responsebased
on this interpretationis made,the dataplotted on
the chart may be correct, but the chart form and
style cannotbe. This implies that somethingex-
tra is neededfor handlingdialoguein charts,andit



is insufficient just to combinetwo mechanismsfor
non-interactive automaticchart designand natural
languagedialogueunderstanding.

3 Handling dialoguein natural language
and charts

This sectionproposesa methodologyfor handling
dialoguein naturallanguageandcharts.First,a log-
ical form that representsthe interpretationof utter-
ancesis proposed.Then,how to representtheper-
spectives from which the userwantsto look at the
dataandhow to relatethemto chartrealizationare
described.Last, a way of handlingutterancefrag-
mentsis discussed.

3.1 A logical form

A logical form thatdescribesthecontentof a given
utterancemust be able to representwhat region
of data the user is interestedin and what type of
analysisshe wants to conduct in order to obtain
the data to be plotted. Moreover, it must convey
the intention of the user, that is, what informa-
tion shewants to obtain through that chart. The
logical form we propose,which satisfiesthosere-
quirements,takesthe form, I Description, JKJKJKL Ac-
tionM , whereAction specifiesthe main speechact
in agivenutterance,andDescriptions describecon-
straintsor conditionsthat the objectsrelatedto the
action shouldsatisfy. Action can be a requestto
display charts or a requestfor information con-
veyed through charts. In this paper, however, it
only coversrequeststo displaycharts,which takes
the form NPORQRSUTWVYXUZW[]\_^ ListofVars, ListofAspects` ,
whereListofVars is the list of variablesplottedon
thechart. ListofAspectsis the list of aspectsof the
datatheuseris focusingon andrepresentstheper-
spectivesfrom which shewantsto look at thedata.
Descriptions describeconstraintsor conditionsthat
the objects related to the action should satisfy,
whichhastheform, I Quantifier, Var/Class, Restric-
tionM , whereQuantifier is a generalizedquantifier,
Var is the variableof quantification,andthe quan-
tification rangesover the objectseachof which is
a memberof Classand satisfiesRestriction. That
is, this logical form is a flattenedversionof Woods’
MRL (Woods,1978),andasin Woods’MRL, Class
canbeafunction.Moreover, Classes,eachof which
eachvariableandobjectis associatedwith, arehier-
archicallyorganizedandrepresentnot only thedo-
main an object is classifiedinto, but also its gran-
ularity. An objectthatbelongsto theareadomain,

for example,belongsto oneof classes:district, pre-
fecture, or city, accordingto its granularity. The
subsumptionrelationis definedbetweenobjectsthat
belongto classeswith differentgranularitiesandthe
samedomain. In Restriction, implicit coercionbe-
tweengranularitiesis allowedandaggregationsuch
as summationis representedimplicitly using this
mechanism.1

For example,utterance(2’) is interpretedinto the
logical form:aKaKbdcYbdeKfhgjilkmfYbdndehgpo]bqoYrYbdeWstiPgKuwvyxdxKzYkmfYbdndePgqvmxKxy{lkmfYbKnyeK|l}y~WgaKbdcYbdeKfhgj�lkq�YeKbd�YbK�y�y�YeKbPgj�Y�K�m�l�y�K�d�d�lky�Y�K�m�KeY�K�m�Y~Wgad�d�lbPgt�Ykd�dnd�KbK�RstiPg��l}Rgj�Key�lbd~P�eYbd�d�]�K�m�Y�KnyfPsKut�d|PgKu��l�d�moK�Y�dfPs�i]}]g��Y�d�moK�Y�dfPs��]}q|]}m~

Thefirst descriptionstatesthatvariable � ranges
over two objectsof yearclass,1993and1994.The
seconddescriptionstatesvariable � rangesover ob-
jectswith prefecture granularitythat aresubsumed
by Shikoku, which is itself an object with district
granularity. In this case,theequalityin the restric-
tion coercesinto the subsumptionrelation. In the
third description, VR[WZWOPV�^m���q��` is a function from
time andareato salesamounts.The perspective is
discussedin thenext section.

3.2 Perspectivesand chart realization
The secondargumentof the NPORQRSUTWVYXUZW[]\ action
specifiestheuser’s perspective, which is the list of
aspectsof thedatasheis focusingon. The follow-
ing basicaspectsarecoveredfor the present.Sup-
poseVar1 is an elementof the first argumentof
the action, that is, a variable to be plotted. The�R�l� XP�W\_^ Var2 ` specifiesthat the useris interested
in comparisonof the valuesof Var1 by eachpos-
sible Var2 instance. In other words, sheis focus-
ing on the differencein the valuesof Var1 which
camefrom the differenceof Var2 instances. The� � � [WZP Y¡�^ Var2 ` specifiesthat the useralso wants
to know the total for the values of Var1 in all
Var2 instances.The XhN � XP¢ � ^ Var2 ` specifiesthat
she is interestedin the proportion of eachvalue
of Var1 to the total in all Var2 instances. The�Y£ [l¡h¤PO]¥UT � £ ^ Var2 ` specifiesthat sheis interested
in the changeof valueof Var1 with the changeof
Var2 instances.The �R�l� XP�W\_^ Var2 ` is, in a sense,
a default sincethe quantitative chart, in principle,
shows variationof the valuesof a dependentvari-
ableby thedifferenceof thevaluesof independent
variables.

1Thewayto createadatatableto beplottedonachartfrom
raw materialdatausingthis typeof logical form wasdiscussed
in (Matsushitaet al., 2000).



From now on, our discussionis restrictedto the
two-dimensional chartformsfor up to two indepen-
dent variablesand one dependentvariable. These
formsof chartsarewidely usedandstill have plenty
of variety. In chart realizationunder this restric-
tion, one of the independentvariables,which are
the argumentsof the function in the logical form,
is assignedto the horizontalaxis and the other to
the hiddenor depthaxis. For example,variable �
is assignedto the horizontalaxis andvariable � is
assignedto the depthaxis in the realizationof the
logical form of thepreviousexampleinto Figure1-
(2’). Oneof the realizationparametersis this axis
assignmentof variables.

Let us think about how the perspective guides
chart realization. In two-dimensional charts,
changesof valuescanbe displayedalong the hor-
izontal axis using, say, the line chart, while total
andproportionis easyto show on a depthaxis by
using, say, the stacked chart. Comparisoncan be
exhibited on either axis. Therefore, �R�l� XP�W\ and�Y£ [l¡h¤PO]¥UT � £ arepossiblefor thevariableassigned
to the horizontalaxis, and �R�l� XP�W\ , � � � [WZP Y¡ , andXhN � XP¢ � are possiblefor the variable assignedto
the depthaxis. Next, let us think aboutwhat com-
binationsof aspectsarepossibleandsufficient for
the perspective. Sincewe cannotcomparethe dif-
ferencenor seethe changesregarding a variable
that has only one instancein the rangespecified
by the restriction, the aspectfor such a variable,
which we call a uniquely instantiatedvariable, is
meaningless.Excludingthatvariable,eachremain-
ing variable takes only one aspect. Their combi-
nation should result in thoseaspectsbeing prop-
erly assignedto theaxes. Here,by subcategorizing�R�l� XP�W\ , which canbe assignedto eitheraxis, into£h¦P�l� XP�W\ and § ¦P�l� XP�W\ , which shouldbe assigned
to the horizontaland depthaxis respectively, you
canassignan axis to the variablesonly by assign-
ing oneaspectto each. Thus, whentwo indepen-
dent variables, � and � , are not uniquely instanti-
ated,oneof them,say � , takeseither £h¦P�l� XP�W\_^m�U`
or �Y£ [l¡h¤PO]¥UT � £ ^m��` , andthe other, say � , takesei-
ther § ¦P�l� XP�W\_^m��` , � � � [WZP Y¡�^m��` , or XhN � XP¢ � ^m��` . In
this case,variable � is assignedto the horizontal
axis and variable � to the depthaxis. Both vari-
ablesarenotallowedto take aspectsassignedto the
sameaxis. The combinationof § ¦P�l� XP�W\_^m��` and� � � [WZP Y¡�^m��` is forbidden,for example. Figure 3
summarizestherelationshipbetweencombinations
of aspectsandrealizedchartforms.

Now, chartrealizationis reducedtoaspectassign-
ment. In otherwords,you canrealizeanappropri-
atechart from a given userutteranceby obtaining
its logical form, and,if someof theaspectsareim-
plicit in theutterance,by completingtheperspective
usingthe characteristicsof the dataconcerned,the
currentcontext andsoon.2 Obtainingandcomplet-
ing theperspective, which is vital for chartrealiza-
tion, is carriedout asfollows.3

¨ A portion of the perspective is explicit in the
utterance.For example,it is obvious that the
useris focusingon thechangeover time when
shesaysthat shewants to seethe changein
sales.Suchperspectivesareacquiredthrough
theinterpretationof herutterance.

¨ Characteristicsof statisticsreturninga depen-
dent variablesometimessuggestthe perspec-
tive. For example,shareandprofitability sug-
gesther interestin the proportionto the total.
Such characteristicsare usedfor completing
theperspective.

¨ The classof independentvariablesalso sug-
gests the perspective. A class whose in-
stances constitute an interval scale, such
as a time series, suggestschangesover it
(i.e. �Y£ [l¡h¤PO]¥UT � £ ) for its aspect to be fo-
cusedon when the variablerangesover a lot
of instances. Even when it has a few in-
stances,comparisonsby it (i.e. £h¦P�l� XP�W\ ) are
preferred.This criterionfor selectingbetween�Y£ [l¡h¤PO]¥UT � £ and £h¦P�l� XP�W\ is usedthroughout
this paper.

¨ When variableswith more than one instance
are left with no aspect, a default is used.
When just one suchvariablesis left, it takes�Y£ [l¡h¤PO]¥UT � £ or £h¦P�l� XP�W\ if possible,other-
wise it takes § ¦P�l� XP�W\ . Whentwo suchvari-

2Chart realization has dimensionsother than those dis-
cussedhere. For example,while the independentvariableis
alwaysassignedto theverticalaxisin ourdiscussion, it canbe
assignedto the horizontalaxis. The rank of instanceson an
axis, thescalesof axes,andvisualpromptssuchaslabelsand
arrows arealsodimensionswhich shouldbeconsidered(Mit-
tal, 1998;FascianoandLapalme,1996). Althoughdiscussion
of thosedimesionsexceedsthescopeof this paper, we believe
thata naturalextensionof perspective wouldcover them.

3In implementation,perspective completionbasedon these
featuresis more sophisticated, referring to heuristicsfrom a
textbook for drawing charts(Zelazny, 1996) and knowledge
acquiredfrom a chart corpususing a machinelearningtech-
nique(Yonezawa et al., 2000).
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Figure3: RelationshipbetweenPerspectivesandChartForms

ablesare left, one takes £h¦P�l� XP�W\ , the other
takes § ¦P�l� XP�W\ .

3.3 Utterance fragmentsand chart
appropriateness

Utterancefragmentsin a specificcontext shouldbe
interpretednot asa logical form, but asa requestto
revise the logical form given asthe context. In or-
derto correctlyhandlechartappropriateness,which
is sensitive to thecontext, theperspective in thelog-
ical form shouldberevisedappropriatelyaccording
to thatrequest.First,utterancefragmentsareclassi-
fied into thefollowing categoriesaccordingto what
part of the logical form shouldbe revisedasa re-
sultof thosefragments.Examplesareshown, which
areassumedto havebeenutteredaftertheutterance,
“Show methesalesin Shikoku andChugokufrom
’93 through’95.”

Domain alteration: The Restrictionpart of an in-
dependentvariableis revised.Examples,“Just
Shikoku.”, “Through’98.”

Granularity alteration: TheClasspartof aninde-
pendentvariableis revisedto onewith adiffer-
ent granularity. Examples,“By quarter.”, “By
prefecture.”

Statistic alteration: Thefunctionreturningthede-
pendentvariable,which locatesits Classpart,
is revised.Examples,“Show methenumberof
thedealers.”

Perspective alteration: Theperspective is revised.
Examples, “Show me the change.”, “How
aboutthetotal?”

The typeof contentwords,clue words,andspe-
cific phrasescontainedareexploited for interpret-
ing utterancefragmentsand for classifying them
into oneof the above categories. Using those,we
can identify what part of the logical form should
be changedand how. In addition to the revisions
identified,appropriaterevision of theperspective is
neededfor correctchart realization. Revisions of
perspective aresummarizedasfollows.4

¨ As a resultof domainalterationon variableX,
if thenumberof instancesof X turnsinto more
thanoneand the currentperspective includes
no aspectrelatingto X, that is, X is a uniquely
instantiatedvariable,check �Y£ [l¡h¤PO]¥UT � £ ^ X ` ,£h¦P�l� XP�W\_^ X ` , and § ¦P�l� XP�W\_^ X ` in this order,
andadd the first possibleone to the perspec-
tive. On the other hand, if X turns into a
uniquely instantiatedvariable, deletethe as-
pectrelatedto X from theperspective.

¨ As a result of granularityalterationon vari-
able X, if the number of instancesof X
turns into more than one and the cur-
rent perspective includes no aspect related
to X, check �Y£ [l¡h¤PO]¥UT � £ ^ X ` , £h¦P�l� XP�W\_^ X ` ,� � � [WZP Y¡�^ X ` , and § ¦P�l� XP�W\_^ X ` in this order,
andadd the first possibleone to the perspec-
tive. Here,� � � [WZP Y¡�^ X ` is possibleonly when
thestatisticsconcernedusesummationfor ag-
gregation. On the otherhand,if X turns into

4Revisionsof perspective for statisticalterationsand per-
spective alterationsareomitted, becausethe spaceis limited
andourconcernis to tracethechangesof theuser’sperspective
especiallywhenshedoesnot mentionthemexplicitly.



a uniquelyinstantiatedvariable,deletetheas-
pectrelatedto X from theperspective.

4 Examples
This section demonstrateshow our proposalad-
dressesthe problemsraised. First, let us consider
seriesof utterance(1), (2) and(3). The interpreta-
tion of utterance(1) is

aKaKbdcYbdeKfhgjilkmfYbdndehgpo]bqoYrYbdeWstiPgKuwvyxdxKzYkmfYbdndePgqvmxKxy{lkmfYbKnyeK|l}y~WgaKbdcYbdeKfhgj�lkm�l�d�y�KeY�K�m�hgj�Y�K�m�l�y�K�d�y�]ky�Y�K�m�KeY�K�m�Y~Wgad�d�lbPgt�Ykd�dnd�KbK�RstiPg��l}Rgj�Key�lbd~P�eYbd�d�]�K�m�Y�KnyfPsKut�d|PgKu��l�d�moK�Y�dfPs�i]}q|]}y~
As for the perspective, variable � , which repre-

sentstimeseriesandrangesoveronly two instances,
obtains not �Y£ [l¡h¤PO]¥UT � £ ^m��` , but £h¦P�l� XP�W\_^m��` .
Variable � , which rangesover areas,is uniquelyin-
stantiatedand no aspectis given to it. The chart
realizedfrom this logical form is the columnchart
of Figure1-(1). Thechartform is determinedfrom
the perspective by referring to Figure 3. When
utterance(2) is given in this context, it is inter-
pretedasa granularityalterationon variable � , andí O]îhORNR\��q�hïR§PTWV � NhT � � �w�PðhV £ Tlñ � ñRòhïR§PTWV � NhT � �hó of
the logical form is revised to

í O]îhORNR\��ô�hïXhNPO]õhO � � òhNPOö�q�PðPV £ TYñ � ñRòUï]§hTWV � NhT � �Pó . In addi-
tion, � � � [WZP Y¡�^m��` is addedto theperspective, since
no aspectrelated to � was in it and sales is a
statisticfor which summationis usedfor aggrega-
tion. Theperspective endsup with ÷ £h¦P�l� XP�W\_^m��`��� � � [WZP Y¡�^m��`Yø , andthenew chartis thestackedcol-
umnchartof Figure1-(2). Utterance(3) in thiscon-
text is interpretedasadomainalterationonvariable� . Sincetheperspective remainsthesameasbefore,
while therestrictionof variable� is revisedaccord-
ing to theutterance,thechartobtainedis of thesame
form, which is shown in Figure1-(3).

On the other hand, for utterance(2’), as nei-
ther its expressionnor its statistic implies a spe-
cific aspect,theperspective is determinedaccording
to the characteristicsof the independentvariables.
First, variable � representingtime seriesobtains£h¦P�l� XP�W\_^m��` , andthenvariable � rangingover ar-
easis given § ¦P�l� XP�W\_^m��` . The perspective endsup
with ÷ £h¦P�l� XP�W\_^m��`��ù§ ¦P�l� XP�W\_^m��`lø , andthe chart
realizedis thegroupedcolumnchartshown in Fig-
ure1-(2’). For utterance(3’), almostthesamecri-
teria areapplied,but theaspectgiven to variable �
is �Y£ [l¡h¤PO]¥UT � £ ^m�U` asit hasmany instances.As a
result,thegroupedline chartof Figure1-(3’) is re-
alized.

Let us move to seriesof utterance(4) and (5).
For utterance(4), sincevariable� representingtime
seriesis uniquely instantiated,no aspectis given.
Then variable � ranging over districts can obtain£h¦P�l� XP�W\_^m��` . By utterance(5) following it, domain
alterationon � is specified,and � obtainsthepossi-
bleaspect§ ¦P�l� XP�W\_^m��` , since£h¦P�l� XP�W\_^m�U` already
exists. On the otherhand,for utterance(5’), vari-
able � representingtimeseriespriorsvariable� , ob-
taining £h¦P�l� XP�W\_^m��` . As a result,Figure2-(2),the
responseto utterance(5), andFigure2-(2’) , there-
sponseto utterance(5’), aredifferent in their axis
assignments.

5 Discussion

Appropriatenessof chartsis known to be a func-
tion of several factors. This paper revealed that
discoursecontext is one of those factors in ad-
dition to thosealreadyknown such as character-
istic of data and user intentions,and proposeda
methodologyfor addressingthatfactorproperly. To
our knowledge,therearefew studieson automatic
chart designfor suchinteractive situationsas dis-
cussedhere. Therearemany studieson interactive
graphdrawing of course(Rothetal., 1994).Those,
however, areconcernedwith tools for producinga
graph interactively that achieves the user’s inten-
tion. Their standpointdiffers from ours, and the
modeusedfor their interactionsis direct manipu-
lation notnaturallanguage.

Our proposalpartially overlapswith recentstud-
ies on automaticchart design. Our logical form
has a lot in common with the content language
in (Greenet al., 1998). The objective of their re-
search,however, is todescribecommunicative goals
to beachievedthroughgeneratinggraphicsandtext,
anddiffersfrom ours,whichis to describetheuser’s
requestsin order to respondto them using charts.
Ourperspective playsasimilar role to thatof inten-
tion in PostGraphe(FascianoandLapalme,1996).
However, thereis a crucialdifferencein that,while
their intention is given as input, our perspective is
acquiredfrom theuser’s utterances,datacharacter-
isticsanddialoguecontext.

Most of the framework proposedin this paper
hasbeenimplemented. The prototypesystemac-
ceptssuch a wide rangeof Japaneseexpressions
thattheappropriateness of ourproposalcanbecon-
firmed, thoughthe understandingof thoseexpres-
sions is driven by a simple pattern-basedmecha-
nism. Thematterworth specialmentionis thepro-



totype’s chartredraw mechanism.As suggestedin
this paper, a correctchartin a certaincontext is one
thatcanberealizedby minimumchangeto thechart
asthecontext, andlosesminimuminformationfrom
it. We supposedthat changesandlossof informa-
tion matteredbecauseconsiderablementalloadsare
neededto relatenew informationin thenew chartto
old information in the context. In order to reduce
thoseloads,we madethe processof changevisu-
ally understandable. Specifically, thesystemshows
animationsthat representwhich componentof the
currentchartmovesandchangesto which compo-
nent of the new one. This featurehasreceived a
favorablereceptionin demonstrations.

A lot remainsfor future work. First, we will
consideransweringwh- and yes-nointerrogatives
in chartsin additionto answeringrequeststo show
charts.Answeringsuchquestionsfluently requires
collaborationbetweenchartsand text. Then, we
will examine richer chart realization. We should
considernotonly increasingthekindsof chartform
covered,but alsoassemblingmorethanonechartto
achieve acertaingoal. In addition,dimensionssuch
as visual promptsshouldbe incorporated. Lastly,
in the context of informationvisualization,the ef-
fectsof animationintroducedin theimplementation
of theprototypeshouldbemeasuredquantitatively
to prove thatit really canreducementalloadrather
thanmerelymake itself conspicuous.
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