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Abstract

A methodologyis proposedor taking queriesand
requestexpressedn naturallanguageasinputand
answeringhemin chartsthroughorganizingthatin-

teractioninto felicitousdialogue.Chartsandgraph-
ics, aswell aslanguagesare importantmodesof

communication. This is especiallytrue of those
which are used frequently when people analyze
hugeamountof datainteractiely, in orderto find

outits characteristic®r to resolhe questionsabout
it. This paperraisesthe problemthatin suchsitu-
ationsthe correctnes®f the chartsdependn the
contet, andproposesiframevork toresolheit. The
coreof theframework is alogicalform thatincludes
the specificationf the users perspectie andthe
propertreatmentof the logical form for handling
utterancefragments. The framework hasbeenim-

plementedandconfirmedto be appropriate.

1 Intr oduction

Chartsandgraphics,aswell aslanguagesareim-
portantmodesof communication.Consideringhis
importance, the automatic design of charts and
graphicssuitablefor achiezing a givencommunica-
tive purposéhasbeenstudiedactively (Maybury and
Wabhlster 1998). It hasbeendemonstratedhatthe
characteristicef datadravn on the chart(Mackin-
lay, 1986),theintentionto be achieved throughthe
chart(RothandMattis, 1990),andthe taskaccom-
plishedusingthe chart(Casner1991) play impor
tantrolesin designingappropriatecharts. The au-
tomatic designof multimediadocumentsn which
thosechartscoordinatewith naturallanguagetext
hasalsobeenstudied(Rothetal., 1991;Kerpedjie
etal., 1998).

In that researchsystemsake an assertiornto be
cornveyed or a communicatie goal to be achiered,
and designthe most appropriatemultimedia pre-

sentationfor that purpose. The purposeof draw-
ing chartsand graphics,however, is not restricted
just to usein suchpresentations.n particular as
the drawing of quantitatve chartshelpsto analyze
hugeamountof dataandto find out its characteris-
tics, they canbe a usefulmeansfor interactve ex-
ploratorydataanalysis.An analystled by aninter-
estor question,draws a chart,thena new interest
or questioncomesup andshedrawns anotherchart.
Throughthis processthe analystfinds out a char
acteristicbehindthe dataor understandthe reason
forit.

This paperdiscusseautomatioquantitatve chart
designthat supportssuch interactve exploratory
dataanalysis. Thatis, a methodologyis proposed
for taking queriesand requestsxpressedn natu-
ral languageasinput andansweringhemin charts
through organizing that interactioninto felicitous
dialogue.Theobjectivesof ourresearclareanauto-
matic chartdesignthat considersdialoguecontext,
andadialoguemechanisnthatuseschartsasits out-
putmode.

2 Context sensibility of chart
appropriateness

Let us supposean analyst, planning salesof her
compan’s products,getsinterestedn its salesin
a particulardistrict. So sherequestghe following
from a systemin front of her:

(1) Shov methesalesn theShikokudistrictfor 93
and'94.

The systemanswersthis requestby draving an
appropriatechart. Shecontinuesanduttersa frag-
mentof arequest:

(2) By prefecture.
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Figurel: Examplesof Context Sensibilityof Chart
Correctness$l)

The systemunderstandhis fragmentanddravs
anew chart. This dialoguemight befollowed by an
utterancdike:

(3) Through'98.

The correctchartmadein the responsdo utter
ance(1) is like thatshavn in Figure1-(1). Follow-
ing this chart, the responsdo utterancg2) should
be madeby the stacled columnchart,asshavn in
Figurel-(2),in which eachcolumnis subdvidedin
orderto shav the salesby prefecture.Here, these
two consecutie utterance$iave a combinedmean-
ing similarto:

(2) Shov me the salesin eachprefectureof the
Shikoku districtfor '93 and’94.

It is interestingthatwhenutterancg2’) is given
without a specificcontext, the responseshouldbe
madeby thegroupedcolumnchart,asshavnin Fig-
ure 1-(2’), ratherthanasin Figure1-(2). The pref-
erencefor Figure1-(2) astheresponséo utterance
(2) may comefrom the perspectie representedn
utterance(1) that shewantsto look at the salesof
thedistrictin total or thesimilarity in shapebetween
Figure1l-(2) and1-(1). In ary caseit is important
thatan appropriatechartform dependsn what ut-
teranceor seriesof utterancesvasusedto expressa
requestandwhat charthasbeendravn previously.
This contet sensibilityof chartappropriatenessc-
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Figure2: Examplesof Context Sensibilityof Chart
Correctnes$?)

cursconstantly For utterancg3) in the previousdi-

alogue the chartshovn in Figure1-(3)is preferred
whenFigurel-(2)is usedto answeltthepreviousre-

quest.The chartof Figure1-(3’) is preferred how-

ever, astheresponsdo utterancg3’), which com-
binesrequestg1), (2) and(3) into one;

(3) Shav me the salesin each prefecture of
Shikoku districtfrom '93 through’98.

Thechartformis nottheonly dimensiorsensitve
to dialoguecontet. Considerthe following exam-

ple.

(4) Shav methesalesn Shikoku andChugokufor
'93.

(5) Addtheonefor '94.

(5") Showv methesalesn ShikokuandChugokufor
'93 and’94.

The preferredresponsédo utterancg5) mustbe
in the chartshawvn in Figure 2-(2) whenpreceding
utterance(4) was answeredby the chartshavn in
Figure2-(1), while the chartof Figure2-(2’) would
be usedwhenthe requestis just utterance(s’). It
is clearthatthe decisionon axis assignments also
contet sensitve.

In conventionalellipsis handling(Hendrix etal.,
1978; Carbonelland Hayes,1983), the interpreta-
tion of anutterancdragment,suchasutterancg2)
following utterancel1), is the sameastheinterpre-
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-
trais neededor handlingdialoguein charts,andit



is insufficient just to combinetwo mechanismdor
non-interactre automaticchart designand natural
languageadialogueunderstanding.

3 Handling dialoguein natural language
and charts

This sectionproposesa methodologyfor handling
dialoguein naturallanguageandcharts.First,alog-
ical form thatrepresentsheinterpretationof utter
ancesds proposed.Then,how to representhe per
spectvesfrom which the userwantsto look at the
dataandhow to relatethemto chartrealizationare
described.Last, a way of handlingutterancefrag-
mentsis discussed.

3.1 Alogical form

A logical form thatdescribeshe contentof a given
utterancemust be able to representwhat region
of datathe useris interestedin and what type of
analysisshe wants to conductin order to obtain
the datato be plotted. Moreover, it mustcorvey

the intention of the user that is, what informa-
tion shewantsto obtain throughthat chart. The
logical form we propose,which satisfiesthosere-
quirementstakesthe form, {Description .. .; Ac-
tion}, where Action specifiesthe main speechact
in agivenutteranceandDescriptiors describecon-
straintsor conditionsthatthe objectsrelatedto the
action should satisfy Action can be a requestto
display charts or a requestfor information con-
veyed through charts. In this paper however, it

only coversrequestdo display charts,which takes
the form reqDisplay (Listof\ars, ListofAspects,

where Listof\ars is the list of variablesplotted on
the chart. ListofAspectss thelist of aspectof the
datathe useris focusingon andrepresentshe per

spectvesfrom which shewantsto look atthe data.
Descriptiors describeconstraintsor conditionsthat
the objects related to the action should satisfy
which hastheform, { Quantifiet Var/Class Restric-
tion}, whereQuantifieris a generalizedjuantifier
Var is the variableof quantification,andthe quan-
tification rangesover the objectseachof which is
a memberof Classand satisfiesRestriction That
is, thislogical form is a flattenedversionof Woods’
MRL (Woods,1978),andasin Woods’MRL, Class
canbeafunction. Moreover, Clas®s,eachof which
eachvariableandobjectis associateavith, arehier

archicallyorganizedandrepresennot only the do-
main an objectis classifiedinto, but alsoits gran-
ularity. An objectthatbelongsto the areadomain,

for example belonggo oneof classesdistrict, pre-
fectue, or city, accordingto its granularity The
subsumptiomelationis definedbetweerobjectsthat
belongto classesvith differentgranularitiesandthe
samedomain. In Restriction implicit coercionbe-
tweengranularitieds allowedandaggregationsuch
as summationis representedmplicitly using this
mechanism?

For example,utteranceg?2’) is interpretednto the
logical form:
{{every,X/year ,member (X, [1993/year,1994/year])},

{every,Y/prefecture,Y=shikoku/district},

{the,Z/sales(X,Y) ,true};
reqDisplay ([Z], [hCompBy (X) ,dCompBy (Y)1)}

Thefirst descriptionstateghat variablex ranges
over two objectsof yearclass,1993and1994. The
seconddescriptionstatesvariableY rangesover ob-
jectswith prefectue granularitythat are subsumed
by Shikoku, which is itself an objectwith district
granularity In this case the equalityin therestric-
tion coercesnto the subsumptiorrelation. In the
third description,sales(X,Y) is a function from
time andareato salesamounts.The perspectie is
discussedn the next section.

3.2 Perspectivesand chart realization

The secondargumentof the reqDisplay action
specifiesthe users perspectie, which is thelist of
aspectof the datasheis focusingon. The follow-
ing basicaspectsare coveredfor the present.Sup-
poseVarl is an elementof the first agumentof
the action, that is, a variableto be plotted. The
compBy (Var2) specifiesthat the useris interested
in comparisonof the valuesof Varl by eachpos-
sible Var2 instance. In otherwords, sheis focus-
ing on the differencein the valuesof Varl which
camefrom the differenceof Var2 instances. The
totalIn(Var2) specifiesthat the useralsowants
to know the total for the valuesof Varl in all
Var2 instances. The propTo (Var2) specifiesthat
sheis interestedin the proportion of eachvalue
of Varl to the total in all Var2 instances. The
changeWith(Var2) specifiesthatsheis interested
in the changeof value of Varl with the changeof
Var2 instances.The compBy (Var2) is, in a sense,
a default sincethe quantitatve chart, in principle,
shaws variation of the valuesof a dependenvari-
able by the differenceof the valuesof independent
variables.

Thewayto createadatatableto beplottedon a chartfrom
raw materialdatausingthis typeof logical form wasdiscussed
in (Matsushiteetal., 2000).



From now on, our discussions restrictedto the
two-dimensioal chartformsfor up to two indepen-
dentvariablesand one dependentariable. These
formsof chartsarewidely usedandstill have plenty
of variety In chartrealizationunderthis restric-
tion, one of the independentwariables,which are
the agumentsof the function in the logical form,
is assignedo the horizontalaxis and the other to
the hiddenor depthaxis. For example,variableX
is assignedo the horizontalaxis andvariableY is
assignedo the depthaxis in the realizationof the
logical form of the previous exampleinto Figure1-
(2). Oneof therealizationparameterss this axis
assignmenof variables.

Let us think abouthow the perspectie guides
chart realization. In two-dimensioal charts,
changesf valuescan be displayedalong the hor
izontal axis using, say the line chart, while total
and proportionis easyto shav on a depthaxis by
using, say the staclked chart. Comparisoncan be
exhibited on either axis. Therefore,compBy and
changeWith arepossiblefor the variableassigned
to the horizontalaxis, and compBy, totallIn, and
propTo are possiblefor the variable assignedto
the depthaxis. Next, let usthink aboutwhat com-
binationsof aspectsare possibleand sufficient for
the perspectie. Sincewe cannotcomparethe dif-
ferencenor seethe changesregarding a variable
that hasonly one instancein the range specified
by the restriction, the aspectfor sucha variable,
which we call a uniquely instantiatedvariable, is
meaninglessExcludingthatvariable,eachremain-
ing variable takes only one aspect. Their combi-
nation should result in those aspectsbeing prop-
erly assignedo the axes. Here,by subcatgorizing
compBy, which canbe assignedo eitheraxis, into
hCompBy and dCompBy, which shouldbe assigned
to the horizontaland depth axis respectiely, you
canassignan axis to the variablesonly by assign-
ing one aspectto each. Thus, whentwo indepen-
dentvariables,Xx andY, are not uniquely instanti-
ated,oneof them,sayX, takeseitherhCompBy (X)
or changeWith(X), andthe other sayY, takesei-
therdCompBy (Y), totalIn(Y), or propTo(Y).In
this case,variable X is assignedo the horizontal
axis and variableY to the depthaxis. Both vari-
ablesarenotallowedto take aspectassignedo the
sameaxis. The combinationof dCompBy (X) and
totalIn(Y) is forbidden,for example. Figure 3
summarizeshe relationshipbetweencombinations
of aspectandrealizedchartforms.

Now, chartrealizations reducedo aspecassign-
ment. In otherwords, you canrealizean appropri-
ate chartfrom a given userutteranceby obtaining
its logical form, and,if someof the aspectareim-
plicit in theutteranceby completingthe perspectie
usingthe characteristicef the dataconcernedthe
currentcontext andsoon? Obtainingandcomplet-
ing the perspectie, which is vital for chartrealiza-
tion, is carriedout asfollows 2

¢ A portion of the perspectie is explicit in the
utterance.For example, it is obvious that the
useris focusingon the changeover time when
she saysthat shewantsto seethe changein
sales. Suchperspecties areacquiredthrough
theinterpretatiorof herutterance.

e Characteristic®f statisticsreturninga depen-
dentvariable sometimessuggesthe perspec-
tive. For example,shareandprofitability sug-
gestherinterestin the proportionto thetotal.
Such characteristicsaare usedfor completing
theperspectie.

e The classof independenvariablesalso sug-
geststhe perspectie. A class whose in-
stances constitute an intenal scale, such
as a time series, suggestschangesover it
(i.e. changeWith) for its aspectto be fo-
cusedon whenthe variablerangesover a lot
of instances. Even when it has a few in-
stancescomparisondy it (i.e. hCompBy) are
preferred.This criterionfor selectingbetween
changeWith andhCompBy is usedthroughout
this paper

e When variableswith more than one instance
are left with no aspect, a default is used.
Whenjust one suchvariablesis left, it takes
changeWith Or hCompBy if possible,other
wise it takes dCompBy. Whentwo suchvari-

2Chart realization has dimensionsother than those dis-
cussedhere. For example,while the independentzariableis
alwaysassignedo the verticalaxisin our discussia, it canbe
assignedo the horizontalaxis. The rank of instanceson an
axis, the scalesof axes,andvisual promptssuchaslabelsand
arravs are alsodimensionswhich shouldbe consideredMit-
tal, 1998; FasciancandLapalme,1996). Although discussia
of thosedimesionsexceedsthe scopeof this paper we believe
thata naturalextensionof perspectie would cover them.

%In implementationperspectie completionbasedbn these
featuresis more sophisticatd, referringto heuristicsfrom a
textbook for draving charts(Zelazry, 1996) and knowledge
acquiredfrom a chart corpususing a machinelearningtech-
nique(Yonezavaetal.,2000).
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ablesare left, one takes hCompBy, the other
takesdCompBy.

3.3 Utterance fragmentsand chart
appropriateness

Utterancefragmentsn a specificcontext shouldbe
interpretedhot asa logical form, but asarequesto
revise the logical form given asthe contet. In or-
derto correctlyhandlechartappropriatenessyhich
is sensitve to the contet, theperspectie in thelog-
ical form shouldberevisedappropriatelyaccording
to thatrequestFirst, utterancdragmentsareclassi-
fiedinto thefollowing cateyoriesaccordingio what
part of the logical form shouldbe revisedasa re-
sultof thosefragments Examplesareshovn, which
areassumedo have beenutteredaftertheutterance,
“Show methe salesin Shikoku and Chugokufrom
'93 through'95.”

Domain alteration: The Restrictionpart of anin-
dependentariableis revised. Examples; Just
Shikoku?”, “Through’98.”

Granularity alteration: TheClasspartof aninde-
pendentariableis revisedto onewith adiffer-
entgranularity Examples,'By quartef, “By
prefecturé.

Statistic alteration: Thefunctionreturningthede-
pendentvariable,which locatesits Classpart,
is revised. Examples;Showv methenumberof
thedealers.

Perspectie alteration: Theperspectie is revised.
Examples, “Showv me the chang€, “How
aboutthetotal?”

Thetype of contentwords, clue words,andspe-
cific phrasescontainedare exploited for interpret-
ing utterancefragmentsand for classifying them
into one of the above catgyories. Using those,we
can identify what part of the logical form should
be changedand how. In additionto the revisions
identified,appropriateevision of the perspectie is
neededfor correctchartrealization. Revisions of
perspectie aresummarizedsfollows?

e As aresultof domainalterationon variableX,
if thenumberof instance®f X turnsinto more
than one andthe currentperspectie includes
no aspectelatingto X, thatis, X is auniquely
instantiatedvariable,check changeWith (X)),
hCompBy (X), anddCompBy (X) in this order
and addthe first possibleoneto the perspec-
tive. On the other hand, if X turnsinto a
uniquely instantiatedvariable, deletethe as-
pectrelatedto X from theperspectie.

e As a result of granularity alterationon vari-
able X, if the number of instancesof X
turns into more than one and the cur
rent perspectie includes no aspectrelated
to X, check changeWith(X), hCompBy (X),
totalIn(X), anddCompBy (X) in this order
and addthe first possibleoneto the perspec-
tive. Here,totalIn(X) is possibleonly when
the statisticsconcernedisesummatiorfor ag-
gregation. On the otherhand,if X turnsinto

*Revisions of perspectie for statisticalterationsand per
spectve alterationsare omitted, becausehe spaceis limited
andourconcerris to tracethe change®f theusers perspectie
especiallywhenshedoesnot mentionthemexplicitly.



a uniquelyinstantiatedvariable,deletethe as-
pectrelatedto X from the perspectie.

4 Examples

This section demonstratesiow our proposalad-
dresseghe problemsraised. First, let us consider
seriesof utterancg1), (2) and(3). Theinterpreta-
tion of utterancegl) is

{{every,X/year ,member(X, [1993/year,1994/year])},
{every,Y/district,Y=shikoku/district},
{the,Z/sales(X,Y) ,true};
reqDisplay([Z], [hCompBy (X)1)}

As for the perspectie, variable X, which repre-
sentdime seriesandrangesver only two instances,
obtains not changeWith(X), but hCompBy (X).
VariableY, which rangesover areasjs uniquelyin-
stantiatedand no aspectis givento it. The chart
realizedfrom this logical form is the columnchart
of Figurel-(1). Thechartform is determinedrom
the perspectie by referring to Figure 3. When
utterance(2) is given in this contet, it is inter
pretedasa granularityalterationon variabley, and
{every,Y/district,Y=shikoku/district} of
the logical form is revised to {every, Y/
prefecture,Y=shikoku/district}. In addi-
tion, totalIn(Y) is addedo the perspectie, since
no aspectrelatedto Y was in it and salesis a
statisticfor which summationis usedfor aggrea-
tion. The perspectie endsup with [hCompBy (X) ,
totalIn(Y)], andthenew chartis thestacled col-
umnchartof Figure1-(2). Utterancg3) in this con-
text is interpretecasa domainalterationon variable
X. Sincetheperspectie remainghe sameasbefore,
while therestrictionof variableX is revisedaccord-
ing to theutterancethechartobtaineds of thesame
form, whichis showvn in Figure1-(3).

On the other hand, for utterance(2’), as nei-
ther its expressionnor its statisticimplies a spe-
cific aspecttheperspectie is determinedaccording
to the characteristic®f the independenvariables.
First, variable X representingtime seriesobtains
hCompBy (X), andthenvariableY rangingover ar
easis given dCompBy (Y). The perspectie endsup
with [hCompBy (X), dCompBy(Y)], andthe chart
realizedis the groupedcolumnchartshavn in Fig-
ure1-(2’). For utterancg3’), almostthe samecri-
teriaareapplied,but the aspecigiven to variablex
iS changeWith(X) asit hasmary instances.As a
result,the groupediline chartof Figure 1-(3) is re-
alized.

Let us move to seriesof utterance(4) and (5).
For utterancd4), sincevariableX representingime
seriesis uniquely instantiated,no aspectis given.
Then variable Y ranging over districts can obtain
hCompBy (Y). By utterancg5) following it, domain
alterationon X is specifiedandX obtainsthe possi-
ble aspectiCompBy (X), SincehCompBy (Y) already
exists. On the otherhand,for utterance5’), vari-
ableX representingime seriespriorsvariableyY, ob-
taining hCompBy (X) . As a result, Figure2-(2),the
responsdo utterancg5), andFigure2-(2’) , there-
sponseto utterance(5’), aredifferentin their axis
assignments.

5 Discussion

Appropriatenes®f chartsis known to be a func-
tion of several factors. This paperrevealedthat
discoursecontet is one of those factorsin ad-
dition to those already known such as character
istic of dataand userintentions, and proposeda
methodologyfor addressinghatfactorproperly To
our knowledge,therearefew studieson automatic
chartdesignfor suchinteractve situationsas dis-
cussechere. Therearemary studieson interactie
graphdrawing of course(Rothetal., 1994). Those,
however, are concernedwith tools for producinga
graphinteractively that achieves the users inten-
tion. Their standpointdiffers from ours, and the
mode usedfor their interactionsis direct manipu-
lation not naturallanguage.

Our proposalpartially overlapswith recentstud-
ies on automaticchart design. Our logical form
has a lot in commonwith the contentlanguage
in (Greenet al., 1998). The objectve of their re-
searchhowever, is to describecommunicatie goals
to beachievedthroughgeneratinggraphicsandtext,
anddiffersfrom ours,whichisto describagheusers
requestsn orderto respondto themusing charts.
Our perspectie playsasimilar role to thatof inten-
tion in PostGraphdFascianoand Lapalme,1996).
However, thereis a crucialdifferencein that, while
their intentionis given asinput, our perspectie is
acquiredfrom the users utterancesgatacharacter
isticsanddialoguecontext.

Most of the framework proposedin this paper
hasbeenimplemented. The prototypesystemac-
ceptssuch a wide range of Japanesexpressions
thattheappropriatenessof our proposakanbecon-
firmed, thoughthe understandingf thoseexpres-
sionsis driven by a simple pattern-baseanecha-
nism. The matterworth specialmentionis the pro-



totypes chartredrav mechanism.As suggestedn

this papera correctchartin a certaincontext is one
thatcanberealizedby minimumchangeo thechart
asthecontect, andlosesminimuminformationfrom

it. We supposedhatchangesandlossof informa-
tion mattereecauseonsiderablenentalloadsare
neededo relatenew informationin thenew chartto

old informationin the context. In orderto reduce
thoseloads,we madethe processof changevisu-

ally understandableSpecifically the systemshavs

animationsthat representvhich componentof the
currentchartmoves and changego which compo-
nentof the new one. This featurehasreceved a
favorablereceptionin demonstrations.

A lot remainsfor future work. First, we will
consideransweringwh- and yes-nointerrogatves
in chartsin additionto answeringrequestdo shav
charts. Answeringsuchquestiondluently requires
collaborationbetweenchartsand text. Then, we
will examine richer chart realization. We should
considemotonly increasinghekindsof chartform
covered,but alsoassemblingnorethanonechartto
achieve acertaingoal. In addition,dimensionsuch
as visual promptsshouldbe incorporated. Lastly,
in the context of informationvisualization,the ef-
fectsof animationintroducedn theimplementation
of the prototypeshouldbe measuredjuantitatvely
to prove thatit really canreducementalload rather
thanmerelymale itself conspicuous.
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