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Abstract

Consideringdataobtainedfrom a corpus
of databaseQA dialogues,we addressthe
natureof the discoursestructureneeded
to resolve the several kinds of contextual
phenomenafoundin our corpus.We look
at the thematicrelationsholding between
questionsand the precedingcontext and
discussto which extent thematicrelated-
nessplaysa role in discoursestructure.

1 Intr oduction

As pointedoutby severalauthors(Katoetal.,2004),
(Chai and Ron, 2004), the information needsof
usersinteractingwith QA systemsoftengo beyond
a singlestand-alonequestion. Often userswant to
researchabouta particular topic or event or solve
a speciÞctask. In suchinteractionswe canexpect
that the individual userquestionswill be themati-
cally connected,giving the usersthe possibility of
reusingpart of the context when formulating new
questions.

That usersimplicitly refer to andeven omit ma-
terial which can be recovered from the context
has alreadybeenreplicatedin several Wizard-of-
Oz experimentssimulatingnatural languageinter-
facesto databases,(Carbonell, 1983), (Dahlb¬ack
and J¬onsson,1989), the most frequentcontextual
phenomenabeingellipsis,anaphoraanddeÞnitede-
scriptions.

A big challengefor interactive QA systemsis,
thus,theresolutionof contextual phenomena.In or-
derto beableto do soa systemhasto keeptrackof

the userÕs focusof attentionas the interactionpro-
ceeds.The attentionalstateat a given point in the
interactionis given by the discoursestructure. An
openissue,however, is the natureof the discourse
structuremodelneededin a QA system.Ahrenberg
etal. (1990)arguethatthediscoursestructurein NL
interfacesis, given the limited setof actionsto be
performedby thesystemandtheuser, simplerthan
the one underlyinghuman-humandialogue. Upon
Ahrenberg etal. (1990)thisis givenby thediscourse
goals,ratherthantheoverall goalsof theuser, asis
thecasein task-orienteddialogues,(GroszandSid-
ner, 1986). Following Ahrenberg et al. (1990),the
QA discourseis structuredin segmentscomposed
by a pair of initiative-responseunits, like question-
answer, or question-assertion,in the absenceof an
answer. A segmentcanbeembeddedin anotherseg-
mentif it is composedby a clariÞcationrequestand
its correspondinganswer. The local context of a
segmentis givenby theimmediatelyprecedingseg-
ment. Upon Ahrenberg et al. (1990),the latter re-
liably limits up the searchspacefor antecedentsof
anaphoricdevicesandellipsis. However, aswe will
see,thereare few caseswhere the antecedentsof
contextual phenomenaare to be found beyond the
immediatelyprecedingsegments.Thissuggeststhat
a morecomplex approachto discoursestructurefor
QA systemsis needed.

In morerecentstudiesof interactive QA special
attentionhasbeenpaidto thethematicrelatednessof
questions,(ChaiandRon,2004),(Katoetal.,2004).
Chai and Ron (2004) proposea discoursemodel-
ing for QA interactionsin which they keep track
of thematictransitionsbetweenquestions.Although
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theapplicationsof trackingthematictransitionsbe-
tweenquestionshavenotbeeninvestigatedin depth,
SunandChai(2006)reportonanexperimentwhich
shows that the useof a model of topic transitions
basedon CenteringTheory improvesqueryexpan-
sionfor context questions.However, theseprevious
studieson the thematicrelationsbetweenquestions
arenot basedon collectionsof interactive data,but
on questionscenteredarounda topic thatwerecol-
lectedin non-interactive environments.This means
that they do not considerthe answersto the ques-
tions,to which following questionscanberelated.

Thispaperpresentsdataondifferentkindsof con-
textual phenomenafoundin a corpusof written nat-
ural languageQA exchangesbetweenhumanusers
andahumanagentrepresentinganinteractive infor-
mation service. We addresstwo issues: the kinds
and frequenciesof thematicrelationsholding be-
tweentheuserquestionsandtheprecedingcontext,
on theonehand,andthelocationof antecedentsfor
the different contextual phenomena,on the other.
We alsodiscussthequestionwhetherthematicrela-
tionscancontributeto determinediscoursestructure
and, thus, to the resolutionof the contextual phe-
nomena.

In thenext sectionwe presentour datacollection
andtheaspectsof theannotationschemewhich are
relevantto thecurrentwork. In section3 wepresent
dataregardingthe overall thematiccohesionof the
QA sessions.In section4 we reporton dataregard-
ing the co-occurrenceof discoursephenomenaand
thematicrelationsandthedistancebetweenthephe-
nomenaandtheir antecedents.Finally, we discuss
our Þndingswith regard to their relevancewith re-
spectto thenatureof discoursestructure.

2 Corpusand methodology

2.1 Experimental set-up

In order to obtain a corpusof natural QA inter-
actions,we designeda Wizard-of-Oz experiment.
The experimentwas set up in sucha way that the
exchangesbetweenusersand information system
would beasrepresentative aspossiblefor the inter-
actionbetweenusersandQA systems.We chosean
ontologydatabaseinsteadof a text basedcloseddo-
mainQA system,however, becausein orderto simu-
latea realsystemshorttimeresponseswereneeded.

30 subjectstook part in the experiment,which
consistedin solvingataskby queryingLT-WORLD,
anontologycontaininginformationaboutlanguage
technology1, in English.Themodalityof interaction
wastyping throughachat-like interface.

Threedifferenttasksweredesigned:two of them
concentratedoninformationbrowsing,theotherone
on information gathering. In the Þrst task sub-
jectshadto Þndthreetraineeshipsat threedifferent
projectsin threedifferentinstitutionseachon a dif-
ferenttopic, andobtainsomeinformationaboutthe
chosenprojects,like a contactaddress,a descrip-
tion, etc. In the secondtask, subjectshad to Þnd
threeconferencesin thewinter termandthreecon-
ferencesin the summerterm, eachoneon a differ-
enttopicandthey hadto obtainsomeinformationon
thechosenconferencessuchasdeadline,place,date.
etc.Finally, thethird taskconsistedof Þndinginfor-
mation for writing a report on Europeanlanguage
technologyin thelasttenyears.To thisend,subjects
hadto obtainquantitativeinformationonpatents,or-
ganizations,conferences,etc.

The Wizard waslimited to very few typesof re-
sponses.Themainresponsewasansweringa ques-
tion. In addition, shewould provide intermediate
informationaboutthe stateof processingif the re-
trieval took too long. Shecould also make state-
mentsaboutthecontentsof thedatabasewhenit did
not containthe information asked for or when the
userappearedconfusedabout the structureof the
domain. Finally, shecould ask for clariÞcationor
morespeciÞcitywhenthequestioncouldnot beun-
derstood. Yet the Wizard was not allowed to take
the initiative by offering information that was not
explicitely asked for. Thusall actionsof the Wiz-
ardweredirectlydependenton thoseof theuser.

As a resultwe obtaineda corpusof 33 logs (30
plus3 pilot experiments)containing125.534words
in 2.534turns,1.174of whichareuserturns.

2.2 Annotation scheme

The corpusreceived a multi-layer annotaton2 con-
sistingof Þve levels.Thelevelsof turnsandpart-of-
speechwereautomaticallyannotated.The level of
turnsrecordsinformationaboutthespeakerandtime

1Seehttp://www.lt-world.org.
2We employed the annotationtool MMAX2 developedat

EML Research,Heidelberg.
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stamp.For theotherlevels- thequestionslevel, the
utteranceslevel, andtheentitieslevel - aspeciÞcan-
notationschemewasdeveloped.For these,we only
explain theaspectsrelevantfor thepresentstudy.

2.2.1 Questions

This level was conceived to keep track of the
questionsasked by the user which correspondto
queriesto thedatabase.With theaim of annotating
thematicrelatednessbetweenquestionswe distin-
guishedtwo mainkindsof thematicrelations:those
holding betweena questionand a previous ques-
tion, quest(ion)-to-quest(ion)-rel(ation), and those
holding betweena questionanda previous answer,
quest(ion)-to-answ(er)-rel(ation).

Quest-to-quest-relscanbeof thefollowing types:

¥ reÞnementif the currentquestionasksfor the
sametypeof entity assomepreviousquestion,
but therestrictingconditionsaredifferent,ask-
ing, thus, for a subset,supersetor disjoint set
of thesameclass.

(1) US:How many projectsonlanguagetech-
nologiesarethereright now?
US: How many have been done in the
past?

¥ theme-entityif thecurrentquestionis aboutthe
sameentityassomepreviousquestion.

(2) US:Wherewill theconferencetakeplace?
US:Whatis thedead-linefor applicants?

¥ theme-propertyif thecurrentquestionasksfor
the samepropertyas the immediatelypreced-
ing questionbut for anotherentity.

(3) US:Datesof TALK project?
US:Datesof DEREKO?

¥ paraphraseif thequestionis therephrasingof
somepreviousquestion.

¥ overlapif thecontentof aquestionis subsumed
by thecontentof somepreviousquestion.

Wedistinguishthefollowing quest-to-answ-rels:

¥ reÞnementif the current questionasks for a
subsetof the entitiesgiven in the previous an-
swer.

(4) LT: 3810.
US: How many of them do researchon
languagetechnology?

¥ themeif thecurrentquestionasksaboutanen-
tity Þrstintroducedin somepreviousanswer.

(5) LT: Semaduct,...
US: What language technology topics
doestheSemaductprojectinvestigate?

Although Chai and Jin (2004) only considertran-
sitionsamongquestionsin dialoguesaboutevents,
most of our relationshave a correspondencewith
theirs. ReÞnementcorrespondsto their constraint
reÞnement, theme-propertyto theirparticipant-shift,
andtheme-entityto their topicexploration.

2.2.2 Utterances

Utterances are classiÞed according to their
speech-act:question, answer, assertion, or request.
Our annotationof discoursestructureis identicalin
spirit to theoneproposedby Ahrenbergetal. (1990).
A segment is openedwith a user questionto the
databaseand is closedwith its correspondingan-
swer or an assertionby the system. ClariÞcation
requestsandtheir correspondinganswersform seg-
mentswhich areembeddedin othersegments.Re-
queststo wait andassertionsabouttheprocessingof
aquestionarealsoembeddedin thesegmentopened
by thequestion.

Fragmentaryutterancesareannotatedatthislevel.
We distinguishbetweenfragmentswith a full lin-
guistic source, fragments with a partial source,
and fragmentsshowing a certainanalogywith the
source. The Þrst group correspondsto fragments
which are structurally identical to the sourceand
can,thus,beresolvedby substitutionor extension.

(6) US:Are thereany projectsonspellcheckingin
Europein theyear2006?
US:And in theyear2005?

Fragmentswith a partial sourceimplicitly refer to
someentity previously introduced,but someinfer-
encemustbedonein orderto resolve them.

(7) US:How is thecontactfor thatproject?
US:Homepage?
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The lastgroupis formedby fragmentswhich show
somekind of parallelismwith thesourcebut which
cannotberesolvedby substitution.

(8) US:Whichconferencesareofferedin thiswin-
ter termin thesubjectof Englishlanguage?
US: Any conferencesconcerninglinguisticsin
general?

2.2.3 Reference

We distinguishthe following typesof reference
to entities: identity or co-reference,subset/superset
andbridging.

Co-referenceoccurswhen two or more expres-
sionsdenotethe sameentity. Within this groupwe
found the following types of implicit co-referring
expressionswhich involve different degreesof ex-
plicitness: elided NPs, anaphoricand deictic pro-
nouns, deictic NPs, and co-referentdeÞniteNPs.
Elided NPs are optional arguments,that is, they
donÕt needto bein thesurface-formof thesentence,
but arepresentin thesemanticinterpretation.In (9)
thereis ananaphoricpronounandanelidedNPboth
referringto theconferenceSpeech TEKWest2006.

(9) US: TheSpeech TEK West2006, whendoesit
takeplace?
LT: 2006-03-30- 2006-04-01.
US:Until whencanI handin apaper[ ]?

Bridging is a deÞnitedescriptionwhich refersto
an entity relatedto someentity in the focusof at-
tention. The resolutionof bridging requiressome
inferenceto be donein order to establishthe con-
nectionbetweenthe two entities. In example(2) in
subsection2.2.1thereis anoccurrenceof bridging,
wherethedead-lineis meantto be thedead-lineof
theconferencecurrentlyunderdiscussion.

Finally, subset/supersetreference takes place
whena linguistic expressiondenotesa subsetor su-
persetof the setof entitiesdenotedby someprevi-
ouslinguistic expression.Subset/supersetreference
is sometimesexpressedthroughtwo interestingcon-
textualphenomena:nominalellipsis3, alsocalledse-
manticellipsis,andone-NPs4. Nominalellipsisoc-
curswithin an NP and it is namelythe nounwhat

3Note, however, that nominalellipsis doesnot necessarily
alwaysdenotea subset,but sometimesit candenotea disjoint
set,or just lexical materialwhich is omitted.

4One-NPsarea very rarein our corpus,sowe arenot con-
sideringthemin thepresentstudy.

is missingandmustbe recoveredfrom thecontext.
Herefollowsanexample:

(10) US:Show methe threemostimportant.

3 Thematic follow-up

When looking at the thematic relatednessof the
questionsitÕs striking how well structuredthe in-
teractionsareregardingthematicrelatedness.From
1047queriesto thedatabase,948(90.54%)follow-
up on someprevious questionor answer, or both.
Only 99 questions(9.46%)opena new topic. 725
questions(69.25%of the total, 76.48%of the con-
nectedquestions)arerelatedto otherquestions,332
(31.71%of thetotal,35.02%of theconnectedques-
tions)arerelatedto answers,and109(10.41%of the
total, 11.49%of the connectedquestions)arecon-
nectedto both questionsandanswers.Thesenum-
bersdonÕt saymuchabouthow well structuredthe
discourseis, sincethe questionscould be far away
from the questionsor answersthey are relatedto.
However, this is very seldomthe case. In 60% of
thecaseswherethequestionsarethematicallycon-
nected,they immediatelyfollow the questionthey
arerelatedto, thatis, thetwo questionsareconsecu-
tive5. In 16.56%of thecasesthequestionsimmedi-
ately follow theanswerthey arerelatedto. 74.58%
of the questions,thus, immediatelyfollow up the
questionor/andanswerthey arethematicallyrelated
to6.

Table 1 shows the distribution of occurrences
and distancesin segments for each of the rela-
tions describedin subsection2.2.1. We found that
the most frequentquestion-to-questionrelation is
theme-entity, followedby thequestion-to-answerre-
lationtheme. As youcansee,for all therelationsex-
cepttheme, mostoccurrencesarebetweenveryclose
standingquestionsor questionsandanswers,most
of them holding betweenconsecutive questionsor
questionsandanswers.The occurrencesof the re-
lation theme, however, aredistributedalonga wide
rangeof distances,29.70%holding betweenques-
tionsandanswersthatare2 and14 turnsaway from

5By consecutive we meanthatthereis no interveningquery
to thedatabasebetweenthe two questions.This doesnÕt imply
thattherearenÕt severalinterveningutterancesandturns.

69 questionsareconsecutiveto thequestionandanswerthey
are relatedto, respectively, thatÕs why the total percentageof
relatedconsecutivequestionsis not76.56%.
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REF. Q. THEME E. Q. THEME P. Q. PARA. Q. OVERL. Q. REF. A. THEME A.
TOTAL 74 338 107 174 29 29 303

(7.80%) (35.65%) (11.29%) (18.35%) (3.06%) (3.06%) (31.96%)
1 SEGM. 88.73% 81.65% 100% 60.92% 78.57% 83.34% 46.39%
2 SEGM. 5.63% 1.86% 0% 8.09% 21.43% 13.33% 10.20%

Table1: Occurrencesof thedifferentthematicrelations

REL. / PHEN. THEME E. Q. THEME P. Q. THEME A. REF. Q. REF. A. CONNECTED TOTAL
FRAGMENT 53 (54.08%) 17 (16.32%) 3 (3.06%) 21 (21.42%) 0 97 (85.08%) 114
BRIDGING 40(74.07%) 0 3 (5.55%) 1 (1.85%) 0 54 (58.69%) 92
DEFINITE NP 26 (78.78%) 0 4 (12.21%) 2 (6.10%) 0 33 (66%) 50
DEICTIC NP 19 (51.35%) 0 13 (35.13%) 2 (5.40%) 1 (2.70%) 37 (78.72%) 47
ANAPHORICPRON. 13 (39.39%) 2 (6.06%) 10 (30.30%) 0 5 (15.15%) 33 (39.75%) 83
DEICTIC PRON. 2 (75%) 0 1 (25%) 0 0 3 (25%) 12
ELIDED NP 9 (69.23%) 0 2 (15.38%) 0 0 13 (61.90%) 21
NOMINAL ELLIPSIS 0 1 (7.69%) 6 (46.15%) 1 (7.69%) 5 (38.46%) 13 (81.25%) 16

Table2: Contextual phenomenaandthethematicrelationsholdingbetweenthequestionscontainingthem
andthequestionsor answerscontainingtheantecedents.

eachother. This is becauseoften several entities
areretrievedwith asinglequeryandaddressedlater
on separately, obtainingall the informationneeded
abouteachof thembeforeturning to the next one.
We foundalsoquite long distancesfor paraphrases,
which meansthat the userprobablyforgot that he
had asked that question,sincehe could have also
scrolledback.

Theseparticular distributions of thematic rela-
tions seemto be dependenton the natureof the
tasks.We foundsomedifferencesacrosstasks:the
informationgatheringtaskelicitedmorereÞnement,
while the information browsing tasksgave rise to
more themerelations. It is possiblethat in an in-
teractionaroundan event or topic we may Þndad-
ditional kinds of thematic relations and different
distributions. We alsoobserved differentstrategies
amongthe subjects.The mostcommonwasto ask
everythingaboutanentitybeforeturningto thenext
one, but somesubjectspreferredto ask about the
valueof a propertyfor all theentitiesunderdiscus-
sionbeforeturningto thenext property.

4 Contextual phenomena:distancesand
thematic relatedness

Thereare1113userutterancesin ourcorpus,409of
which exhibit somekind of discoursephenomenon,
i.e., they arecontext-dependentin someway. This
amountsto 36.16%of the user utterances,a pro-

portionwhich is in themiddleof thosefoundin the
several corporaanalyzedby Dahlb¬ack andJ¬onsson
(1989)7. Theamountof context-dependentuserut-
terances,as Dahlb¬ack and J¬onsson(1989) already
pointedout, as well as the distribution of the dif-
ferent relationsamongquestionsand answersex-
plainedabove, may be dependenton the natureof
thetaskattemptedin thedialogue.

Table 2 shows the distribution of the most fre-
quentthematicrelationsholding betweenthe ques-
tions containingthe contextual phenomenaconsid-
eredin our studyandthequestionsor answerscon-
taining their antecedents. The rightmost column
showsthenumberof occurrencesof eachof thecon-
textual phenomenadescribedin subsection2.2.3.
The secondcolumnon the right shows the number
of occurrencesin which the antecedentis located
in someprevioussegmentandthequestioncontain-
ing thecontextual phenomenonis relatedthrougha
thematicrelationto thequestionor answercontain-
ing theantecedent.Thepercentagesshown for each
phenomenonareout of the total numberof its oc-
currences.The remainingcolumnsshow frequen-

7They found a high varianceaccordingto the kind of task
carriedout in the different dialogues. Dialoguesfrom tasks
wheretherewas the possibility to order somethingcontained
a higher numberof context-dependentuser initiatives, up to
54.62%, while information browsing dialoguescontaineda
smallernumberof context-dependentuserinitiatives,16.95%
beingthelowestamountfound.
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ciesof co-occurrencefor eachof thephenomenaand
thematicrelations.Thepercentagesshown for each
phenomenonareout of the total numberof its con-
nectedoccurrences.

For the majority of investigatedphenomenawe
observe that most questionsexhibiting them stand
in a thematicrelationto thequestionor answercon-
taining theantecedent.Althoughtheremaybesev-
eral intermediateturns,therelatedquestionsareal-
mostalwaysconsecutive, that is, the segmentcon-
tainingthecontextualphenomenonimmediatelyfol-
lows the segmentcontainingthe antecedent.In the
remainderof thecases,thecontextual phenomenon
andits antecedentareusuallyin thesamesegment.

However, this is not the case for deictic and
anaphoricpronouns.In mostcasestheirantecedents
arein thesamesegmentandevenin thesameutter-
anceor just oneutteranceaway. This suggeststhat
pronounsareproducedin a morelocal context than
otherphenomenaandtheirantecedentsareÞrstto be
lookedfor in thecurrentsegment.

For almostall the phenomenathe most frequent
relation holding betweenthe questioncontaining
themandthequestionor answercontainingthean-
tecedentis the question-to-questionrelationtheme-
entity, followed by the question-to-answerrelation
theme. This is not surprising,sincewe referbackto
entitiesbecausewekeepspeakingaboutthem.

However, fragmentsandnominalellipsis show a
differentdistribution. Fragmentsarerelatedto their
sourcesthrough the question-to-questionrelations
theme-propertyandreÞnement, aswell. Regarding
the distribution of relationsacrossthe threediffer-
ent typesof fragmentswe distinguishin our study,
we Þnd that the relations reÞnementand theme-
property only hold betweenfragmentswith a full
sourceandfragmentsof typeanalogy, andtheir re-
spective sources.On the otherhand,practicallyall
fragmentswith a partial-sourcestandin a theme-
entity relationto their source.Questionscontaining
nominalellipsisaremostly relatedto thepreceding
answerboth throughtherelationsthemeandreÞne-
ment.

4.1 Antecedentsbeyond the boundariesof the
immediately precedingsegment

As we have seen,the antecedentsof more implicit
co-referringexpressions,likepronouns,areveryof-

ten in the samesegmentas the expressions. The
antecedentsof lessexplicit co-referringexpressions,
like deictic anddeÞniteNPs,aremostly in the im-
mediatelyprecedingsegment,but alsooften in the
samesegment. About 50% are2 utterancesaway,
20%between3 and5, althoughweÞnddistancesup
to 41utterancesfor deÞniteNPs.

However, thereis a smallnumber(11)of casesin
which the antecedentsarefound acrossthe bound-
ariesof the immediatelyprecedingsegment. This
poses a challenge to systemssince the context
neededfor recovering theseantecedentis not aslo-
cal. The following example is a caseof split an-
tecedents.Theantecedentof theelidedNP is to be
found acrossthe two immediatelyprecedingques-
tions. Moreover, asyou cansee,the Wizard is not
sureabouthow to interpret the missingargument,
which canbe becauseof the split antecedents,but
alsobecauseof the amountof time passed,and/or
becauseoneof the answersis still missing,that is,
morethanonesegmentis openat thesametime.

(11) US: Which are the webpagesfor European
Joint Conferenceson Theory and Practice
of Software and International Conferenceon
Linguistic Evidence?
LT: Pleasewait... (waiting time)
US: Which arethewebpagesfor International
Joint Conference on Neural Networks and
Translatingand theComputer27?
LT: http://www.complang.ac,... (1stanswer)
US: Up to which dateis it possibleto senda
paper, anabstract[ ]?
LT: http://uwb.edu/ijcnn05/,... (2ndanswer)
LT: For whichconference?
US: For all of the conferencesI got the web-
pages.

In the following example the antecedentof the
deÞniteNP is also to be found beyond the bound-
ariesof theimmediatelyprecedingsegment.

(12) US:Whatis thehomepageof theproject?
LT: http://dip.semanticweb.org
USER:What is theemailaddressof Christoph
Bussler?
LT: Thedatabasedoesnotcontainthisinforma-
tion.
US:Wheredoestheprojecttakeplace?
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Heretheuserasksabouttheemailaddressof a per-
sonwho waspreviously introducedin thediscourse
as the coordinatorof the project underdiscussion
andthenkeepsonreferringto theprojectwith adef-
inite NP. The interveningquestionis somehow re-
latedto theproject,but not directly. Thereis a topic
shift, asdeÞnedby Chai andJin (2004),wherethe
maintopicbecomesanentityrelatedto theentitythe
precedingquestionwasabout. However, this topic
shift is only at a very local level, sincethedialogue
participantskeeponspeakingabouttheproject,that
is, the topic at a moregenerallevel keepson being
the same. We canspeakhereof thematicnesting,
sincethe secondquestionis aboutan entity intro-
ducedin relationto the entity in focusof attention
in the Þrstquestion,andthe third questionis again
aboutthesameentityastheÞrst.Theprojecthasnot
completelyleft the focus,but hasremainedin sec-
ondaryfocusduringthesecondsegment,to become
again themain focusin the third segment. It seems
thataslongastheentity to which thefocusof atten-
tion hasshiftedis relatedto theentity previously in
focusof attention,thelatterstill alsoremainswithin
thefocusof attention.

5 Conclusions

The possibility of using contextual phenomenais
givenby certaintypesof thematicrelatedness- espe-
cially theme-entityandtheme, for co-referenceand
bridging, and reÞnement, theme-entityand theme-
property, for fragments-, and contiguity of ques-
tions. As we have seen,the immediatelypreced-
ing segmentis in mostcasesthe upperlimit of the
searchspacefor the last referenceto the entity, or
the elidedmaterialin fragments.The directionsof
the searchfor antecedents,however, can vary de-
pendingon thephenomena,sincefor moreimplicit
referringexpressionsantecedentsareusually to be
found in the samesegment,while for lessimplicit
referringexpressionsthey areto befoundin thepre-
cedingone.

Thesedataare in accordancewith what Ahren-
berg et al. (1990) predict in their model. Just to
considerthe immediatelyprecedingsegmentasthe
upper limit of the searchspacefor antecedentsis
enoughand,thus,no trackingof thematicrelations
is neededto resolve discoursephenomena.How-

ever, thereare occurrencesof more explicit types
of co-referenceexpressions,where the antecedent
is beyond the immediatelyprecedingsegment. As
we have observed, in thesecasesthe intervening
segment/sshift the focus of attentionto an entity
(maybeprovided in someprevious answer)closely
relatedto the one in focus of attentionin the pre-
cedingsegment. It seemsthat as long asthis rela-
tion exists, even if therearemany segmentsin be-
tween8, theÞrstentity remainsin focusof attention
andcanbereferredto by animplicit deicticor deÞ-
niteNPwithoutany additionalretrieval cue.Wecan
speakof thematicnestingof segments,whichseems
to be analogousto the intentionalstructurein task-
orienteddialoguesas in (GroszandSidner, 1986),
alsoallowing for referencewith implicit devicesto
entitiesin thesuperordinatesegmentsafter thesub-
ordinatedoneshavebeenclosed.It seems,thus,that
thematicstructure,like thediscoursegoals,alsoim-
posesstructureon thediscourse.

Thesecases,althoughnot numerous,suggestthat
a more complex discoursestructureis neededfor
QA interactionsthanonesimply basedon the dis-
coursegoals. The local context is givenby thedis-
coursesegments,which aredeterminedby the dis-
coursegoals,but alesslocalcontext mayencompass
several segments.As we have seen,referencewith
implicit devicesto entitiesin the lesslocal context
is still possible.What seemsto determinethis less
local context is a uniquetheme,aboutwhich all the
segmentsencompassedby thecontext directlyor in-
directlyare.So,althoughit doesnotseemnecessary
to trackall thethematictransitionsbetweentheseg-
ments,it seemsnecessaryto categorizethesegments
asbeingaboutaparticularmoreglobaltheme.

In asystemliketheonewesimulated,having spe-
ciÞc tasksin mind andqueryingstructureddata,a
possibleapproachto model this extendedcontext,
or focusof attention,would be in termsof frames.
Every time a new entity is addresseda new frame
is activated. The frameencompassesthe entity it-
self andthe propertiesholding of it andotherenti-
ties, as well as thoseentities. This would already
allow us to successfullyresolve bridging andfrag-
mentswith a partial source. If the focus of atten-

8We foundup to Þve interveningsegments,oneof thembe-
ing asubsegment.
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tion thenshiftsto oneof therelatedentities,theuser
demandingparticularinformationaboutit, then its
frame is activated,but the previous frame also re-
mainssomehow active, althoughto a lesserdegree.
As long as thereis a connectionbetweenthe enti-
tiesbeingtalkedaboutanda frameis not explicitly
closed,by switchingto speakabouta differenten-
tity of the sameclass,for example,framesremain
somehow active andimplicit referenceswill be ac-
commodatedwithin theactivationscope.

In principle, the closerthe relation to the entity
currentlyin focus,thehigherthedegreeof activation
of the relatedentities. Yet, theremay be casesof
ambiguity, whereonly inferencesaboutthegoalsof
theusermayhelpto resolvethereference,asin (13):

(13) US: How is thecontactfor thatproject?
LT: daelem@uia.ua.ac.be
US:Whatis theinstitute?
LT: CentrumvoorNederlandseTaalenSpraak.
US:Homepage?

HerethepropertyÓHomepageÓcouldbeaskedabout
the institution or the project, the institution being
moreactive. However, the Wizard interpretedit as
referring to the project without hesitationbecause
sheknew that subjectswere interestedin projects,
not in organizations.In orderto resolve theambigu-
ity, wewouldneedasystemcustomizedfor tasksor
make inferencesaboutthe goalsof the usersbased
on thekind of informationtheyÕve beenaskingfor.
Determiningat which level of nestingsomeexpres-
sionhasto beinterpretedmayinvolve planrecogni-
tion.

However, for opendomainsystemsnot having a
knowledge-basewith structureddatait maybemuch
moredifÞcult to keeptrackof thefocusof attention
beyond the strictly local context. For other kinds
of interactionswhich donÕt have sucha structured
natureasour tasks,this may alsobe the case. For
example,in theinformationbrowsingtasksin (Kato
et al., 2004),thereis not a global topic encompass-
ing thewholeinteraction,but theinformationneeds
of the userare given by the information he is en-
counteringasthe interactionproceeds,that is, he is
browsingtheinformationin afreeway, withouthav-
ing particulargoalsor particularpiecesof informa-
tion he wants to obtain in mind. In suchcasesit
may be difÞcult to determinehow long framesare

active if thenestinggoesvery far, aswell asmaking
any inferencesaboutthe userÕs plans. However, it
might alsobe the case,that in that kind of interac-
tions no implicit referringexpressionsareusedbe-
yond the segmentallevel, becausethereis no such
an extendedcontext. In order to Þnd out, a study
with interactivedatashouldbecarriedout.
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