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Abstract. Theoriesof learningsuggesthatdialogueis importantin
shapingconcepual development.However, thereis widespreadie-
bateasto the formsof dialogueandwhich areeffective in aneduca-
tional context. In addressingheseissueswe have analysedccurrent
knowledge conceriing dialecticsin philosopty and education We
proposeto adop a compuational dialecticalapproachto studythe
issuesrelatedto the developnment of anintelligent debatingsystem,
which is arguedto have potentialeducatioml benefit. This apprach
focuseson using modelsof dialoguedeveloped in the areaof in-
formallogic, which prescribeulesto regulatetheevolving dialogue
Ourproposedesearcitoncernghreemainissuesn theareaof com-
putationaldialectics:dialoguemodd, debding heuristictheoryand
dialecticalrelevance.

1 Introduction

The recentdevelopmentof ComputerBasedLearningSystemsand
theemegenceof the World Wide WebandtheInternethave changd
the study life of mary peoge. However, the usualassumptiorun-
derlying thesecomputerbasededucationakystemsds thatthe com-
puterdoesall the informing, the studentbeingmerelya passve re-
cewer of the information. The type of teachinginteraction,thatis,
may becomeunduly didactic[13]. Thereis thereforea needfor dia-
loguewithin interactve computersystemsFurther theoriesof learn-
ing have long suggestedthatdialoguehasanimportantrole to play
in shapingconceptuakhangeand developing reasoningskills [18].
There are mary different usesof dialoguein an educationalcon-
text. For example, Grassoet al’s [5] "Daphne”, a computationa
agentconductsan advice giving dialoguewith the userto provide
healthynutrition educaion. Maudet and Moore’s [10] humancom-
puter debateprototypewill enablea studentand computerto con-
duct a fair and reasonablelebateon a controversial issue.Raven-
scroft and Mathesm [17] introducetwo kinds of asymmetricdia-
loguesto supportlearning.Oneis the compuer beinga "f acilitating
tutor” and the studentthe "explaing”: the tutor raisessomeques-
tions, studentsanswerthe questionsand the tutor solves the con-
tradictionsof the students commitmentsand helpsthe studetts to
reachthe correctanswerratherthandirectly tell them.Ravenscroft
and Mathesors seconddialoguetype is similar to the first, but in-
cludesfurther didacticfeaturesBench-Capn et al. [3] investigated
the computemmediateddialoguein legal educationbcontext, which
is explanationbasedpoth participantsadoging symmetricroles[2].
Pilkington’s studyof simulation-basedearningidentifiedtwo types
of dialogue,aninquiry dialoguewith asymmetricrolesanda more
collaboratve gamegeneratingognitive conflictandreflection([15],
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[16]). However, thereis widespreaddebateasto the forms of dia-
loguein generalandwhich are effective in educdional contexts in
particular We thereforereview two apprachedo characterisinglia-
loguetypes thatof WaltonandKrabbe[21] andBaker[1], andthen,
we make a propasal for humancomptuer debateusing a dialectical
approach

2 Dialogue Typology
2.1 Walton and Krabbe'stypology

Type of dia- | Initial situa- | Participants Goal of dia-
logue tion goal logue
Persuasion Conflict of | Persuade Resole or
opinion otherparty clarify issue
Inquiry Needsio have | Find andver- | Prove  (dis-
proof ify evidence prove)
Negotiation Conflictof in- | Getwhatyou | Reasonhble
terest mostwant settlement
that both can
live with
Information- | Need infor- | Acquire or | Exchang in-
seeking mation give informa- | formation
tion
Deliberation | Dilemma Co-ordinate Decide best
or practical | goals and | available
choice actions course of
action
Eristic Personnel Verbally Revealdeepe
conflict hit out at| basisof con-
opporent flict

Figurel. WaltonandKrabbés dialoguetypology

The mostinfluential dialoguetypology is probaly Walton and
Krabbes [21] dialoguemodeldeveloped in the areaof agumenta-
tion theory This modelprovidesa broadtypology of dialoguetypes
andtheir rationale.lt is basedon threefactors:”(i) theinitial situa-
tion, (ii) the privateaimsof theparticipatingagent(iii) thejoint aims
towhichall participantsmplicitly subscrib® Six dialoguetypesare
includedin this model:persuasiomegatiation,inquiry, deliberation,
informationseekinganderistic.Seefigure 1 (citing from [21]). Reed
examinedtheabove dialoguemodelin somedepthin agentcommu-
nicationresearcj19]. He suggestshat’eristic’ dialogueis unlikely
to play a significantrole in currentcomputerscienceresearchHe
alsosuggestghat persuasin, inquiry andinformation-seeing dia-
logueshande belief, while negotiationdialogueraisesa contractand



deliberatiordialogueformsaplan.He furthernotesthatinformation-
seekingdialogueis asymmetric Accordingto [8], only persuasie,
negotiationand eristic dialogueare amgumentatie, but deliberation,
inquiry andinformation seekingare seenas nonrargumentatre, al-
thoughreasonings believedto occurin all of them.

2.2 Baker’'stypology

Baker's problem solving model claims that there are eight basic
forms of interactionsin co-operatie problem solving actiity in
learningsituations seefigure 2 (citing from [1] p131).

A symmetry

agrgement

(i)

alignment

co-constrution
apparento-construction
co-agumentation
apparento-agumentation
acquiescenco-elaboréon
apparenficquiescenco-elaboration
one-sideargumentation
apparenbne-sideargumentation
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Figure2. Baker'sdialoguemodel

Baker's modelis basedon threedimensions[1] degreeof (dis)
agreement[2] degree of (a) symmetry [3] degree of alignment.
Baker's explanationof the degreeof (a) symmetryis "either each
participanthasanalternatie proposalpr elseoneparticipantsimply
contestsanothers proposal”[?]. In a computationakontet, "sym-
metry” is often taken to suggestthat eachparticipantmakes more
or lessequalcontributionsto the dialogueandfollows the samedia-
loguerules,while "asymmetric” suggeststhat participantsplay dif-
ferentrolesin dialogueandfollow differentdialoguerules[10]. For
example one participantsimply contestsor acquiesce$o anothe’s
proposal[1]. Baker's notion of "alignment” is the sameas'collab-
orative’, which meansthe desiredend goalsare the samefor both
players,while non-collabeative meansthey do not have identical
endgoals[10].

Dialogue Initial situ- | (non)- col- | (a) sym- | Examples

type ation laboratve | metry

Co-agu- conflict collaboratveg symmetric | Negotiation

mentation [14], [19]

one-side conflict collaboratve asymmetric| Auction or

co-agu- bid

mentation

argu- conflict non- symmetric | Debate

mentation collaboratve [10]
Comple
critical
discussion
(20]
Symmetric
persuasion
(21]

one-side conflict non- col- | asymmetricl Asymmetrig

argumen- laborative persuasion

tation [21]
Simple
critical
discussion
[20]

co- ignorane@ | collaboratvd symmetric | Deliberation

construction inquiry
[21]
Discovery
[11]

one- ignorane | collaboratvd asymmetric| Facilitating

side co- dialogue[B]

construction

information} ignoran@ | non- col- | symmetric | Information

exchange laboratve excharge
[6]

Information| ignoran@ | non- col- | asymmetric| Information

seeking laboratve seeking
[21]

Figure3. Integrateddialoguetypology
2.3 Integration of the two dialogue typologies

Walton and Krabbes identification focuseson the philosophical
study of dialogue whereasBaker's modelis basedon co-operatre
problemsolving actiity in learningsituations.Walton and Krabbe
admitthe incompetenesf their identification.Actually, someex-
isting educationaldialoguesare outside Walton and Krabbes dia-
loguetypology. For exampleRavenscroftand Mathesors two kinds
of asymmetricdialogues[17], and Pilkington and Mallen’s inquiry
dialoguewith asymmetricroles[1q. Further in agentcommunica-
tion researchMcBurney andParsonsdentify two kinds of dialogue:
discaveryandcommandlialogue[11], whichareoutsideWaltonand
Krabbes dialoguetypology [21]. It might be though that Baker's
modelis moregeneralandcansubsumanNaltonandKrabbes. How-
ever, somedialoguetypescannotbedistinguishedy Baker'smodel,
for example, WaltonandKrabbes deliberatiorandinquiry dialogues
both fall into one catgory (co-constructiondialogue)of Baker’s.
Therefore we integrate Walton and Krabbes and Baker’s dialogue
typology, form a broaddialoguetypology basedon initial situation,
collaborationandsymmetry(i.e., threedimensiors).



2.31 Co-agumentationdialoguesandone-side
co-agumentatio dialogue

Co-agumentationdialoguesstart from conflict, but both partici-

pants’ aims areidentical, with symmetricroles. Examplessuchas

negotiation can be seenin [19] and [14]. The differencebetween
one-sideco-agumerative dialogue and co-agumentative dialogue
is that the participantsof one-sideco-agumentatie dialogueadop

asymmetrigoles,for exampleauctionor bid. Thefollowing dialogue
shavs an exampleof a one-sideco-agumentatie dialogueinterac-
tion (B: buyer, S: seller).

how muchis the Chinesdeaf?(informationseeking
: two poundk.
it is too expensve, how abou onepound?negotiation)
1 no, it is notexpensve. (unsatisfiedvith the price)
it is raining, if you do not sell, it may go bad, how about1.2
pound? (active negotiation)
: no (still unsatisfied).
1.5pounds?(active towardthe deal)
: ok (deal).

TnwWnw

»w®n

It is worth notingthatthe buyerandselleradoptdifferentrolesin
negotiation dialogue,the buyer actively negotiates,while the seller
just contestgatherthanactively negotiates,until the endof the dia-
logue.

2.32 Argumemation andone-sideargumetation dialogue

Argumentatiordialoguestartsfrom conflicts,but both sidesattempt
to persuaé the otherto accepttheir thesis,e.gMaudet andMoore’s

[10] debaing dialogue,Van Eemerenet als [20] comple critical

discussionandWaltonandKrabbes [21] permissie persuasiomlia-

logue(PPD) One-sideargumentatie dialoguehasdifferentrolesfor

both participantspne side builds its position,the otherside attacks
or contestsge.g Walton and Krabbes rigorous persuasiordialogue
(RPD)[21].

2.33 Co-corstructiondialogue andone-side
co-canstructiondialogue

Co-constructiordialoguestartsfrom an openproblemor question
two participantsontribute moreor lessequallyto solve the problem
e.g.McBurngy andParsonss [11] discovery dialogue.lt is interest-
ing that WaltonandKrabbes [21] deliberationandinquiry dialogue
all fall into thiscategory. Theparticipantof one-sideco-corstruction
dialoguehave differentroles,onesideprovidesthesolution,theother
sidemay criticise or point out mistales,but both partieshave identi-
cal goalsto solve the probleme.g.RavenscroftandPilkington’s [18]

facilitatingdialogue.

2.34 Information exchang andinformationseeking

dialogue

Suchdialoguedoesnot startfrom conflict. The participantshave dif-

ferentdialoguerolesandobligations ,onesidelacksinformation,the
other side provides information, hencethe dialogueis asymmetric
in nature(cf. Hamblin’s information-orienteddialogue[6]). Given
this dialoguetypology, our questionbecomeswhich of the diverse
dialoguetypesareeffective in edu@ationalcontexts. Answersto this
guestiongainedfrom empirical researcthave yet beenonly partial
[18]. However, the debatingstyle of dialogueinteractionis argued

by Maudetand Moore [10] to be importantin critical thinking and
developingdebatingandreasoningskills, andalsosuggestethy Pilk-
ingtonandMallen’s [16] educationabtiscourseanalysisto be effec-
tive andto have rich educationabenefit.A particularconcernwith
ourresearchtherefords to investigatdssuessurroundng acomputer
basedsystenmfor educationatlebate.

3 A Proposal for Human-Computer Debate

Thereareat leasttwo main areasof researchdealingwith dialogue:
linguisticdiscourseanalysisanddialectics Theformerapproactem-
phasiseempirical researchinto naturallanguageits structureand
processingand concerrs actual corversationalexchangg, but there
arewell known difficultiesin the applicationof suchanintentional
accountto make dialoguecomputatiorlly tractable.The latter ap-
proach- dialectics- involvesalogical accounbf interactionin terms
of rulesfor particularkinds of resporsesandinteraction,andutilises
"Dialogue GameTheory” modelsdevelopedwithin the field of In-

formal Logic to prescribehow dialogue shoud be regulated.There
is an increasinguse of a compuational dialecticsapprachin the
areaof humancomputerinteraction(e.g.[5]), agentcommurication
(e.g.[7]), mediationof legalreasoninde.qg.[2]) andArtificial Intel-

ligencein geneal [22]. In someliterature,computationhdialectics
is seenas a new sub-fieldof Artificial Intelligence[4]. Thereare,
however, mary openresearchissueswithin computationbdialectics,
andaninvestigationof whatarebelievedto be themostimportantin

adoptingthe computationhdialecticalapproactto developahuman
computerdebatingsystemwill form thebasisof thisresearchPrevi-

ousresearchn this applicationarea([12], [10]) hasrevealedseveral
importantissueghatneedfurtherinvestigation.

3.1 Dialogue model

The mostimportantissueconcernshe choiceor developmentof a
suitabledialecticalmodel. This is fundamemal, becauset formsthe
dialoguemodelthat the compuer systemwill useto rule asto the
acceptabilityof userinput andto delineatepossibledialoguecontri-
butionsit canmalke. Thedialoguemodelis therefore¢hefundamental
elementunderlyingthe proposeccomptuer debatesystem Thereare
however mary normatve dialoguegamesystemghathave beenpro-
posedn theareaof informal logic anddialecticg[10]. It is necessary
thereforeto selector develop a suitabledialecticalmodel given the
pre-requisitegor a compditive humanrcomputerdebateon contro-
versialissuessuchascapital punishment.Next, the appropiateness
of thedialecticalmodelneedgo beestablishedThe propcsedexper
imentalwork requiredfor this,aimedatiteratively building acompu-
tationalrealisationof the modelandestablishingvhetherthe model
canbereadily assimilatecandusedto generateggooddiscoursewill
form partof theuniquecontritution of thisresearchit is anticipated
thatthis partof thework will contributetowardsdevelopnentsin hu-
mancomptter dialogueandalsohelpto illuminateresearchissuesn
thefield of dialecticitself.

3.2 Debating strategic heuristics

In dialecticalsystemsthe dialogle regulationsusually leave some
room for choicesasto permissiblemove type and substantie con-
tent[12]. It is crucial thereforethat the computerhassomemeans
of selectingbetweenthe availablepossibilities.This choicemustbe
basedon somesuitablestratgy, andtheresearctwill thereforeseek



to developatheoryof debding heuristicausableby the debatingsys-
tem. A dialoguestrateyy is a setof movesdesigred to cumulatein
the achiezementof one’s objective in the dialoguegame A strateic
heuristicin a dialoguegamecanbe seenasa decisionaboutwhatto
do next andmay involve forms of agumentsuchasargumentfrom
analogy agumentfrom popularityandargumentfrom consegence.
Suitablecompuational strateyies are currently not known, but are
essentialf the compuer is to producehigh quality dialoguecontri-
butions.To determinethe appropriatenessf stratgiesgeneratedy
thetheory furthertechnicalanduserstudieswill berequired,aimed
at testingwhetherthe stratgy is effective. Analysis of resultswill
illuminatethe theoryof debatingheuristicsandhencemake a major
contribution to thefield of computationatialectics.

3.3 Dialectical relevance

A relatedproblemfor dialecticalsystemss thatnorule actuallycon-

trolstherelevance of thedialogue moves[9]. Withoutrelevancerules
to governthedialogue however, it maylosefocus,e.qg.if thestuden

inputs an irrelevant move, then a computer systemwithout a rele-

vanceruling will follow thestudeninto anirrelevantdialogue Given

theimportanceof relevancein dialecticalsystem existing literature
concernig the notion of relevance(e. g. [23]) will be investigated
andusedto derive relevane measuredor usewithin the computer
debatingsystem Furtherexperimentalork will thenbe conducted,
aimedat testingthe effectivenessf the proposedneasuresThere-

searchwill thereforecontribute to our knowledge of how to create
moreusefuldialecticalmodels.

4 Conclusion

We have reviewed two key philosophicaland educationaldialogue
typologies,proposedh broaddialoguetypology andarguedthat de-
bating style dialogueis potentially effective in critical thinking and
developmentof students debatingskills (cf. [12], [16]). A proposa
is madeto researchissuesn building anintelligentdebatingsystem
using a computationadialecticalapproach Threeimportantissues
arediscusse@ndpropacsedfor furtherresearch.
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