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Abstract

This work is the first systematidnves-
tigation of initiative in human-human
tutorial dialogue. We studied initia-
tive managemenn two dialoguestrate-
gies: didactictutoring and Socratictu-
toring. We hypothesizedhat didactic
tutoringwould be mostlytutorinitiative
while Socratictutoringwould be mixed-
initiative, and that more studentinitia-
tive would lead to more learning (i.e.,
task successfor the tutor). Surpris-
ingly, studentshad initiative more of
thetime in the didacticdialogues21%
of the turns) than in the Socraticdia-
logues(10%of theturns),andtherewas
no direct relationshipbetweenstudent
initiative and learning. However, So-
cratic dialogueswere more interactve
thandidacticdialoguesas measuredy
percentagef tutor utteranceshatwere
guestionsand percentageof words in
the dialogueutteredby the student,and
interactvity had a positve correlation
with learning.

1 Intr oduction

Tutorial dialoguesystemgacethe uniqueproblem
thatusergstudentspftendonotknow theanswers
to questionsasledby thesystemandmayproduce
wronganswerghatarenotin thesystems domain
model. Becausef thesedifficulties, currenttuto-

rial dialoguesystemsarelargely system-initiatie;

only thesystemasksquestionsandfor eachques-
tion, systemdesignersouild a databasef poten-

tial correctandincorrectanswersanda setof re-
sponseso dealwith theincorrectanswers.

Therehasbeena similar trendin the spolendi-
aloguesystemscommunity The problemin this
caseis poor speechrecognitionperformanceand
thesolutionis for thesystemo askquestionswvith
a limited set of answers. However, Chu-Carroll
andNickerson(2000)shavedthatasuitablyintel-
ligent mixed-initiative dialoguesystem(MIMIC)
outperformeda comparablesystem-initiatre di-
alogue systemin terms of user satishction and
taskefficieng. MIMIC could backoff to system-
initiative modewhennecessaryput otherwiseop-
eratein mixed-initiatve mode.

The cognitive scienceliterature indicatesthat
sucha breakthroughis also neededin the tutor
ing community The currentsystem-initiatie ap-
proachesconflict with argumentsthat it is the
highly collaboratve natureof human-humatutor
ing dialoguethat leadsto learning(Merrill etal.,
1992a;Fox, 1993;Graesseetal., 1995). Through
this dialogue,tutors caninterveneto ensurethat
errorsare detectedandrepairedandthat students
canwork aroundimpassegMerrill etal., 1992b).
Previous researchhas also shavn that students
must be allowed to constructknowledge them-
selhesto learnmosteffectively (Chi et al., 1989;
Chi etal., 1994;VanLehnet al., 1998). The con-
sensugrom thesestudieds thatexperiencedutors
maintainadelicatebalanceallowing student$o do
asmuchof thework aspossibleandto maintaina
feeling of control, while providing studentswith
enoughguidanceo keepthemfrom becomingoo
frustratedor confused We referto this style of tu-
toring as“Socratic” becauseét is characterizedby
the use of questionsand other hints to drav out
answerdgrom studentdaving difficulty.



(Ros etal., 2000)givesanoverviewn of the ev-
idencein favor of Socratictutoringaswell asde-
scribinganopposingviewpointsupportingatutor
ing style referredto asdidactic. Here,ratherthan
drawing outtheanswerfrom the studentthe tutor
pointsout the students errorandexplainshow to
derive the correctanswer

We hypothesizedhat (1) didactictutoring cor
respondsto the system-initiatre dialogue man-
agementcurrently implementedin tutorial dia-
logue systems, (2) Socratic tutoring is mixed-
initiative, and (3) furthermorethatinitiative is di-
rectly relatedto “Socraticness™— more student
initiative would meanmore studentlearning al-
though a minimum amountof tutor initiative is
likely to benecessary

To investigatethesehypotheseswe undertook
a systematicinvestigationof initiative, tutoring
stratgy (Socraticvs. didactic),andlearning(task
success)using a seriesof human-humartutor
ing dialoguesfrom anearlierproject(Ro< etal.,
2000). In one setof dialogues,the tutor useda
Socratictutoring style while in the othersheused
a didactictutoring style. We annotatedhesedia-
loguesfor initiative, measuredhe distribution of
initiative in the Socraticand didactic dialogues,
and measuredhe relationshipbetweeninitiative
andstudentearning.

2 Previous Work

2.1 Defining Initiati ve

Shah(1997)definesstudeninitiative as“any con-
tribution by the studenthatattemptgso changehe
courseof the [tutoring] session”(p. 13). Shahs
corpusanalysisdealtwith remediationdialogues
wherea tutor quizzedstudentsaboutthe answers
they gave during problem solving. In this cor
pus, studentinitiatives are studentutteranceghat
arenot answergo questions.Shahassumeshat
theseinitiatives are dealtwith exclusively by the
tutor’s next speechact, andthatinitiative thenre-
vertsbackto thetutor. Thisdefinitionwastoolim-
ited for our morefree-formtutoringdialogues.
Sinclairand Coulthard(1975)developeda dia-
logue grammarfor classroomdiscussions.Their
minimal unit of dialogueis the exchange whichis
composeddf an initiating move, an optional re-

spondingmaove, and an optional feedbackmove.

Whoever makestheinitiating move is saidto have

initiative for the exchange. Although questions
can be reasled in casesof incorrectstudentan-

swersthisframevork doesnotcaptureotherways
an exchangecan be disrupted(e.g., the student
asksa questionratherthanansweringthe current
guestion)andagainthis definitionwastoo limited

for ourdialogues.

Linell etal. (1988)discusshow arespondecan
ask for clarification, challengethe speakr, and
changetopics as well as responddirectly to an
initiating move. Linell et al. do not assigninitia-
tive directly to spealkers but insteadrank spealker
movesbasedon hov much“they canberegarded
asgoverningor steeringthe ensuingdialogueand
asbeinggovernedor commandedy the preced-
ing dialogue”(p. 419). For example,anutterance
which is not a responsen ary way but requiresa
responsdrom the listeneris ranked highestwith
avalueof six. Minimal responsesreat the other
endof the scale(with a rank of two); they invite
noresponsandgive nomoreinformationthanre-
quired.

Linell et al’s approachwasto samplea wide
variety of dialogue genresin developing their
definition; in contrast, Chu-Carroll and Brown
(1998) focussedspecifically on problem-solving
dialogues.They foundthatit wasimportantto dif-
ferentiateinitiative (which they call dialogueini-
tiative) from taskinitiative. They definedialogue
initiative by statingthatit “tracks the leadin de-
terminingthe currentdiscoursdocus” (p. 6),! and
that task initiative “tracks the lead in the devel-
opmentof the agents’plan” (p. 6). Presumably
determiningthe discoursdocusmeanssettingthe
discoursesggment purposeas definedin Grosz
and Sidners (1986)theory of discourse.What it
meansto take the leadin developingthe agents’
plandepend®n the planrepresentatiobut infor-
mally canreferto addingor taking avay actions
from the plan, rearrangingactions,or settingpa-
rameters.

Whittaker and Stenton(1988)do not defineini-
tiative beyond calling it control of the dialogue
by its participants. Their work is notablein that

1The page numbers come from the digital version:
http://citeseenj.nec.com/244268.html



they define a set of rules (see Figure 1) speci-
fying who hasinitiative for eachturn in a dia-

logue.Theserulesapproximatehe morecomple

definition given by Chu-Carrolland Brown and
have beenusedin several projectsbecausehey

facilitatereliableannotation(StrayerandHeeman,
2001;JordanandDi Eugenio,1997;Doranetal.,

2001;Walker andWhittaker, 1990).

2.2

Previous work has shavn a pattern to how
initiative shifts among dialogue participantsin
problem-solvingdialogues. Guinn (1996) used
simulatedcorversationalagentsto argue that the
mostefficientproblem-solvinglialoguesarethose
wherethe participantwho knows the mostabout
the currentsubtasktakes initiative. The corpus
analysisof Walker and Whittaker (1990) gives
evidencethatin naturaldialogue,knowledgeable
speakrsdo take initiative. Walker andWhittaker
studiedtask-orientedlialogueg TODSs) involving
an expert guiding a novice throughassemblinga
waterpump,andadvisorydialoguegADs) involv-
ing an expert giving advice about financial and
software problems. In the TODs, as we would
expect, the expert had initiative mostof the time
(91% of the turns). However, ADs have closerto
anequalsharingof initiative — the experthadini-
tiative for 60% of the turnsin financeADs and
51%of theturnsin softwareADs. Thisis because
in the ADs, the novice mustcommunicatehe de-
tails of his problemto the expert aswell asthe
experttelling the novice whatto do.

Shah (1997) investigatedinitiative in tutorial
dialogue,typedhuman-humartutoring dialogues
dealingwith the circulatory system. Her corpus
consistedf studentsinitial tutoringsessioranda
subsequergessiomwith eachof thesamestudents.
Shecat@orizedstudentinitiatives basedon their
communicatre goal (e.g., challenge support,re-
pair, requestnformation).Shahfoundthattheini-
tial sessiondradtwice the numberof studentini-
tiativesasthe subsequergessions.The natureof
studeninitiativesalsochangedvertime: thepro-
portion of studentinitiatives associateavith con-
fusion (long pausesindself repairs)decreaseth
subsequensessionsand the proportionof chal-
lengesincreased.Shahalsolooked at tutor reac-

Initiati ve in human-human corpora

tions to studentinitiatives; she found that tutors
sometimesejectedstudentinitiatives, but shedid
notinvestigatewhattriggeredsuchactions.

Graesserand Person(1994) labeled student
guestions(a subsetof the initiatives studied by
Shah)in a corpusof tutoring sessiondor a re-
searchmethodscourse. Graesseand Personde-
velopeda taxonomyof different questiontypes.
Of specificinterestaredeep-reasoningndknowl-
edgedeficit questions.Deep-reasoninguestions
involve causalreasoningand hypotheticalsitua-
tions. Knowledgedeficit questionsaretriggered
when a studentrealizesan inconsisteng or gap
in his understandingor gets stuck on a prob-
lem. Graesseand Personfound thatin the first
half of the coursethere was a negative corre-
lation betweenoverall numberof studentques-
tions andexam scores. In the secondhalf of the
course,therewere positve correlationsbhetween
exam scoresand the proportionof studentques-
tions that were deep-reasoninguestionsandthe
proportionof studentquestionghat were knowl-
edgedeficitquestions.

Our study focusedsolely on initiative and did
not addresghe difficult problemof cateyorizing
guestionsemantics.Initiative is a noisy measure
of studentparticipation. Shallov questionssuch
as“What do | do next?” were treatedthe same
asinsightful questionsuchas"ls aloadbasically
the oppositeof a source?”. Despitethis interfer
ence,we hypothesizedhat high levels of initia-
tive would characterizestudentsvho took control
of their learningandasa resultscoredwell in the
postexperimenttest.

3 Our Initiati ve Study

Thissectionis asummaryof ourmethodologyand
results. For more detailsor to downloadthe cor
pus or annotationmanual,consultthe web page
http://www.cogsci.ed.ac.ukffmoore/tutoring/
BEE_corpus.html.

3.1 Method

Thesettingfor this studyis acourseon basicelec-
tricity and electronics(BEE) developedwith the
VIVIDS authoringtool (Munro, 1994). Students
readfour textbook-stylelessonsandperformedsix
labsusinga circuit simulatorwith a graphicalin-



terface. (Ro< et al., 2000) describesan experi-
mentwhere studentswent throughtheselessons
andlabswith the guidanceof a humantutor (the
sameonefor the entirestudy). Beforethelessons,
studentswere given pretestdo gaugetheir initial
knowledge. After beingtutored,studentgook the
sameestsagain.Wereferto thedifferencean their
scoresaslearninggain. Therewerethreesetsof
tutoringsessionga sessiormeansall thedialogue
betweerthe tutor andone particularstudent):(1)
thetrial sessionsvherethetutorwasnotgivenary
instructionson how to tutor [3 students],(2) the
Socraticsessionawvhere the tutor was instructed
not to give explanationsandto ask questionsin-
stead[10 students],and (3) the didactic sessions
wherethe tutor wasencouragedo give explana-
tions and then probe studentunderstandingvith
questiong10 students]During thesesessionshe
student&ndtutor communicatedhroughachatin-
terface.We will referto thelogsof this chatinter
faceasthe BEE dialogues.

In previous work (Core et al., 2002), we ad-
dressedthe questionof whetherthese Socratic
and didactic dialogueswere really Socraticand
didactic. We usedinteractvity to approximate
“Socraticness”,and shaved that the Socraticdi-
aloguesveremoreinteractve thanthedidacticdi-
alogues.On averagein the Socraticdialogues:a
greaterproportionof tutor utteranceswere ques-
tions (42% vs. 29%); the studentsproduceda
higherpercentagef wordsin the dialogueq33%
vs. 26%); and tutor turns and utteranceswere
shorter It is debatablaevhetherthis meanghedia-
loguesarereally Socraticanddidacticbut it proves
they reflectdifferenttutoring styleswhichis suffi-
cientfor the purpose®f this study

Ros et al. (2000) addressedthe issue of
whetherthe Socraticdialoguesn this corpuswere
moreeffective thanthe didacticones.They found
a trend for Socraticallytutored studentsto learn
more, but additionaldatais neededo verify this
trend.Chi etal. (2001)performedasimilar study;
in this case no differencewasfound betweenthe
two tutoring stratgjies. However, Chi etal. noted
thatthedidactictutorssometimesnadwertentlyre-
vealedanswergo questionson the post-test(the
testgivenaftertutoringto measurdiow muchwas
learned). So we cannotsay arnything conclusve

if turn = command t hen
speaker has initiative
if turn = question then
if (last_turn = question or
I ast _turn = command) then
listener has initiative
el se speaker has initiative
if turn = statenent then
if last_turn = question then
listener has initiative
el se speaker has initiative
if turn = pronpt then
listener has initiative

Figurel: Rulesfor Assigninglnitiative

aboutthe effectivenessf Socratictutoringin the
BEE domainor Socratictutoringin general.

3.2 |Initiati ve Annotation Method

The two definitions of initiative we considered
were that of Chu-Carrolland Brown (1998) and
Linell etal. (1988). We felt that the extra gran-
ularity provided by Linell et al!s initiative ranks
would not be necessanand adoptedChu-Carroll
and Brown'’s definition. However, this definition
malkes referenceto discoursefocus without giv-
ing guidelinesasto how discoursefocusis to be
recognizedduringannotation For this reasonwe
usedWhittaker andStentonsinitiative assignment
rules (1988) as an approximationto Chu-Carroll
andBrown’sdefinitionof (dialogue)initiative. We
did notattempto annotateaskinitiative, but men-
tion this issueagainin the conclusions.

We first give detailsof theinitiative assignment
rulesandthencomebackto the issueof whether
this was a valid choice. Before the rulescanbe
applied,eachturnin the dialoguemustbe classi-
fied into one of the following typesbasedon its
main purpose:assertions- declaratre turnsused
to statefacts,commands- turnsintendedto in-
stigateaction, questions- turnsintendedto elicit
information, and prompts - turns not expressing
propositionakcontent(e.g., “yeah”, “okay”).

Weusedtherulesin Figurel to assignnitiative.
Thesearethesameastherulesgivenby Whittaker
and Stentonexceptthat we make the assumption
that a statemenfollowing a questionrespondgo
thatquestion.

A benefitof thisannotatiorschemas thatin our
corpusthe majority of turnscanbe automatically
labeled:questiors oftenendedn questiormarks;
commands oftenstartedwith verbs;alist of com-



mon prompts (“okay”, “yeah”) allowed mostof
theseto belabeled,and statementcould be used
to labeleverythingelse.

We needechumanannotatorgo correctthe au-
tomatic labeling. One of the authorsof the pa-
per and anotherhumanannotator(not a project
membercorrectedheautomaticannotationsThe
annotatorshad a referencemanual and trained
on trial sessionsof the dialogues. To testinter
annotatorreliability, theauthorandexternalanno-
tator labeledthe same757 examplestaken from
non-trainingdata;the resultinginterannotatorre-
liability asmeasuredvith the kappastatisticwas
0.92. Generally kappavaluesabove 0.8 arecon-
sideredacceptablé.

Although theseinitiative assignmentules al-
low reliableannotatiorandareeasyto implement,
the questionremainswhetherthey actually cap-
tureinitiative. It is clearthatcommandsndques-
tionsnotfollowing questiongi.e., notclarification
questionsyetthe discoursesggmentpurpose(i.e.,
take initiative). The contentiousaspectf these
rulesareassuminghatanswersever take initia-
tive andthat questiongollowing questionsever
take initiative. It is simpleto constructcounter
examplego theseassumptionshowever, therules
work well in practice. Walker and Whittaker
(1990)shavedthatthird persorandoneanaphora
rarely crossedseggmentboundariesnarked by ini-
tiative changesnnotatedvith theseguidelines’

It maybethecasethattheseannotatiorassump-
tionsfail on selectedexamples.However, in elim-
inatingtheassumptiond is likely thatwe will in-
troducemoreerrorsthanwe correct.For example,
it is clearthat someanswerstake initiative; if a
speakr asks“what time is it?” andthe listener
givesmoreinformationthanthe currenttime, then
the listenerhastaken initiative. However, if the
speakr asks“what causesurrentto flow?”, it is
muchmoredifficult to saywhichanswergake ini-
tiative. Similarly, it is difficult to saywhenaques-

2Theseguidelinesare basedon commentsby Krippen-
dorff (1980)assummarizedn Carletta(1996).Krippendorf
consideredhe caseof two annotated/ariables.He saidthat

comparisonswvere reliable when the kappasfor thosevari-
ableswereabove 0.8.

3In this study hierarchicaldiscoursesegmentswere an-
notatedusing changesn initiative asa startingpoint; these
changesveretaken asmarkingeithera segmentendpointor
thebegginningof anestedsegment.

tion following a questiontakes initiative. Some
factorsarethecontentof thesecondjuestionhow
mary timesthefirst spealker hasbeeninterrupted,
andthereactionof the first spealer. But it seems
verydifficult to definethesefactorsmoreprecisely
andto definehow they interact.

3.3 Initiati ve Analysis

Ourfirst analysiswasto measurehe averageper
centageof turnsfor which studentshad initiative
in the Socraticand didactic dialogues. The So-
cratic dialogueshad 1547turns, 2853 utterances,
and23,451wordswhile thedidacticdialogueshad
1378 turns, 2993 utterancesand 26,195words.
Surprisingly studentdhadinitiative for fewerturns
onaverage(10%)in the Socraticdialogueghanin
thedidacticdialogueq21%)# Theseresultsshav
thatstudentslid nottake advantageof thefactthat
the Socraticdialoguesveremoreinteractve, and
did notaskmorequestionsjn factstudentsasled
fewer questionsn the Socraticcondition. We no-
ticed that mary studentquestionsin the didactic
dialoguedollowed explanationsperhapdecause
thelong explanationsconfusedstudents.

We next testedthe relationshipbetweeninitia-
tive andlearninggain. SinceSocraticanddidactic
dialoguesalsodiffer in interactvity, we testedthe
relationshipbetweenlearninggain andthe inter-
actvity measure®f averagepercentagef words
and utterancegproducedby the studentand aver-
agepercentagef tutor utteranceshatwereques-
tions. Figure 2 shaws this data; the top graph
shaws that initiative varies erratically as learn-
ing gainincreasesthereis no relationship(Pear
sons r=-.0689, n=23, NS) betweenthesevari-
ables. The samegraphalso shavs averageper
centageof words producedby the student; this
doeshave arelationshipwith learninggain (Pear
sonsr = 0.6,n = 23, p < 0.005). The bottom
graphshaws the relationshipbetweenpercentage
of utterancegproducedby the studentandlearn-
ing gain (Pearsors r = 0.56,n = 23, p < 0.005),
and the relationshipbetweenaveragepercentage

“To analyzesignificancewelookedataveragepercentage
of expertinitiative persessiorratherthanpercorpus.For the
didacticdialogues this averageis 82% andfor the Socratic
dialoguest is 90%, a significantdifference(t = 2.26,df=18,
p < 0.05two-tailed).
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of tutor utteranceshatwerequestiors andlearn-
ing gain(Pearsorsr = 0.46,n = 23,p < 0.05).

In sectionl, we discussedhe work of Walker
andWhittaker (1990)on investigatingnitiative in
the genresof advisorydialogues(ADs) andtask
orienteddialogueqTODs). Walker andWhittaker
alsoinvestigatedhe differencebetweenTODsin
a spolen (telephone)modality anda typed (com-
puterchat)modality Theresultsof their studyare
shavn in columns3-6 of Table 1 andthe corre-
spondingmeasure$rom our studyarein columns
1 and2. The Socraticdialogueshave almostthe
sameaverageexpert initiative as TODs. In the
TODs, the expert would issuea seriesof com-
mandsin orderto getthenovice to performa pro-
cedure. In the Socraticdialogues,the tutor was
issuinga seriesof questionsn orderto getthestu-
dentto work througha line of reasoningo a cor-
rectanswer

Thesecondow of thetableshawvs averageper
centageof initiative changesthat were abdica-
tions. Abdicationsarethe useof promptsto give
away initiative; theseoften occur after interrup-

tions to signalthe original speakr to continue.
Walker and Whittaker noted that spolen TODs
hadthe mostabdicationdout typed TODs hadthe
least; modality hasanimpacton how initiative is
managed.

In the didacticand Socraticdialogues(both of
which are typed) shavn in columns1 and 2, we
seethatabdicationsarerarely used.A numberof
reasonsare possible. In the typed TODs, com-
munication consistedof two simultaneouslyup-
dated channels. In the tutoring dialogues,par
ticipantswould sendeachother short messages.
This modality typedtext andrestrictedturn tak-
ing might have reducedthe numberof abdica-
tions. Anotherpossiblefactoris that studentan
this studywererelatively passie; the tutor could
not rely on themto take initiative if sheuttered
a prompt. Thetutor’s initiative managemenalso
playedarole. In our dialogues after the student
took initiative, the tutor would addressthe stu-
dents turn andthenoften take backinitiative not
giving the studenta chanceo uttera prompt.

4 Discussion

One interpretationof this datais that the defini-
tion of initiative wastoo crudeand with a more
precisedefinition,theresultswould shaov thatstu-
dentshadmoreinitiative in the Socraticdialogues
thanin the didacticdialogues.However, it would
not involve simply changingthreeor four border
line examples A large numberof exampleswould
have to changesuchthattherewasno longersig-
nificantly morestudeninitiative in thedidacticdi-
aloguesandinsteadsignificantlymorestudenini-
tiative in the Socraticdialogues.

A morelikely interpretatioris thatwhenthetu-
tor was employing the Socratictutoring stratey,
she did often take initiative (control of the dia-
logue)throughconstantjuestioningpf thestudent.
However, asshavn by the interactvity statistics,
studentsproduceda higher percentageof words
in the Socraticdialoguesthanin the didactic di-
alogues,and the percentageof wordsin the di-
alogueutteredby the studentroughly correlated
with learning.Giventhis correlation we hypothe-

SWalker and Whittaker defineinterruptionsastaking the

initiative without invitation. It doesnot referto interrupting
theutteranceof the otherspealer.



| Didactic | Socratic| AD Finance| AD Software | TOD Phone| TOD Key

79%
2.32%

90%
0.43%

60%
38%

Expert-Initiatve
Abdication

91%

51%
28%

91%
38%

45%

Expert-Initiatve - % of total turnswith expertinitiative
Abdication- % of initiative shiftsthatareabdications

Tablel: Initiati ve Measuresfor six Corpora

sizethatstudenianguageproductionis anindica-
tion of studentkknowledgeconstruction.

In futurework, we seetwo waysof moreclosely
measuringknowledgeconstruction.Thefirstis to
use a questiontaxonomysuch as (Graesseland
Person,1994) to identify deeptutor and student
questions(JordanandSiler, 2002)suggestgoing
furtherandclassifyingstudentanswers Although
a tutor may ask a shallav question,the student
may give moreinformationthanrequestedcting
asif adeepquestiorhadbeenasled.

We plan to explore a secondroute basedon
discoursestructure,in particularwhena question
hasbeendropped(i.e., it hasbeenanswerecdor
rectly or abandoned).Our hypothesisis that in
successfutlialogueqoneswherestudentdearned
the most), tutors do not drop questionsuntil stu-
dentscorrectlyanswerthemmeaningthatthe av-
eragediscoursesggmentfor a questionis longer
andmay containmorenestedsegments.

5 Conclusions

In our corpusanalysiswe foundthatinitiative did
not correlatewith studentlearningandthus may
not reflectactvities suchas problemsolving and
deepreasoninghatleadto learning. Chu-Carroll
andBrown (1998)identifiedthe possibility thata
speakr might have (dialogue)initiative but notbe
adwancingthe problemsolving processThey cre-
ateda measurealledtaskinitiative to trackwhois
currentlytaking the leadin problemsolving. For
this measureo be usefulin the tutoring domain,
it will have to reflectstudentkknowledgeconstruc-
tion aswell asproblemsolving participation.Our
corpusanalysissuggestghat studentsmay have
such“learning” initiative without having dialogue
initiative. We mustfurtherinvestigatethis hypoth-
esisin orderto predictbetterthe succes®f tutor
ing dialogues.

Our currentresults suggestthat tutoring sys-

temsthatencouragstudentslanguageroduction
will be mostsuccessfulandthata Socratictutor
ing style is betterat promotingstudentlanguage
productionthan didactic tutoring. Theseresults
may be good news for systembuilders; one pos-
sible Socraticteachingstratgy would be to ask
sequencesf targetedquestionsvherestrongex-
pectationsaboutplausibleansweramale it easier
to interpretstudentnput.

However, we mustbe mindful of the factthat,
even in Socraticinteraction, studentssometimes
do take initiative ratherthansimply answeringhe
sequencef questiongposedoy thetutor. It is not
the casethathumantutorssimply brushoff all stu-
dentinitiatives. And (Chi etal., 2001)shaws that
it is crucial that tutors do not plough aheadwith
theirown plans,ignoring students'signsof confu-
sion. In futurework, we will investigateahefactors
influencingthe tutor’s decisionaboutwhetherto
entertaina studentinitiative, andinvestigatehow
theseactionsaresignaledinguistically.

Acknowledgments

The researclpresentedn this paperis supported
by Grant# N00014-91-J-1694rom the Office of
Naval ResearchCognitve and Neural Sciences
Division. Thanksto JeanCarlettaandour review-
ersfor theircommenton this work.

References

JeanCarletta. 1996. Assessingagreemenbn classi-
fication tasks: the Kappastatistic. Computational
Linguistics, 22(2):249-254.

MicheleneT. H. Chi, Miriam Bassok, Matthev W.
Lewis, PeterReimann,and RobertGlaser 1989.
Self-explanations:How studentsstudy anduseex-
amplesn learningto solve problems.Cognitive ci-
ence, 13(2):145-182.

MicheleneT. H. Chi, Nicholasde Leeuw, Mei-Hung
Chiu, and Christian Lavancher 1994. Eliciting



self-explanationsimproves understanding. Cogni-
tive Science, 18(3):439-477.

Michelene T. H. Chi, StephanieA. Siler, Heisavn

JeongTakashivamauchiandRobertG. Hausmann.

2001. Learningfrom humantutoring. Cognitive
Science, 25:471-533.

JenniferChu-CarrollandMichaelK. Brown. 1998. An
evidentialmodelfor trackinginitiative in collabora-
tivedialogueinteractions.User Modeling and User-
Adapted Interaction, 8:215-253.

Jennifer Chu-Carroll and Jill S. Nickerson. 2000.
Evaluating automaticdialogue strateyy adaptation
for a spoken dialoguesystem. In Proc. of the 1°¢
Annual Meeting of the North American Chapter of
the ACL, Seatle, pages202—-209.

Mark G. Core, JohannaD. Moore, and Claus Zinn.
2002. Initiative in tutorial dialogue. In Proc. of the
ITS 02 Workshop on Empirical Methods for Tutorial
Dialogue Systems.

Christine Doran, John Aberdeen,Laurie Damianos,
andLynetteHirschman. 2001. Comparingseveral
aspect®of human-computeandhuman-humamlia-
logues.In 2nd S Gdial Workshop on Discourse and
Dialogue, Aalborg, Denmark.

BarbaraA. Fox. 1993. The Human Tutorial Dialogue
Project: Issues in the design of instructional sys-
tems. LawrenceErlbaumAssociatesHillsdale,NJ.

Arthur C. GraesseandNatalieK. Person.1994. Ques-
tion askingduring tutoring. American Educational
Research Journal, 31(1):104-137.

Arthur C. GraesserNatalieK. Person,and JosephP.
Magliano. 1995. Collaboratve dialoguepatternsn
naturalisticone-to-onetutoring. Applied Cognitive
Psychology, 9:495-522.

BarbaraJ. Groszand Candacd.. Sidner 1986. At-
tention, intensions,and the structureof discourse.
Computational Linguistics, 12(3):175—-204.

Curry I. Guinn. 1996. An analysisof initiative se-
lectionin collaboratie task-orienteddiscourse. In
Proc. of the 34" Annual Meeting of the Association
for Computational Linguistics, pages278-285.

PamelaW. Jordanand BarbaraDi Eugenio. 1997.
Controlandinitiative in collaboratve problemsolv-
ing dialogues.In AAAI 1997 Soring Symposium on
Computational Models for Mixed Initiative Interac-
tions, Stanford,CA.

PamelaW. Jordanand StephanieSiler. 2002. Control
andinitiative in computermediatechumantutoring
dialogues.In Proc. of the ITS 02 Workshop on Em-
pirical Methods for Tutorial Dialogue Systems.

Klaus Krippendorf. 1980. Content Analysis: An In-
troduction to Its Methodology. SagePublications,
Beverly Hills, CA.

Per Linell, Lennart Gustassson, and Paivi Juvonen.
1988. Interactionaldominancen dyadiccommuni-
cation:apresentationf initiative-responsanalysis.
Linguistics, 26:415-442.

DouglasC. Merrill, Brian J. Reiser and S. Landes.
1992a. Humantutoring: Pedagogicastratgiesand
learning outcomes. Paper presentedat the annual
meetingof the AmericanEducationaResearctAs-
sociation.

DouglasC. Merrill, Brian J. Reiser Michael Ranng,
andJ. Greggory Trafton. 1992h Effective tutoring
techniquesComparisorof humantutorsandintelli-
genttutoring systems.Journal of the Learning Sci-
ences, 2(3):277-305.

Allen Munro. 1994. Authoring interactive graphical
models.In T. de Jong,D. M. Towne,andH. Spada,
editors, The Use of Computer Models for Explica-
tion, Analysis and Experimental Learning. Springer

Carolyn P. Ro%, JohannaD. Moore, Kurt VanLehn,
andDavid Allbritton. 2000. A comparatie evalu-
ation of socraticversusdidactictutoring. Technical
ReportLRDC-BEE-1,Universityof Pittsturgh.

FarhanaShah. 1997. Recognizing and Responding
to Student Plans in an Intelligent Tutoring System:
CIRCIM-Tutor. Ph.D.thesis,lllinois Institute of
Technology

JohnM. SinclairandR. Malcolm Coulthard.1975. To-
wards an Analysis of Discourse: The English used
by teachers and pupils. Oxford University Press.

Susark. StrayerandPeterA. Heeman.2001. Recon-
ciling initiative anddiscoursestructure.ln 2nd S G-
dial Workshop on Discourse and Dialogue, Aalborg,
Denmark, September

Kurt VanLehn, StephanieSiler, CharlesMurray, and
William B. Baggett. 1998. What makesa tutorial
eventeffective? In M. A. GernsbacheandS. Derry,
editors,Proc. of the Twentieth Annual Conference of
the Cognitive Science Society. Erlbaum.

Marilyn A. Walker and Steve Whittaker. 1990. Mixed
initiative in dialogue: An investigationinto dis-
coursesgmentation. In Proc. of the 28" Annual
Meeting of the Association for Computational Lin-
guistics, pagesr0-78.

Steve Whittaker and Phil Stenton. 1988. Cuesand
control in expert-clientdialogues. In Proc. of the
26" Annual Meeting of the Association for Compu-
tational Linguistics, pagesl23-130.



