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Abstract. Interactive dramais increasinglybeing usedas a pedagogicaltool in
a wide variety of computer-basedlearningenvironments.However, the effort re-
quiredto build interactive dramasis quitesigni�cant. We built Thespian,anarchi-
tecturethatsupportsfasterdevelopmentof IPDs,open-endedinteraction,encoding
of pedagogicalgoalsandquantitative metricsfor evaluatingthosegoals.Thespian
usesautonomousagentsto control eachcharacterand assumesthat the starting
point for thedesignprocessis asetof standardscripts.A “�tting” algorithmfacil-
itatesthedesignprocessby automaticallyadjustingthegoalsof theagentssothat
theagentsperformtheir rolesaccordingto thescripts.Thisalsoensurestheagents
will behave true to their character's motivationseven whenthe interactive drama
deviatesfrom thescripts.In thispaper, wediscussthisbasicapproachin detailand
illustrateits applicationto theTacticalLanguageTrainingSystem.
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1. Intr oduction

Interactive dramais increasinglybeingusedasa pedagogicaltool in a wide variety of
computer-basedlearningenvironments(e.g., [6,7,9,10]). In an interactive pedagogical
drama(IPD), the learnerinteractswith the charactersin a story and the story unfolds
basedon thoseinteractions.Ideally, an IPD combinesthe pedagogicalpower of drama
with a moreactive learningexperiencethatallows learnersto explorea simulatedstory
world andseethe effect of their actions.The engagingnatureof dramaandthe direct
link betweenactionsand outcomesideally engagesstudentsmore,motivatesthem to
spendmoretime learning(e.g.,to explorepossiblepathsin thestory),andappropriately
contextualizestheexperience.

However, thecreationof interactivepedagogicaldramafacesseveralchallenges.Up
to now, the effort requiredto designand build interactive dramasis quite signi�cant
[4,8], potentiallyrequiringman-yearsof designandimplementation.Further, effective
designfor relatively open-endeduserinteractivity is still an openresearchissue.And
there is often a tensionbetweenthe goal of interactivity and the goal of creatingan
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engagingdramawith consistent,well-motivatedcharacters.Satisfyingboth goalscan
bea signi�cant technologicalandcreative challenge.For example,writersoftendo not
have expertisein designinginteractive stories,which is still largely a nascentart form.
Morefundamentally, in aninteractivepedagogicaldrama,pedagogicalgoalsmustalsobe
achieved.This raisesthequestionof how thepedagogyis embeddedin theenvironment,
how theexperienceof playingthegameleadsto desiredlearningoutcomesandwhatthe
metricsarethatdeterminewhetherpedagogicalgoalshavebeenachieved.

We have developedan approachthat speedsup thedevelopmentof IPDs,supports
open-endedinteraction,achievespedagogicalanddramaticgoalsandsupportsquantita-
tive metricsfor evaluatingthe learner's achievement.We call our systemThespian,due
to its actor-centric approachto realizing IPDs. Thespian's basicarchitectureusesau-
tonomoussoftwareagentsto controleachcharacter, with thecharacter'spersonalityand
motivationsencodedasagentgoals.The ability of goal-drivenagentsto autonomously
selectactionsbasedon the currentstateof the world allows themto be responsive to
open-endeduserinteractions,while stayingconsistentwith their “personality”.We en-
surethat the learner's experiencein the dramais consistentwith pedagogicalgoalsby
embeddingthem in the drama;the world andcharactersin the world behave in ways
thatreinforcethelessonsthattheIPD is trying to teach.We canthende�ne quantitative
metricson theachievementof pedagogicalgoalsin termsof whathappensin thestory.

Thespianassumesthat thestartingpoint for the designprocessis a standardscript
or story outline, with possiblevariations,producedby a writer. This approachis typi-
cally used(e.g.,[4]) becauseit providesa goodbaselinefor creatinganexperiencethat
cansatisfydramaticandpedagogicalgoals.Theproblemis thatgoingfrom suchlinear
scriptmaterialto an interactive agent-basedsystemis anarduous,time-consumingpro-
cessrequiringextensive softwareskills. We signi�cantly facilitatetheprocessby using
anautomated“�tting” algorithm[?] thatadjustsagents'goalssothatthey aremotivated
to performtheir rolesaccordingto thescripts.This ensuresthattheagents'autonomous
behavior canfollow thescriptwhenthelearner'sbehavior is consistentwith it, but is still
trueto their character'smotivationsevenwhenthedramadeviatesfrom thescript.

In this paper, we discussthis basicapproachin detail.We alsoillustrateits applica-
tion to theTacticalLanguageTrainingSystem(TLTS) [5] for rapidly teachingstudents
therudimentsof a foreignlanguageandculture.

2. ExampleDomain: Tactical LanguageTraining System

TLTS is comprisedof two main componentsthat mutually reinforcethe learningex-
perience:a Mission Skill Builder (MSB), anda Mission PracticeEnvironment(MPE).
We will limit our discussionhere to the MPE, a 3D role-playing interactive drama
for learnersto practiceusing their languageskills. In the drama,the learnertakes on
the role of an army sergeantassignedto conducta civil affairs mission in a foreign
town. The learnernavigatesin the virtual world and interactswith virtual characters
using spoken Arabic and gestures.The MPE containsseveral training scenes,each
requiring the learnerto carry out speci�c taskswithin the interactive drama.We fo-
cus on the �rst sceneto illustrate our approachto building an IPD. The story begins
in a village café. The learner's mission is to establishrapport with the local people
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and �nd out information about their
leader. Thelearnerentersthecaféandin-
teractswith several of the locals,includ-
ing anold manandayoungman.Thedif-
�culty of themissionvariesaccordingto
the learner's languageskills. In the easy
level, bothof the localsarerelatively co-
operative, while in the expert level, the
youngmanworriesmoreaboutthesafety
of the town than being helpful. He may
accusethelearnerof beingaCIA agentif
he fails to establishtrust. If, on the otherhand,the learnershows goodmannerswhile
talking to the locals,the old manwill provide his businesscard.Successis judgedby
whetherthelearnerreceivesthenecessaryinformationandtheold man'scard.

3. Desideratafor IPDs

Thedesignof aninteractivepedagogicaldramamustaddressseveralrequirements.Fore-
most, the charactersshouldbe well-motivated.They shouldbehave accordingto the
scriptswhenthelearner'sbehavior is consistentwith it. Additionally, whentherearede-
viationsfrom thescripts,thecharactersshouldbehaveconsistentlywith themotivations
impliedby their on-scriptbehavior.

Charactersmust also supportand maintain the interactionwith the learner. Any
dialog-basedinteractive dramamustsupportsocial interactionin the form of a dialog
with thelearner. In practice,thismeansthatcharactersshouldfollow socialnorms,unless
they aremotivatedto violate them.By following norms,thecharactersbecomereliable
andprovideanincentive to interactwith them.

Most critically, an IPD needsto encodethe pedagogy. Theremust be someway
for the learnerto interactwith the systemandlearnon the basisof that interaction.In
particular, a systemthathasanexplicit awarenessof its own pedagogicalgoalsis better
equippedto work towardthemin thefaceof unexpectedinteractionswith thelearner.

Of course,thecharactersmayhave con�icts amongtheir goals;in fact,they should
have con�icts if they are to be interestingcharacters.For example,a charactercanbe
motivatedto answerwhenthe learnerasksa question,but alsomay be motivatedby a
goal to maintainits safety. In the MPE, for example,if they think that answeringputs
themat risk (perhapsdueto distrustof thelearner),thenthey havea goalcon�ict. Thus,
theremustbe somemechanismfor the characterto resolve suchcon�icts. In addition,
from thedramadesigner'sperspective, thedesignprocessshouldbeasfreeof technical
burdensaspossibleandideally supportreuseof previouslydevelopedmaterials.

4. Thespian

We developedThespianasa multiagentsystemfor controlling virtual charactersin an
IPD. Thespianbuildson topof PsychSim,amulti-agentsystem[?] thatcontrolthechar-
acters.PsychSimprovides a framework for goal-driven, social behavior that forms a
soundbasisfor meetingtherequirementsof IPDsthatwe discussedin Section3:
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� PsychSimagentsgeneratetheirbehavior throughaboundedplanningprocessthat
seeksto achievetheirgoals.Thus,theagentswill chooseonly thosebehaviorsthat
areconsistentwith their characterpro�les.

� PsychSimagentshavea “Theoryof Mind” thatallows themto form mentalmod-
elsaboutotherentitiesin theIPD, includingthelearner. Thus,we canpotentially
encodepedagogicalgoalsasdesiredconditionsonourmodelof thestudent.

� Thesementalmodelsalsoallow aPsychSimagentto reasonabouttheeffectsof its
behavior on its relationshipswith otherentities.This socialreasoningcapability
canencodethesocialnormsthatsupportandmaintaininteractionswith theuser.

� PsychSimprovidesalgorithmsfor tuningmodelparametersin responseto thede-
siredagentbehavior. Wecanapplysuchalgorithmsto simplify theauthoringpro-
cessby ensuringthatcharactersbehaveaccordingto thescriptwhenthelearner's
behavior is consistentwith it.

Thissectiondescribeshow webuilt Thespianon topof thesebasiccapabilities.

4.1. Goal-DrivenBehavior

PsychSimrepresentsgoalsasdegreesof achievementwith regardto certainstatefea-
tures(physicalfeatures,relationships,knowledge,etc.).The agentsmake decisionson
what actionto performor what to saybasedon their beliefson the possibleeffectsof
suchdecisions.Actions changethe physicalworld in some�x ed (possiblyuncertain)
way. Sayingsomethingto anotheragentchangesthe beliefs of that agentand of any
otheragentthat may overhear. The agentsproject into the future to evaluatethe effect
of eachoption on thestateandbeliefsof theotherentitiesin the IPD. Theagentscon-
sidernot just the immediateeffect, but alsotheexpectedresponsesof theotherentities
and,in turn, the effectsof thoseresponses.The agentevaluatesthe overall effect with
respectto its goalsandthenchoosestheactionthathasthehighestexpectedvalue.From
adecision-theoreticviewpoint,wecanview thisdecisionprocedureasaboundedlyratio-
nalvariationon thestandardsolutionof apartially observableMarkov decisionproblem
(POMDP)[12]. Thus,everyactionchosenby anagentis motivatedby its goals,although
irrationalbehavior maystill arisedueto erroneousbeliefs.

We usePsychSim'sbasicgoalrepresentationto encodethemany possiblegoalsthat
our Thespianagentsmayhave.We draw from a goal taxonomyfrom thepsychological
literature[3]. Many of thesegoalswill con�ict with eachotherin everydaysituations.
The standard“achievement”goalsof logical representationsareinsuf�cient to resolve
suchcon�icts becauseof the ambiguity that arises.PsychSim's decision-theoreticrep-
resentationallows Thespianto modeldifferentcharacterpro�les by varyinganexplicit
relativepriority amongthesetof possiblegoals.Thus,Thespianmodelsacharacterpro-
�le asits variousgoalsandtheir relative importance(weight).For example,in theMPE,
theold manhasgoalsof maximizingits safetylevel andmaximizingthe level of being
likable,with thelatterbeingweightedasmoreimportant.Varyingtheserelativeweights
leadsto changesin the agent's behavior, giving us a wide rangeof possiblecharacters
thatwill all still actin a consistentfashionwith respectto their individualgoals.
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4.2. Pedagogical Goals

In additionto goalsthat representthecharacterpro�le, our goal representationcanen-
codethedegreeto which thepedagogyhasbeensuccessful.We currentlyenvision three
approachesto encodinglearninggoalsinto Thespian.

First, learninggoalscanbe embeddedin the world's dynamicsandthe characters'
goals.For example,oneof thepedagogicalgoalsin theMPEis for thestudentto learnto
establisharelationshipwith thelocalpeople,in particularthatthey trusthim/her. Wecan
encodethispedagogicalgoalinto thedynamicsby ensuringthatfailureto establishtrust
will haveconsequences.At its mostsevere,distrustcancauseirreparablebreakdownsin
therelationship.Speci�cally, in theMPE, if a studentfails to achieve eventheminimal
requirementfor this trustgoal,theyoungmanwill accusehim of beingaCIA agent,and
all characterswill refuseto talk to him.Suchbreakdownsareoneextreme.Characterscan
alsoactin waysthathelpthestudent.In theMPE, theold manhasthegoalthathetrust
thelearner, thathefeelsafearoundhim, andat timeshedeliberatelybehavesin afashion
thatwould elicit behavior from thestudentthat increasestrust.Speci�cally, theold man
canaskthe studentquestionsaboutthe studentandhis mission,which providesmore
informationandmakestheold manfeel safer. Althoughit is not anexplicit intentionof
thecharacter, its behavior doesassistthelearner.

However, Thespiancanprovidecharacterswith theexplicit intentionthatthestudent
learn.In this approachto encodingthepedagogy, charactershave a goal that thelearner
acquireskills speci�edby thepedagogy. A charactercouldthenuseits mentalmodelof
thelearnerasa studentmodelto measurethedegreeto which thepedagogicalgoalsare
achieved.Thetheoryof mind embeddedwithin Thespianformsa subjectiveview of the
world thatincludesbeliefsaboutthestudents'knowledgeandcapabilitiesbasedon their
behavior. Theold man,for example,couldhave theexplicit goal that thestudentgive a
high goalpriority of establishingtrust.Having encodedsucha goal, theold mancould
now evaluatea possibleactionchoiceusing its mentalmodelof the student's goalsto
assesstheeffecton thestudentand,in turn,on thepedagogicalgoalssoencoded.Again,
becausewe haveprioritieson thegoals,we canchoosehow mucha particularcharacter
is drivenby pedagogicalgoalsfor thelearnerin relationto its own personalgoals.

Finally, a third way to encodethepedagogyis to have a behind-the-scenesdirector
agentthat is directingthedramain pedagogicallyappropriateways.In otherwords,we
couldgo evenfurtherby explicitly encodingthe intentionto teachin theoverall system
throughthis directoragent.TheMPE doesnot employ this techniquecurrentlybut it is
feasiblewithin Thespian.Thesethreeapproachesto encodingpedagogy(in theworld's
dynamics,in the character's intentionsandin the system's intention)provide Thespian
with a rich framework for realizingpedagogicaldrama.

4.3. SocialNorms

While Thespian'sability to encodepedagogicalgoalsgivestheagentsincentive to exer-
cisethepedagogy, we alsomustgive thestudentthesameincentive.Oneof themotiva-
tionsunderlyingIPDsis thatthestudent'sinherentsocialdesirescanprovideanincentive
for following thepedagogyif thecharactersaresociallyinterestingentities.As described
in Section3, charactersthataresensitive to socialnormscanprovidesuchanincentive.

PsychSimprovidesa generalframework for representingstates,actions,andthedy-
namicsof theworld. While suchprobabilisticmodelshave typically beenusedin mod-
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eling physicalsystems,Thespianusesthemto modelsocialdynamicsaswell. We con-
structedThespian'smodelof socialdynamicsby �rst identifyingcritical socialvariables.
We havebegunby encodingthetrustandliking relationshipsthatexist betweenentities.
We thende�ned domain-independentdynamicsfor thesesocialvariables(e.g.,increase
your liking of anotheragentif it doessomethingthathelpsachieve your goals).Giving
anagentgoalson thesesocialvariableswill give it incentive to be likedandtrustedby
thestudent.Wearecurrentlyapplyingthissamemethodologyto expandoursetof social
variablesto includeotherkey features(e.g.,af�nity , freedom).

In additionto thesemorepersistentrelationshipvariables,Thespianalsousessocial
variablesto representmoretemporaryobligationsthatmayexist betweenagents.In gen-
eral,actionsby oneagentcanimposea typeof obligationon another, anda certainset
of respondingactionswill satisfytheobligationto somedegree.We currentlyusethese
obligationsto encodeabroadsetof socialnormsaspairsof initiating andrespondingac-
tions:greetingandgreetingback,introducingoneselfandintroducingoneselfback,con-
veying informationandacknowledging,inquiring and informing, thankingandsaying
you arewelcome,offering andaccepting/rejecting,requestingandaccepting/rejecting,
etc.For example,Thespian'sdynamicsfor “inquiry” specifythatoneof its effectsis the
establishmentof anobligationon thepartof theinquireeto satisfytheenquirer(e.g.,by
providing theneededinformation).

By giving theagentsgoalsto satisfyany suchoutstandingobligations,wegive them
anincentive to follow theencodedsocialnorms.In somecases,theagentsmayalready
have an incentive from relationshipgoalsin addition to the obligationalones.For ex-
ample,anagentproviding informationin responseto an inquiry will behelpingtheen-
quirer achieve its goals,leadingto a strongerliking relationship.Alternatively, social
normgoalsmaycon�ict with theagent's othergoals,leadingto possibleviolations.For
example,anagentmaydecidenot to satisfyaninquiry obligation,becauserevealingthe
requestedinformationmay reveal vulnerabilities,threateningthe securityof the agent.
Therelativeprioritiesamongall of thesegoalsre�ect thevaluethatthecharacterplaces
on the correspondingsocial norms.Thesevaluesareoften culturally speci�c andcan
alsovaryaccordingto its personality. However, althoughwevary therelativeweightson
the normsfrom characterto character, the underlyingmechanismfor representingand
maintainingnormsandobligationsdoesnotchange,sowecanreuseit acrossmany IPDs.

4.4. Authoring

We have shown how Thespianencodespersonalities,pedagogicalgoals,andsocialbe-
haviors asgoalsthat candrive autonomousagentbehavior. Becauseof this autonomy,
theauthorof theIPD no longerhasto specifyall of thepossiblebehaviorsof thecharac-
ter. However, thecharacter's behavior now dependson thegoalprioritieschosenby the
author, sowe simply replacedthepreviousauthoringtaskwith a new one.Furthermore,
theprocessof tuningsuchquantitative parametersis typically lessnaturalto theauthor
thanwriting a script.

Fortunately, PsychSimprovidesanalgorithmfor automaticallychoosingthesegoal
priorities basedon a few instancesof desiredbehavior [11]. Thespianusesthis algo-
rithm to take partial scripts,providedby theauthor, andautomaticallytunetherelative
goal weightsamongthe personal,pedagogical,andsocialgoalsof the character. Once
Thespianhas�t the character's goalsto this input, the characterwill always generate
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Speaker Addr essee Utterance

Student Old man minumas'uulb-hel-manTaqa?
Who is themostimportantof�cial in this town?

Youngman Old man 9alakeefak!
Slow down!

Youngman Student u hiyyeminu?
Who is she?(referringto aide)

Old man Student (silence)

Figure1. Excerptfrom Scene1 dialog.

autonomousbehavior thatis consistentwith thegivenscripts,whenapplicable.Further-
more,whenthelearner'sinteractionsleadthemoff thescripts,theagentwill still actcon-
sistentlywith its goals.In otherwords,the �tting processextrapolatesfrom the partial
scriptsto anexhaustivespeci�cationof consistentbehavior over all situations.It is asif
wewere“teaching”theagentthemotivationsof its character, asopposedto having them
simplymemorizethescripts.

Thespianreducesauthoringeffort in two ways.First, Thespian's authoringprocess
alleviatestheburdenonauthorsby not requiringthemto write all possiblepathsthrough
thestory, while still allowing amorenaturalprocessthanrequiredby hand-tuningparam-
eters.Second,Thespiansupportsthe easyreuseof charactersandenvironmentsacross
IPDs.Thespiancanseparatethemodelsof charactersfrom thoseof theenvironmentthey
arein. Reuseof codeis animportantfeatureof Thespian.Dynamicsfunctionsdesigned
for oneIPD environmentcanbereusedin anotherfor any overlappingstatefeaturesand
actions.And after �tting, an agentbecomesa characterwith certainsetof goals.This
charactercanbeeasilypluggedinto otherstoriesto playasimilar role.Furthermore,be-
causeall characters'goalsdraw from thesamegoalhierarchy, wecaneasilyquantifythe
similarity betweentwo roles.

5. Resultsand Curr ent Status

Figure1 providesanexcerptof actualdialogamongthe (human)student,thestudent's
aideandtwo localsfrom sceneone.NoteFigure1 showsthesurfacelanguageform, but
this form is mappedby the speechrecognizerto an internalspeechact representation
that the agentscanreasonabout.Prior to this excerpt,the studenthasonly introduced
his name,but hasnot introducedtheaideor detailsabouttheir mission.The impactof
having failedto makea properintroductionis thathehasnotbuilt trustwith thelocals.

In the �rst line of Figure1, thestudentaskstheold mana sensitive question.How-
ever, theyoungmanthenseizesthedialogturn becauseheperceivesa potentialsecurity
threatby someonehedoesnot trust.Throughhis mentalmodelof theold manandhis
lookaheadreasoning,theyoungmancanforeseethatif hedoesnotstoptheold man,the
old manwould give theanswerto thestudent,which would hurt his own goalof safety.
If heinsteadasksthestudentaquestion,hecannotonly stoptheold manfrom giving the
answer, but alsogainsafetyby gettingmoreinformationfrom thestudent.Thisreasoning
leadsthe youngmanto tell the old mannot to answerthe question(secondline from
Figure1) andto askwho theaideis (third line from Figure1). Theyoungmanhasboth
thegoalof increasingsafetyandfollowing socialnorms.Accordingto thelattergoal,he
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shouldkeepquiet,becausethestudentis askingtheold mana question.Theyoungman
valuessafetymorethanfollowing socialnorms;therefore,in this case,hewill pick the
actionthat increaseshis safetylevel, even if it violatessocialnorms.For the old man,
following socialnormsis themostimportantgoal.Hehastwo obligations.Thestudent's
questionto him imposesanobligationfor answeringit. Theyoungman'squestionto the
studentimposesanobligationfor theold manto keepquiet(i.e.,wait for themto �nish
their conversation).The more recentobligationreceiveshigherpriority. Therefore,he
choosesto keepsilent.

This rathercomplex exchangewasachievedby theautomated�tting process.Fitting
adjustedthecharacters'goalweights(of safetyandfollowing socialnorms)to achieve
thebehaviorsexhibitedin this example.

Currently the MPE hasthreescenes.Thesesceneshave asmany assix characters
plusthestudent's character. All threescenesareconstructedby usingautomated�tting.
TheTLTSsystemhassofarundergonesix discretestagesof formativeevaluationduring
thedevelopmentprocess.We got variousfeedbackover time [2] abouttheeffectiveness
of usingtheMPE for languagetraining,andmostof it is positive. SinceApril, 2004to
January, 2005,we have gonethroughthreeroundsof testingwith a total of 30 subjects.
Sofar, theoverallevaluationof theMPEis thatit is successfulin providing anengaging
environment,andis aneffectiveassessmenttool [1,2]. Beginningin March,2005of this
year, we will haveanotherroundof testingwith at least100subjects.

6. Conclusion

Thepromiseof interactivepedagogicaldramahasoftenbeenthwartedby thearduousde-
signandprogrammingtasksfacingthecreatorsof suchsystems.Thespianfacilitatesthe
designprocessof agent-basedIPDsin severalways.It enlistsautomationin thecharac-
tercon�gurationprocessto simplify authoring.It alsoprovidesmultiplewaysto support
pedagogicalgoals.Additionally, Thespianprovidesa methodologyfor modelingsocial
dynamicswithin adecision-theoreticframework.

Thespiansimpli�es the authoringprocessin several ways. Agentsare motivated
solely by their goalsand their goalsare automatically�tted so that they perform ac-
cording to the scripts.Becausetheir behavior is driven by their goalsandnot simply
scripted,theagentsrespondto unexpecteduserinteractionin waysconsistentwith their
motivations.If they do not, the misbehavior canalsobe fed into the �tting process.In
theMPE,wehavedemonstratedhow to embedpedagogicalgoalsin thedynamicsof the
storyworld andhave discussedadditionalapproaches.We believe thesetechniquescan
beappliedto otherIPDsaswell.

Goingforward,thevisionof Thespianwouldbefor non-technicaldesignersto author
dramason their own. Therearestill stepsin theprocessthatareimpedimentsto sucha
vision, includingtranslatingscripteddialoginto theformal speechact languagethatthe
agentsunderstand.We planonaddressingsuchimpedimentsin our futurework.
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