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Abstract. Interactve dramais increasinglybeing usedas a pedagogicatool in
a wide variety of computesbasedlearningervironments.However, the effort re-
quiredto build interactve dramasgs quite signi cant. We built Thespiananarchi-
tecturethatsupportsasterdevelopmentf IPDs,open-endethteraction.encoding
of pedagogicafoalsandquantitatve metricsfor evaluatingthosegoals.Thespian
usesautonomousagentsto control eachcharacterand assumeshat the starting
pointfor the designprocesss a setof standardscripts.A “ tting” algorithmfacil-
itatesthe designprocessy automaticallyadjustingthe goalsof the agentsso that
theagentgerformtheir rolesaccordingto the scripts.This alsoensureshe agents
will behae trueto their charactes motivationseven whenthe interactve drama
deviatesfrom thescripts.In this paper we discusshis basicapproactin detailand
illustrateits applicationto the TacticalLanguageTraining System.

Keywords. pedagogicahgents,authoringtools and assessment®ols, language
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1. Intr oduction

Interactive dramais increasinglybeingusedas a pedagogicatool in a wide variety of
computerbasedearningervironments(e.g.,[6,7,9,10]). In aninteractve pedagogical
drama(IPD), the learnerinteractswith the charactersn a story and the story unfolds
basedon thoseinteractionsldeally, an IPD combinesthe pedagogicapower of drama
with a moreactive learningexperiencethatallows learnerso explore a simulatedstory
world andseethe effect of their actions.The engagingnatureof dramaandthe direct
link betweenactionsand outcomesideally engagestudentsmore, motivatesthemto
spendmoretime learning(e.g.,to explore possiblepathsin the story),andappropriately
contetualizesthe experience.

However, the creationof interactive pedagogicatiramafacessereralchallengesUp
to now, the effort requiredto designand build interactive dramasis quite signi cant
[4,8], potentially requiringman-yearsof designandimplementationFurther effective
designfor relatively open-endediserinteractiity is still an openresearctissue.And
thereis often a tensionbetweenthe goal of interactivity and the goal of creatingan
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engagingdramawith consistentwell-motivated charactersSatisfyingboth goalscan
be a signi cant technologicabndcreatie challenge For example,writers often do not
have expertisein designinginteracte stories,which is still largely a nascentart form.
More fundamentallyin aninteractve pedagogicallramapedagogicayjoalsmustalsobe
achieved. Thisraisesthe questionof how thepedagogys embeddedh theervironment,
how theexperienceof playingthe gameleadsto desiredearningoutcomesandwhatthe
metricsarethatdeterminevhethempedagogicatjoalshave beenachieved.

We have developedan approachthat speedsip the developmentof IPDs, supports
open-endedhteraction,achievespedagogicahnddramaticgoalsandsupportsquantita-
tive metricsfor evaluatingthe learners achiesement.We call our systemThespiandue
to its actorcentric approachto realizing IPDs. Thespian$ basicarchitectureusesau-
tonomoussoftwareagentgo controleachcharacterwith the characters personalityand
motivationsencodedasagentgoals.The ability of goal-drivenagentsto autonomously
selectactionsbasedon the currentstateof the world allows themto be responste to
open-endediserinteractionswhile stayingconsistenwith their “personality”. We en-
surethatthe learners experiencein the dramais consistentwith pedagogicafoalsby
embeddinghemin the drama;the world and charactersn the world behae in ways
thatreinforcethe lessonghatthe IPD is trying to teach.We canthende ne quantitatve
metricson the achierementof pedagogicatjoalsin termsof whathappensn thestory.

Thespianassumeghat the startingpoint for the designprocesss a standardscript
or story outline, with possiblevariations,producedby a writer. This approachs typi-
cally used(e.g.,[4]) becausét providesa goodbaselinefor creatingan experiencethat
cansatisfydramaticandpedagogicafioals.The problemis thatgoing from suchlinear
scriptmaterialto aninteractve agent-basedystemis anarduoustime-consumingro-
cessrequiringextensve software skills. We signi cantly facilitatethe processy using
anautomated tting” algorithm[?] thatadjustsagents'goalssothatthey aremotivated
to performtheir rolesaccordingto the scripts.This ensureghatthe agents'autonomous
behaior canfollow thescriptwhenthelearners behavior is consistentvith it, butis still
trueto their charactes motivationsevenwhenthe dramadeviatesfrom the script.

In this paper we discusshis basicapproactin detail. We alsoillustrateits applica-
tion to the TacticalLanguageTraining System(TLTS) [5] for rapidly teachingstudents
therudimentsof aforeignlanguageandculture.

2. Example Domain: Tactical LanguageTraining System

TLTS is comprisedof two main componentghat mutually reinforce the learning ex-
perience:a Mission Skill Builder (MSB), anda Mission PracticeErnvironment(MPE).
We will limit our discussionhere to the MPE, a 3D role-playing interactve drama
for learnersto practiceusing their languageskills. In the drama,the learnertakes on
the role of an army segeantassignedo conducta civil affairs missionin a foreign
town. The learnernavigatesin the virtual world and interactswith virtual characters
using spolen Arabic and gestures.The MPE containsseveral training scenes,each
requiring the learnerto carry out speci ¢ taskswithin the interactive drama.We fo-
cuson the rst sceneto illustrate our approachto building an IPD. The story begins
in a village café. The learners missionis to establishrapportwith the local people
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and nd out information about their
leader Thelearnerenterghe caféandin-

teractswith several of the locals,includ-
ing anold manandayoungman.Thedif-

culty of the missionvariesaccordingto

the learners languageskills. In the easy
level, both of thelocalsarerelatively co-
operatve, while in the expert level, the
youngmanworriesmoreaboutthe safety
of the town than being helpful. He may
accusehelearnerof beinga CIA agentf

he fails to establishtrust. If, on the otherhand,the learnershavs goodmannerswhile
talking to the locals, the old manwill provide his businesscard. Successs judgedby
whetherthelearnemrecevesthe necessarynformationandtheold man's card.

3. Desideratafor IPDs

Thedesignof aninteractive pedagogicatiramamustaddresseveralrequirements-ore-
most, the charactershould be well-motivated. They should behae accordingto the
scriptswhenthelearners behavior is consistenwith it. Additionally, whentherearede-
viationsfrom the scripts,the charactershouldbehae consistentlywith the motivations
implied by their on-scriptbehavior.

Characteranust also supportand maintain the interactionwith the learner Any
dialog-basednteractive dramamust supportsocial interactionin the form of a dialog
with thelearnerIn practice this meanghatcharactershouldfollow socialnorms,unless
they aremotivatedto violate them.By following norms,the characterdbecomereliable
andprovide anincentve to interactwith them.

Most critically, an IPD needsto encodethe pedagogy There must be someway
for the learnerto interactwith the systemandlearnon the basisof thatinteraction.In
particular a systemthathasan explicit awarenes®f its own pedagogicaoalsis better
equippedo work towardthemin the faceof unexpectednteractionswith thelearner

Of coursethe charactersnay have con icts amongtheir goals;in fact, they should
have con icts if they areto be interestingcharactersFor example,a charactercan be
motivatedto answerwhenthe learnerasksa question but alsomay be motivatedby a
goalto maintainits safety In the MPE, for example,if they think thatansweringputs
thematrisk (perhapgueto distrustof thelearner) thenthey have agoalcon ict. Thus,
theremustbe somemechanisnfor the characteito resole suchcon icts. In addition,
from the dramadesigners perspectie, the designprocessshouldbe asfree of technical
burdensaspossibleandideally supportreuseof previously developedmaterials.

4. Thespian

We developedThespianas a multiagentsystemfor controlling virtual charactersn an
IPD. Thespiarbuilds ontop of PsychSima multi-agentsystenm|?] thatcontrolthe char
acters.PsychSimprovides a framework for goal-driven, social behaior that forms a
soundbasisfor meetingtherequirementsf IPDsthatwe discussedn Section3:
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PsychSimagentgyenerateheir behaior througha boundedlanningprocesghat
seekdo achievetheirgoals.Thus,theagentswill chooseonly thosebehaviorsthat
areconsistentvith their charactepro les.

PsychSimagentshave a“Theory of Mind” thatallows themto form mentalmod-
elsaboutotherentitiesin the IPD, includingthelearner Thus,we canpotentially
encodepedagogicafjoalsasdesiredconditionson our modelof the student.
Thesementalmodelsalsoallow aPsychSimagento reasorabouttheeffectsof its
behaior onits relationshipswith otherentities.This socialreasoningcapability
canencodehe socialnormsthatsupportandmaintaininteractionswith theuser
PsychSinprovidesalgorithmsfor tuningmodelparameterin responseo thede-
siredagentbehaior. We canapply suchalgorithmsto simplify theauthoringpro-
cessby ensuringthatcharacterbehae accordingto the scriptwhenthelearners
behaior is consistentvith it.

This sectiondescribehow we built Thespiarontop of thesebasiccapabilities.
4.1. Goal-DrivenBehavior

PsychSimrepresentgoalsas degreesof achiezementwith regardto certainstatefea-
tures(physicalfeaturesrelationshipsknowledge,etc.). The agentsmalke decisionson
whatactionto performor whatto saybasedon their beliefson the possibleeffects of
suchdecisions.Actions changethe physicalworld in some x ed (possiblyuncertain)
way. Sayingsomethingto anotheragentchangeghe beliefs of that agentand of ary
otheragentthat may overhear The agentsprojectinto the future to evaluatethe effect
of eachoption on the stateandbeliefs of the otherentitiesin the IPD. The agentscon-
sidernot just the immediateeffect, but alsothe expectedresponsesf the otherentities
and,in turn, the effects of thoseresponsesThe agentevaluatesthe overall effect with
respecto its goalsandthenchoosesheactionthathasthe highestexpectedvalue.From
adecision-theoretigiewpoint,we canview thisdecisionprocedureasaboundedlyratio-
nalvariationon the standardsolutionof a partially observabléMarkov decisionproblem
(POMDP)[12]. Thus,everyactionchoserby anagents motivatedby its goals although
irrationalbeharior maystill arisedueto erroneoubeliefs.

We usePsychSims basicgoalrepresentatioto encodehe mary possiblegoalsthat
our Thespianagentamay have. We draw from a goaltaxonomyfrom the psychological
literature[3]. Many of thesegoalswill con ict with eachotherin everydaysituations.
The standard‘achievement”’goalsof logical representationareinsufcient to resohe
suchcon icts becausef the ambiguity that arises.PsychSims decision-theoreticep-
resentatiorallows Thespiarto modeldifferentcharacteipro les by varying an explicit
relative priority amongthe setof possiblegoals.Thus, Thespiarmodelsa charactepro-

le asits variousgoalsandtheir relative importancgweight). For example,in the MPE,
the old manhasgoalsof maximizingits safetylevel andmaximizingthe level of being
likable, with the latter beingweightedasmoreimportant.Varyingtheserelative weights
leadsto changesn the agents behaior, giving us a wide rangeof possiblecharacters
thatwill all still actin aconsistenfashionwith respecto theirindividual goals.
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4.2. Pedgyogical Goals

In additionto goalsthat representhe characteipro le, our goal representatioganen-
codethe deggreeto which the pedagogyhasbeensuccessfulWe currentlyervisionthree
approachew encodingearninggoalsinto Thespian.

First, learninggoalscanbe embeddedn the world's dynamicsandthe characters'
goals.For example,oneof thepedagogicafjoalsin the MPE is for the studento learnto
establistarelationshipwith thelocal peoplejin particularthatthey trusthim/her We can
encodehis pedagogicatjoalinto thedynamicsby ensuringthatfailureto establishrust
will have consequencegt its mostsevere,distrustcancauserreparablebreakdevnsin
therelationship.Speci cally, in the MPE, if a studenffails to achieve eventhe minimal
requirementor thistrustgoal,theyoungmanwill accusehim of beinga CIA agentand
all charactersvill refuseto talkto him. Suchbreakdevnsareoneextreme Charactersan
alsoactin waysthathelpthe studentin the MPE, the old manhasthe goalthathetrust
thelearnerthathefeel safearoundhim, andattimeshedeliberatelybehaesin afashion
thatwould elicit behaior from the studenthatincreasegrust. Speci cally, theold man
canaskthe studentquestionsaboutthe studentand his mission,which providesmore
informationandmalkesthe old manfeel safer Althoughit is not anexplicit intentionof
thecharacteyrits behaior doesassisthelearner

However, Thespiarcanprovide charactersvith theexplicit intentionthatthe student
learn.In this approacho encodingthe pedagogycharacterhiave a goalthatthe learner
acquireskills speci ed by the pedagogyA charactercouldthenuseits mentalmodelof
thelearnerasa studentmodelto measureghe degreeto which the pedagogicafjoalsare
achieved. Thetheoryof mind embeddedvithin Thespiarformsa subjectve view of the
world thatincludesbeliefsaboutthe studentsknowledgeandcapabilitieshasedon their
behaior. The old man,for example,could have the explicit goalthatthe studentgive a
high goal priority of establishingrust. Having encodedsucha goal, the old mancould
now evaluatea possibleaction choiceusing its mentalmodel of the students goalsto
assestheeffectonthestudentand,in turn,onthe pedagogicagjoalssoencodedAgain,
becausave have priorities on the goals,we canchoosehow mucha particularcharacter
is drivenby pedagogicafjoalsfor thelearnerin relationto its own personaboals.

Finally, a third way to encodethe pedagogyis to have a behind-the-scenedirector
agentthatis directingthe dramain pedagogicallyappropriatevays.In otherwords,we
couldgo evenfurther by explicitly encodingthe intentionto teachin the overall system
throughthis directoragent.The MPE doesnot employ this techniquecurrentlybut it is
feasiblewithin ThespianThesethreeapproacheto encodingpedagogyin the world's
dynamics,in the charactes intentionsandin the systems intention) provide Thespian
with arich framework for realizingpedagogicatirama.

4.3. SocialNorms

While Thespians ability to encodgpedagogicatjoalsgivesthe agentsncentive to exer
cisethe pedagogywe alsomustgive the studenthe sameincentive. Oneof the motiva-
tionsunderlyinglPDsis thatthestudentsinherentsocialdesiresanprovide anincentive
for following thepedagogyf thecharacteraresociallyinterestingentities.As described
in Section3, charactershataresensitve to socialnormscanprovide suchanincentie.
PsychSinprovidesa generaframenork for representingtatesactions,andthedy-
namicsof theworld. While suchprobabilisticmodelshave typically beenusedin mod-
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eling physicalsystemsThespiarusesthemto modelsocial dynamicsaswell. We con-
structedThespians modelof socialdynamicsy rst identifyingcritical socialvariables.
We have begunby encodinghetrustandliking relationshipghatexist betweerentities.
We thende ned domain-independertynamicsfor thesesocialvariables(e.g.,increase
your liking of anotheragentif it doessomethinghathelpsachiese your goals).Giving
anagentgoalson thesesocialvariableswill give it incentive to beliked andtrustedby
thestudentWe arecurrentlyapplyingthis samemethodologyto expandour setof social
variableso includeotherkey featureqe.g.,af nity , freedom).

In additionto thesemorepersistentelationshipvariables,Thespiaralsousessocial
variableso representoretemporaryobligationsthatmay exist betweeragentsin gen-
eral, actionsby oneagentcanimposea type of obligationon anothey anda certainset
of respondingactionswill satisfythe obligationto somedegree.We currentlyusethese
obligationsto encodea broadsetof socialnormsaspairsof initiating andrespondingac-
tions: greetingandgreetingback,introducingoneselfandintroducingoneselback,con-
veying information and acknavledging, inquiring and informing, thankingand saying
you are welcome,offering and accepting/rejectingiequestingand accepting/rejecting,
etc.For example, Thespians dynamicsfor “inquiry” specifythatoneof its effectsis the
establishmendf anobligationon the partof theinquireeto satisfythe enquirer(e.g.,by
providing theneedednformation).

By giving theagentgyoalsto satisfyary suchoutstandingbligationswe give them
anincentwve to follow the encodedsocialnorms.In somecasesthe agentamay already
have an incentve from relationshipgoalsin additionto the obligationalones.For ex-
ample,anagentproviding informationin responseo aninquiry will be helpingthe en-
quirer achieve its goals,leadingto a strongerliking relationship.Alternatively, social
normgoalsmaycon ict with the agents othergoals,leadingto possibleviolations.For
example, anagentmay decidenot to satisfyaninquiry obligation,becauseevealingthe
requestednformation may reveal vulnerabilities,threateninghe securityof the agent.
Therelative prioritiesamongall of thesegoalsre ect thevaluethatthe characteplaces
on the correspondingocial norms. Thesevaluesare often culturally speci ¢ and can
alsovary accordingo its personalityHowever, althoughwe vary therelative weightson
the normsfrom characteito characterthe underlyingmechanisnfor representingnd
maintainingnormsandobligationsdoesnotchangesowe canreusdt acrossnary IPDs.

4.4. Authoring

We have shovn how Thespianencodegersonalitiespedagogicafoals,and socialbe-
haviors asgoalsthat candrive autonomousgentbehaior. Becauseof this autonomy
theauthorof theIPD nolongerhasto specifyall of thepossiblebehaviors of the charac-
ter. However, the characters behaior now depend®n the goal priorities chosenby the
author sowe simply replacedhe previous authoringtaskwith a new one.Furthermore,
the processf tuning suchquantitatve parameterss typically lessnaturalto the author
thanwriting a script.

Fortunately PsychSimprovidesan algorithmfor automaticallychoosingthesegoal
priorities basedon a few instancesof desiredbehaior [11]. Thespianusesthis algo-
rithm to take partial scripts,provided by the author andautomaticallytunethe relative
goal weightsamongthe personal pedagogicaland socialgoalsof the characterOnce
Thespianhas t the charactes goalsto this input, the charactemwill always generate
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| Spealer | Addressee]| Utterance

Student Oldman || minumas'uulb-hel-man@qa?
Whois themostimportantof cial in thistown?

Youngman | Oldman || 9alakeefak!
Slow down!

Youngman | Student || uhiyyeminu?
Whois she? (referringto aide)

Old man Student || (silence)

Figure 1. Excerptfrom Scenel dialog.

autonomou$ehaior thatis consistentvith the givenscripts,whenapplicable Further
more,whenthelearnersinteractiondeadthemoff thescripts theagentwill still actcon-
sistentlywith its goals.In otherwords,the tting processextrapolatesrom the partial
scriptsto anexhaustive speci cationof consistenbehaior over all situationslt is asif
we were“teaching”theagentthe motivationsof its characterasopposedo having them
simply memorizethe scripts.

Thespiarreducesauthoringeffort in two ways. First, Thespians authoringprocess
alleviatesthe burdenon authorsby notrequiringthemto write all possiblepathsthrough
thestory, while still allowing amorenaturalprocesghanrequiredoy hand-tuningparam-
eters.Second,Thespiansupportsthe easyreuseof characterand ervironmentsacross
IPDs.Thespiarcanseparat¢he modelsof characterérom thoseof theervironmentthey
arein. Reuseof codeis animportantfeatureof ThespianDynamicsfunctionsdesigned
for onelPD ervironmentcanbereusedn anotherfor any overlappingstatefeaturesand
actions.And after tting, anagentbecomesa charactemwith certainsetof goals.This
charactecanbe easilypluggedinto otherstoriesto play a similar role. Furthermorebe-
causall charactersgoalsdraw from the samegoalhierarchywe caneasilyquantifythe
similarity betweertwo roles.

5. Resultsand Curr ent Status

Figure 1 providesan excerptof actualdialog amongthe (human)studentthe students
aideandtwo localsfrom sceneone.Note Figure 1 shavs the surfacelanguagdorm, but
this form is mappedby the speechrecognizerto an internal speechact representation
thatthe agentscanreasonabout.Prior to this excerpt,the studenthasonly introduced
his name,but hasnot introducedthe aide or detailsabouttheir mission.The impact of
having failedto make a properintroductionis thathe hasnot built trustwith thelocals.
In the rst line of Figurel, the studentasksthe old mana sensitve question How-
ever, theyoungmanthenseizeshedialogturn becausdie percevesa potentialsecurity
threatby someonéhe doesnot trust. Throughhis mentalmodelof the old manandhis
lookaheadeasoningtheyoungmancanforeseghatif he doesnotstoptheold man,the
old manwould give the answerto the studentwhich would hurt his own goal of safety
If heinsteadasksthestudent questionhecannotonly stoptheold manfrom giving the
answeybut alsogainsafetyby gettingmoreinformationfrom thestudentThisreasoning
leadsthe youngmanto tell the old man not to answerthe question(secondine from
Figurel) andto askwho the aideis (third line from Figurel). Theyoungmanhasboth
thegoalof increasingsafetyandfollowing socialnorms.Accordingto thelattergoal,he
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shouldkeepquiet,becausé¢he students askingthe old mana question.Theyoungman
valuessafetymorethanfollowing socialnorms;thereforejn this case hewill pick the
actionthatincreasedis safetylevel, evenif it violatessocialnorms.For the old man,
following socialnormsis the mostimportantgoal. He hastwo obligations.The students
guestiorto him imposesanobligationfor answeringt. Theyoungman's questiorto the
studentimposesan obligationfor the old manto keepquiet(i.e., wait for themto nish
their corversation).The more recentobligation receves higher priority. Therefore he
choosedo keepsilent.

Thisrathercomplex exchangavasachiezedby theautomatedtting processkFitting
adjustedhe charactersgoal weights(of safetyandfollowing socialnorms)to achiee
the behaviors exhibitedin this example.

Currentlythe MPE hasthreescenesThesesceneshave asmary assix characters
plusthe students characterAll threescenesreconstructedy usingautomatedtting.
TheTLTS systemhassofarundegonesix discretestage®f formative evaluationduring
the developmentprocessWe got variousfeedbackover time [2] aboutthe effectiveness
of usingthe MPE for languagetraining,andmostof it is positive. SinceApril, 2004to
January2005,we have gonethroughthreeroundsof testingwith atotal of 30 subjects.
Sofar, theoverall evaluationof the MPE is thatit is successfuin providing anengaging
ervironment,andis an effective assessmeivol [1,2]. Beginningin March,20050f this
year we will have anotherroundof testingwith atleast100subjects.

6. Conclusion

Thepromiseof interactve pedagogicatiramahasoftenbeenthwartedby thearduougle-
signandprogrammingasksfacingthe creatorsof suchsystemsThespiarfacilitatesthe
designproces®f agent-basetPDsin severalways.It enlistsautomationin the charac-
tercon guration procesgo simplify authoring.t alsoprovidesmultiple waysto support
pedagogicayoals.Additionally, Thespianprovidesa methodologyfor modelingsocial
dynamicswithin adecision-theoretieramenork.

Thespiansimpli es the authoringprocessin several ways. Agents are motivated
solely by their goalsand their goalsare automatically tted so that they perform ac-
cording to the scripts.Becauseheir behaior is driven by their goalsand not simply
scriptedthe agentgespondo unexpecteduserinteractionin waysconsistentvith their
motivations.If they do not, the misbehaior canalsobe fed into the tting processin
the MPE, we have demonstratetiow to embedpedagogicatjoalsin the dynamicsof the
storyworld andhave discusseddditionalapproaches\e believe thesetechniquesan
beappliedto otherIPDsaswell.

Goingforward,thevisionof Thespiarwouldbefor non-technicatlesignerso author
dramason their own. Therearestill stepsin the procesghatareimpedimentgo sucha
vision, includingtranslatingscripteddialoginto the formal speechactlanguagethatthe
agentaunderstandWe planon addressinguchimpedimentsn our futurework.

Acknowledgments:This projectis partof the DARWARS Training SuperiorityPro-
gramof the DefenseAdvancedResearchProjectsAgeng. Theauthorswishto acknavl-
edgethe contritutionsof the membersf the TacticalLanguageleam.



M. Sietal. / Thespian 9
References

[1] C.Beal,W.L. JohnsonR. Dabrawvski, andS. Wu. Individualizedfeedbackand simulation-
basedpracticein thetacticallanguagdraining system:An experimentakevaluation.In AIED
- In Submission2005.

[2] S.ChoiandW.L. Johnson.Evaluationof the motivational effects of a intelligent gamefor
languagdearning.In AIED - In Submission2005.

[3] A. Chulef,S.J.Read,andD.A. Walsh. A hierarchicakaxonomyof humangoals. Motivation
andEmotion 25:191-2322001.

[4] W. Swartoutetal. Toward the holodeck:Integratinggraphics sound characteandstory In
Agents pages409-4162001.

[5] W.L. Johnsoretal. TacticalLanguageTraining System:An interim report. In Proc. of the
Internat'l Conf on IntelligentTutoring Sys, pages336—-3452004.

[6] IsabelMachado,Ana Paiva, and Paul Brna. Real charactersn virtual stories:Promoting
interactve story-creatioractvities. In InternationalConfeenceon Mirtual Storytelling 2001.

[7] S.Marsella,W.L. JohnsonandC. LaBore. Interactve pedagogicatiramafor healthinter
ventions.In InternationalConfeenceon Arti cial Intelligencein Education 2003.

[8] M. MateasandA. Stern. Integratingplot, characterand naturallanguageprocessingn the
interactve dramaFacade. In Proc. of the Internat'| Cont on Tec. for Interactive Digital
Storytellingand Entertainment2003.

[9] Ana Paiva, JoaoDias, Daniel Sobral,Ruth Aylett, Polly SobreperezSarahWoods,Carsten
Zoll, andLynneHall. Caringfor agentsand agentsthat care:Building empathicrelations
with syntheticagents.In Proceeding®f the Third InternationalConfeenceon Autonomous
Agentsand Multiagent Systemspagesl 94-201New York, 2004.ACM Press.

[10] L. Plowman,R. Luckin, Laurillard, M. Stratfold,andJ. Taylor. Designingmultimediafor
learning:Narrative guidanceandnarrative construction.In CHI, pages310-317,1999.

[11] D.V. PynadattandS. Marsella.Fitting andcompilationof multiagentmodelsthroughpiece-
wiselinearfunctions.In AAMAS pagesl197-12042004.

[12] R.D. Smallwood andE.J.Sondik. The optimal control of partially obserable Markov pro-
cessesvera nite horizon. OpemtionsResearh, 21:1071-10881973.



