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Abstract. This paperis concernedwith the mental processesnvolved in inten-
tional communication! describean agent'scognitive architectureas the set of cog-
nitive dynamicgi.e., sequencesf mentalstateswith contents)she may entertain. |

then describeintentional communicationas one such specific dynamics, arguing
againstthe prevailing view that communicationconsistsin playing a role in a so-
cially sharedscript. The cognitive capabiliies neededfor such dynamicsare min-

dreading (i.e., the ability to reasonupon anotherindividual's mental states), and
communicativeplanning (i.e., the ability to dynamically representand act in a
communicativesituation).

INTRODUCTION

Agentsareconsciourganismavho live in dynamicsituations,striving to makethemmoreto
theirliking; asituationis an agent'ssubjective open,changeablénterpretationof the environ-
ment.Communications a form of interactionbetweeragentselongingto a socially sophisti-
catedspeciesin particuar, it is anovertattemptto reacha situationwhich be relatively satisfac-
tory to all theparticipants.

Thearchitectureof anagent'anindis thesetof cognitivedynamicsheé may entertainl will
describecognitive dynamicsas sequencesf mentalstates,i.e., as abstractreformulationsof
folk-psychologicaldescriptionsike Ann decidedo go to the moviesbecauseshewas boredto
stayat home In thisexample Ann'scognitivedynamiconsistdan asequencef mentalstates
(decided was bored with contentqto go to the movies to stayat homg. Mental stateswith
contentsj.e., intentionalstates,aresubjective partial representationsf the environmentasit
IS, was,or mightbe.

An agent'sognitivedynamicanustbetightly coupledto the partially unpredictablechanges
in herenvironmentl.e., they dependon the adaptiveinteractionbetweerher cognitive system
andthesurroundingmental bodily, physical,and social)environmentThe specific patternof
this dependencés rootedin tum in the evolutionarypressuresvhich haveshapedhe agent's
mind/brainandin herpreviousindividual learning.

1 Individual agentswill bereferredto with the feminine;in the caseof communicationthe masculinewill be
usedor anyagentinvolvedbut the first.
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This paperis concernedwith the specific cognitive dynamicsunderlying communication.
Communications aform of socialactivity overtlyaimed at modifying a partner'scognitive dy-
namics.Fromapsychologicalviewpoint,it canbeviewedastheinteractionbetweerthe cogni-
tive dynamicsof the agentsanvolved; or, in a one-sidedoerspectivebetweeran agent'sown
cognitivedynamicsandthedynamicssheascribego her partners.A crucial role is thus played
by mindreading i.e., by eachagent'scapability of comprehendinghe otheragent'scognitive
dynamics.

| will matchthis view againstheidea, prevailingin therelevantliterature,tha communica-
tion consistan takingup arolein ajoint plan, i.e., asocialscriptmutually known to the partic-
ipants.l will arguethatsuchideais cognitively implausible,if only becausét doesnot capture
the flexibility typical of sophisticatedsociality, insteadallowing only for rigidly stereotyped
patternof interaction.

AUTONOMY AND SITUATIVITY IN COMMUNICATION

Although,afterGrice(1989)andSearlg1969,1979),communications widely understoodas
involving someform of cooperationlittle agreementanbe found asto the natureof suchco-
operationThemoreor lessinordinateproductionof utterancess a form of cooperationn dia-
logue,which is satisfiedwhen the agentssucceedn makingtheir communicativeintentions
mutuallyundersoodto thepartners Comprehensiorhowever,is but thefirst stepto affecting
thepartnersmentalstatesn somespecificway: if the agent'scommunicativententionsarein-
deedcomprehendelly thepartnersput do not achievethe desiredeffects,they fail in spiteof
conversationatoherencen thisrespecttheorieof communicatiorbelongto the study of so-
cial agencyyratherthanto linguisticsor classicapragmatics.

Socialinteractionis often conceivedof asthejoint executionof a multiagentplan, mutually
known to the agentdnvolved (e.g.,Airenti, Bara& Colombetti1993;Grosz& Sidner1990;
LevesqueCohen& Nunes1990;Lochbauml1993).Thejoint planprescribesto a variablede-
greeof abstractionasequencef predefinedactiongo beperformedoy eachparticipant;its ex-
ecutionis initiated by oneagentandpossiblycarriedon, uponrecognitionpy theothersin their
turn. Relevancas thusgrantedoy eachagent'sadherencdo the sharedrepresentatiorof the
plan;describinga sacial interactionamountdo describingthis planandits conditionsof appli-
cability.

Thereareseveraproblemswith thejoint-planperspective:

» Like classicalAl approacheso private action (which it straightforwardlyappliesto social-
ity), it camotaccountfor situativity. Plans,if conceivedf as cannedecipesto be traversed
by anagent,canneithercapturetheuniquenessf eachagent/situatiorcoupling, nor adaptto
its complexdynamicsnor accounfor the multiplicity andheterogeneityof anagent'sgoals
(Agre& Chapmari990).In thesocialcase,this meanghatopensystemg(i.e., interactions
amongan unpredictablenumberof agentswith heterogeneous;hangeablegoals: Gasser
1991) cannotbe capturedin a joint-plan framework. Turn-by-turn approacheso dialogue
(e.g.,Clark& Schaefefl989;Sperbe& Wilson1986),0n the otherhand, may easilymiss
coherencsd, e., the(howeverrelativized)persistencef anagent'sintentions.Theoriesaim-
ing atcognitiveplausibility shouldcapturean agent'dong-termvision aswell asher short-
termflexibility.

» The indefinite numberof cannedrecipesreal agentswould needgivesrise to intolerable
problemsof learning,memory,andreal-timereasoningFurther,the joint-plan perspective
also requires of eachparticipantto share exactly the same set of plans and of plan-
recognitioncapabilitiesjn orderto appropriatelyandtimely recognizethe particularplanthe
first agents proposingto carryout.

» Built-in benevolencés anothessourceof implausibility of the joint-plan framework.Beha-
ioral cooperations not anintrinsic featureof communicationonly strictly task-orenteddo-
mainsmay be describedas usually (but not necessarily cooperative Agentspursuetheir



own interestsand paticipate in communicatioronly asa meansto carry themout; nor do

theyletthemfall, onceengagedn conversationin favor of a superordinateimto abstract
cooperationCognitivetheoriesof sociality mustbe neutralwith regardto benevtence,an-

tagonismor indifferencebetweeragentgCastelfranchil990).

Thesedifficulties may also be viewed as the symptomsof a more general problem: the
mapl/territoryfallacy, implicit in mainstreancognitive sciencewherebybehavioralregularities
areunwarantablyexplainedawayby postulatingad hoc rulesencodedn the agentscognitive
machinery(Searle1992). Cognition, on the contrary,is a biological phenomenonand the
mind/brainis nottheimplementatiorof aformalor computationasystem.

AN ARCHITECTURE FOR SOCIAL AGENCY

An agentis anintentionalsystemwho lives in a subjective open,changeablénterpretationof
the environment(a situatior), andstrivesto makeit moreto her liking. This definition is re-
lated,but notidentical,to thatof Pollock (1995);I havenot the spaceto discussthe differences
here.

Althoughanagent'knowledgecanneverbecomplete shecanimproveit, within thelimits
of herarchitectureandof hercurrentinterestandresourcesby zoomingin (or out) on theen-
vironment,by reasoningrom previousknowledge,andso on. Situationsarethus changeable
in accordancdo the agent'sknowledgeand interests,as well as to perceivedchangedn the
world. An agent'sognitivedynamicqi.e., thesequencef her mentalstatesmustbe coupled
to thepatrtially unpredictablechangesn her situation;in the caseof communicationgsituativity
consistdn acouplingbetweereachagent'sognitivedynamicsandthe cognitive dynamicsshe
ascribego thepartners.

At leastsix mentalstatetypesareneededn my accountof communicationln the following,
thenotationSg ¢ readsagenta entertainghementalstateS with contentc. The contentmay also

regardthe very agentwho entertainghe mentalstate:thus, BELyx happy(x)readsagentx be-
lievesthatagentx is happy

» Beliefsencodethe agent'sknowledgeat a giventime; their contentsaresituationsandtheir
characteristicsThenotationBELy p expresseagenix's beliefthatsituationp holds.

» Mutual beliefsarethe socialcounterpartof beliefs.In Colombetti's(1993) definition, for
ageni to havethemutualbeliefthatp with agent(sy is to havethe belief thatp andthe be-
lief thatsuchbeliefis sharedwvith agent(s)y: MBELx (p, y) = BELx p » BELx MBELy (p,

X).

To actis to modify somecharacteristiof theenvironmentsoto improvethecurrentsituationat
areasonableost(in termsof difficulty, time,resourcesgetc.). To a deliberative(vs. purelyre-
active) agent,this meanschoosingwithin a (howeverlimited) setof alternatefutures. This is
possibleto an agentwho is capableof representingsomeplausible,spontaneousr induced,
evolutionsof thecurrentsituation.l introducethreetypesof volitional states:

» Desiresencodeanagent'otentialgoals:WANTy o, where(a, B, ...) aresituationsthatthe
agenthinksshewould preferto thecurrentone,independenthpf anyfurtherdeliberation.

» Future-directedintentions (Bratman 1987) encodethe agent'sactual goals. Their contents
are,amongall the situations shedesires thosesheactually commitsto: FINTx «', where
a', o, ...) arepartial plansfor situationa. A partialplanis adesiredsituationplus a course

of possibleactivity, howeverill-defined,which theagenthinksmayachieveit.



» Present-directethtentionsencodethe agent'sbehavioraldecisions.Their contentsarebasic
actions:PINTx DOx actl,where(actl,act2,...) arebasicactionsandDOyx actlis agentx's
executionof actionactl.Basicactionsareactionsthatthe agentmayimmediatdy (i.e., with
no furtherconsiderationgxecutdan thecurrentsituation.

An agent'svolition is guidedby heremotional/motivationasystem(Oatley 1992). Objects of
thought,in otherwords,arenevemeutral;an agentassessethemas moreor lesssatsfactory,
andassigndo theircomponenta causalole in heractualor potentialoverall satisfaction(Pd-
lock 1995):

» Likings encodethe agent'spreferencesbetweenn-ples of situations, plans, or actions:
LIKEx (e >p > ...), LIKEx (o' > &" > ...) and, respectivelyLIKEx (actl> act2> ...).
Satisfactionis relative ratherthanabsolute as shown by the absenceof absolutevaluesin
thenotation.

A GENCY AND COMMUNICATION

Keepingin mind thesementalstatetypes, deliberationand private action may be descibed as
follows. Givenhercurrentsituationandmotivation,theagentdesiresa certainsetof situations,
which shebelieveswould bemoresatisfactorythanthe spontaneousvolution sheforecastsof
thecurrentone.Becauséerresourcesarelimited, and theworld is partially unpredictableshe
will not considereachand every possible/desirablsituation: living in the real world neither
consistdn, nor allows, anexhaustivesearchn aclosedspaceof predefinedpossibilities.Also,
thealternatesituationssheforecast®or desireswill berepresentedn poorerdetail thanthe cur-
rentone.

Sinceall of herdesirescanseldomcometrue, the agentwill commit to a small subsetof
them,which sheconsidersnoresatisfactory(or lesscostly) thanthe rest, andwill makeit the
objectof herfuture-directedntentionsandfurtherdeliberation.E.g., in Ann decidedto go to
themoviesbecauseshewasboredto stayat home Ann'scurrentsituationmay be describedas
I'm gettingbored herexpectationgbaut thespontaneousvolutionof thesituationas| will get
morebored andsomedesirablesituationsas| would like to bein Moroccqg | would like to see
Bob, andl would like to go to the movies amongthese,shewill havereasongo chooseone
(say, the latter) andcommit to it. Becausaheworld changesand the agenthasno complete
knowledgeof evenits currentstate,planscanonly be partial: they arebetterviewedas macro-
actiongo befurtherdecompose(’ll gotothemovieg, ratherthanrecigesfor action.

Planexecutionstartswith thegeneratiorof a present-directethtentionto performan appro-
priate basicaction (I takethe newspapeto seewhatfilms are on, aspart of my going to the
movie9. Any actionor eventchangesheworld, opening somepossibilitiesand closingothers;
it thuscreatesanewsituationwhich canbemoreor lessto the agent'sexpectationandlikings.
The agentthengenerates new present-directedntention, consistentwith her future-directed
intentionsanddesres. Thesemayhavechangedn themeantimeaccordingto the contingencies
andopportunitiesof the new situation,or asa consequencef a changdn the agent'sbeliefs,
motivations,or interestqe.g.,Ann might find out, on readingthe newspaperthat thereis a
beautifulconcerton attheMusicHall).

Communicationmay be describedn similar terms. An agent'sactionsin dialogue result
from theinteractionof her cognitive dynamicswith thoseshe ascribesto her partner(s).She
will act, within the scopeof her future-directedntentions,so to keepconversatiorup, until a
situationis reachedhatsheconsiderselatively satisfactoryin termsof results,costs, possibili-
tiesleft open,etc. Thecognitivedynamicaunderlyingcommunicationconsistsin a turn-by-turn
generatiorof suitablepresent-directethtentionsto communicatewith feedbackrevisionof the
relevantdesiresandfuture-directedntentions.The maindifference with respecto private ac-
tion, is thatsituationliking, andthealiernatefuturesconsiderednow dependalsoon the cogni-
tive dynamicgheagentascribego herpartner(s)specificmentalstategsuchas mutual beliefs)



andknowledgeareinvolvedin this processsothatcommunicatiormaybe considere@s a spe-
cific domainof cognition(Tirassa,n preparation).

Sincethesamedescriptionappliedo eachparticipant,communicationrmay be viewedasthe
cooperativeeonstructiorof asituationwhich berelatively satisfactoryto all the agentsnvolved.
Eachagentwill keepcommunicatiorup aslongas sheconsiderst usefulandpossiblej.e., as
longasshebelievesthatit may bring someworthy improvementn her situation,andthather
partnersarestill willing to interactin theirturn. Thus, thefinal situationwill be satisfactoryto
alltheparticipantsSatisfactionto repeatjs relativeratherthanabsoluteit depend®nwhatthe
agentviews as possibleor worthy in the currentsituation. This explains,e.g., why soldiers
seldonreactto a sergeant'sebuke:silence,howeverunpleasantbringslessundesirecconse-
guenceshanrebellion.

Built-in cooperationis neithernecessarpor desirable Politenessbenevolenceandaltruism
may or may not be partof the agent'scurrentmotivationsand interests:while social conven-
tions prescribethat her participationin dialogue should not dependon her immediate urges
alone,nothingimpedeghatsheberude (provided,of course,thatsheis readyto paytherele-
vantsocialcost).

AN EXAMPLE OF COMMUNICATION

Thisframeworkmaybegivenasimpleformalrewritingin termsof defaultdynamicsof mental
states,usingthe notationintroducedin a previoussection.l will heregive a sketchof a pro-
posal/replyexchangdetweeragentx andy, from x's one-sidegointof view. For reasonsof
brevity, | will describedualinteraction butthetheoryhasno suchrestriction.

It is importantto beclearabouttherole of the formalism. Consistentlywith my assumptions
onthebiologicalnatureof cognition,l do notconceiveof mentalprocesses termsof compu-
tations.Thus, the formal rewriting of a psychologicaltheoryis only meantto clarify andcon-
strainthetheoryandpossibly, whenappliedto closedsituations,as might happenn alabora-
tory setting,to helpexplae specificpredictionsbasedn thetheory(e.g.Bara, Tirassa& Zettin
1997).Formalismin psychologyplays exactly the samerole it playsin chemistryor in any
othernaturalscienceThisis clearlyaweakermositionthanis usualin cognitive science put, in
my view, onephilosophicallyandpsychologicallynoregrounded.

Letus startwith agentx's proposal:

[1] WANTx o ; If agenix desiressituationa
A BELx ((¢', &', ...) C ) ;andbelieveshat(«’, o, ...) aresuitablepartial plans
; for o
A LIKEy (o > (o, ...)) ; andprefersa’ to (a”, ...)
= FINTyx o ; then, by default,shefuture-interds o

Defaultnotation(Reiter1980)is usedbecausef the principledimpossibility to list all the pos-
sibleantecedenter consequentsf a certainmentalstate;this maybe viewedas a rewordingof
theframeproblem.

E.qg.:if Ann desiresto spendthe eveningwith Bob, and believesthattwo suitable partial
plansto thisaimaregoingto therestaurantvith him andgoingto themovieswith him, andshe
knows thatthereis a nicefilm on atthe movietheaterthenshemayfuture-intendto propose

thattheygoto themovies.
Then:
[2] FINTx " ; If X future-intendsy'
A BELx ((actl,act2,...) € o') ;andbelieveshat(actl,act2,...) arebasicactiongor
;oo
r LIKEx (actl> (act2,...)) ; andprefersactlto (act2,...)

= PINTyx DOy actl ; then,by default,shepresnt-intendgo do actl



A basiccommunicativeactionin a partialplanis acommunicativeaction (i.e., a speechact)that
theagentanexecutewith no furtherconsiderationwith the aim of makingsomefact mutually
believedby herandy. E.g., Ann may decidebetweerdifferent speechactsto conveyher pro-
posal.Fromx's viewpoint, theresultof executingactlis MBELx (DOx actl,y); thus, Ann's
proposato Bob resultsin her mutual belief with him thatshehasexecutedt. Fromthe given
definition of mutualbelief, this alsoimpliesthatBELx MBELy (DOx actl,x).

If AnnbelievesthatBob hascorrectlyreconstructedhercognitivedynamicsthen:

[3] BELx MBELy (DOx actl,x) ; if X believesthaty mutually believeswith her
y

; thatshehasexecutedactl
= ... = BELx MBELy (FINTx o', x) ; then,by default,shebelievesthaty mutually

. believeswith herthatshefuture-intendsx"

i.e., shemaybelievethatsheandBob now mutually believewhy shehasmadeherproposal.
Agenty hasnow to decidewhetherto complywith Xx's goal. At least,acceptancendrejec-
tion needbeconsideredFromx's pointof view, respectively:

[4a] MBELy (WANTx a, ) ; if x mutuallybelieveswith y thatshewantsa
r» WANTy o ; andthaty himselfwantsa
» BELy (o' C o) ; andthaty believesthata' is apartial planfor o
» LIKEy (o' > (a", ...)) ; andthaty likesa' morethan(a", ...)
= ... = FINTy o) ; thenshemaybelievethat, afterfurtherconsideration,

;y future-intendsx”

E.qg.,if AnnbelieveghatBob hasunderstoodhatshewantsto go to the movieswith him, and
thathe finds this satisfactory then she may believe that Bob too future-intendsto go to the
moviestogether.

As for rejection:

[4b] MBELy (WANTx o, ) ; if x mutuallybelieveswith y thatshewantso
r (LIKEy (a< (B, ...)) ; butthaty hasdifferentdesires
v BELy (o' ¢ o) ; ory doesnotbelievethata' is apartialplanfor o
v LIKEy (o' < (e, ...))) ; ory prefersdifferentpartial plansfor o
= ... = FINTy ~a') ; thenshemaybelievethat, afterfurther

; considerationy doesnotfuture-intenda”

e.g.,if AnnbelievesthatBob hasunderstoodAnn's intention,but he prefersnot to spendthe
eveningwith her, or he doesnot think thatgoing to the moviesis a suitablepartial plan (say,
becausdebelieveshatthemovietheatersareclosedthatevening),or heprefersdifferent ways
to spendtheeveningogether thenshemay believethat, afterfurther considerationBob does
notfuture-intendto go to themovieswith her.

In [3] and[4a,b],theexpressiorifurtherconsideration’(in thenotation:= ... =) is usedto
short-circuitthemodificationsin y's desires,consequento the modificationsx hasinducedin
his situation.

Stepd3] and[4a,b] areinferenceghatAnn canonly draw afterBob'sreply, i.e., theyex-
pressherunderstandingf hisreply. ThecyclethusiteratesIf Ann construedBob'sreplyasa
rejectionshewill reviseherfuture-directedntentionor, if sheconsidershis uselessor unwor-
thy, herdesires.Shemightthuslook for adifferentway to induceBob to complywith her pro-
posal,or for adifferentway to spendthe eveningwith him; or shemight give up her proposal
andoptfor theattemptedachievemenof adifferentsituation(e.g.,shemightgetrid of Bob and
future-intendto go to themovieswith someonelse).



CONCLUSIONS

Theframeworkfor communication haveproposeduilds upona conceptionof cognitive ar-
chitecturesaspossiblesequencesf mentalstatesFrom an abstractpoint of view, it hasa sin-
gle approacho private and socialagencyin termsof cognitive dynamicsthat are adaptively
coupledto the environmentaldynamicsas known to the agent;situativity is thus an intrinsic
featureof cognition,ratherthana supplementatomponento be addedon top of anotherwise
non-sitlatedsystem Situativity is madenecessarpy therejectionof the closedworld assunp-
tion andby theimpossibilityfor anagento forecasandanticipateall the possibleevolutionsof
thecurrentsituation.

A communicatingagent'ssituationhasto includethepartner's(supposed)nentalstates,and
heractionsconsistin speeclacts.While it is impossibleto sharethe detailsof eachother'sre-
spectivesituationandcognitivedynamics agentsmustshareat leastthe basicelementsof their
respectivearchitecturesand be ableto understandt leastan outline of eachother'scognitive
dynamics.The potentialcomplexity of aninteractionis thuslimited by the architecturaldiffer-
encedetweertheparticipantsandby their capabilityto understaneachother'scognitive dy-
namics ratherthanby thenumberof socialscriptstheymutuallyknow. Mindreadinghasthus a
crucialimportancein sophisticatedociality; indeed, it is a key architecturalfeature of a few
specie®f highly socialPrimategByrne & Whiten 1988), whosedisruption in autism(Baron-
Cohenl1995)andschizophrenigFrith 1992)hampershe developmenbf any socialinteraction
butthesimplest.
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