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Abstract. We areinterestedn the validationof a cognitive theory of human communication,groundedin a
speechactsperspectiveThetheorywe referto is outlined,anda numberof predictionsaredrawn from it. We re-

port a seriesof protocolsadministeredo 13 brain-injuredsubjectsandto a comparablecontrol group. The tasks
includeddirectandindirectspeectlacts,irony, deceitsfailuresof communication,andtheory of mind inferences.
All the predictedrendsof difficulty areconsistentlyverified; in particular,difficulty increasedrom direct/indirect
speectactsto irony, from irony to deceitsandfrom deceitsto failure recovery.This trend symmetricallyshows
both in the successfukituationandin the failure situation. Further, failure situationsprove more difficult to

handlethanthe relevansuccessfusituation.In sharpcontrastwith previousliterature,thereis no differencebe-
tweenthe subjectscomprehensioof directandindirectspeectacts.The resultsarediscussedn the light of our
theoreticahpproach.

Consideratéa vostrasemenza:

fatti non fostea viver comebruti,
maperseguirvirtute e conoscenza
(Ulysses,n DanteAlighieri's Commedia

1. Introduction

Pragmaticof communicéion is the study of the competencenvolvedin intentionalcommuni-
cation,independentlyof the meansusedto communicate Theoriesof communicativecompe-
tenceareusuallyexpresseth termsof the mentalstatesnvolvedin communication.The prob-
lemwith theoriesof competencés thattheyareoftenunderdeterminedt is not sufficientto de-
velopa soundlogical analysis,sincetherelevantbehaviormight, atleastin principle, be pro-
ducedby anumberof differentsystemsin orderto constrairtheaiesof competencethe actual
humanperformancenustbetakeninto account.



In a Popperianfashion, we shall try to falsify a competenceheory of humanintentional
communicationdevelopedy Airenti, Bara& Colombetti(1993a,1993b);or, atleast,to match
it againstompetingones.An interestingway to do this is to exploreneuropsychologicaton-
sequencesf thetheory. We haveexaminedindividuals sufferingfrom the consequencesf a
closedheadinjury (henceforthCHI), trying to understandvhethertheir communicativeskills
hadbeenmpairedby thetrauma.We havechosensuchpathologybecausét is commonlyob-
servedhatCHI patientshavea peculiarmetalinguisticimpairment,which seemgo endureper-
manentlyevenaftera satisfactoryrecoveryof othercognitive skills. Thesesymptoms,how-
ever, arenot easilydefinedunlessa soundtheoreticalframeworkis used.Our subjectswere
youngpeoplgasis commonin CHI) with no focal lesionsandno aphasicsymptomsandwell
recoveringfrom theotherimpairmentsommonlyassociateavith CHI.

Our aim hereis notto developa theory of a normalcognitive processstartingfrom neu-
ropsychologicatiata.Ratherwe wantto testanumberof predictionsthatdistinguishour theo-
retical approach A welcomeside effect of our researchmight be to help lay a frameworkin
which to systematizesomeneuropsychologicdindings aboutcommunicativeimpairmentfol-
lowing CHI which, to thepresentlate lackstrongtheoreticafoundations.

Giventheveryinitial statis of neuropsychologicastudiesin the areaof interest,we needed
to explorevery basictasks, the fundamentalsof what constitutesfull communication.In
particdar, we exploredthe following tasks:direct vs. indirect speechacts, irony, deceits,
failuresof eachof thepreviouscategoriesandtheoryof mindinferences.

Thefirst task, directandindirectspeeclacts,is aclassictopic of pragmatic§andone of the
few which havebeenexploredn aneuropsychologicaberspective)however,our view differs
significantlyfrom theoneprevailingin theliterature.The secondandthird tasks,irony andde-
ceit, arepartof whatwe call nonstandardituations,i.e., situationswherethereis something
morethantheobviousmeaningof anutteranceandit is thetaskof the hearerto realizewhat it
is. Failuresareinterestingn thattheyarequitecommonphenomenan communicationandit is
necessarfor anagento handlethemsatisfactorily;further, failure recoveryinvolvesplanning,
whichis knownto beimpairedin manyCHI subjects.Finally, asan additionaltopic, we also
exploredso-calledtheoryof mindinferencegi.e., theability of anindividual to realizethatan-
otherindividual's mental stateshavetheir own independencend to reasonupon them); al-
thoughnot communicativeper se theseinferencesplay a major ancillary role in communica-
tion.

Thepapertis articulatedasfollows: in the nextsection,we discussthe epistemologicaposi-
tion underlyingour view of communication o lay the foundationsfor Section3, wherethe
theoreticalapproactwe haveadopteds presentedin Sectiond4, we describehe characteristics
of the subjectsandthe methodswe haveused.The experimentsare presentedn Sectionsb
(direct and indirect speechacs), 6 (irony), 7 (deceits),and 8 (theory of mind inferences).
Sectior® discusseshegeneraliindings.

2. Epistemology

Ideally, a cognitive theory should describeboth the competenceand the performanceof the
systemunderanalysis.Thetermswere originally usedby Noam Chomsky (1957, 1965; see
alsoBara& Guidal984);thedistinctiontheyaremeantto emphasizes nowadaysa fundamen-
tal of cognitivescienceWewill follow Marr's (1977,1982)thoroughdiscussiornof thetopic,
sinceit is bestsuited for our currentgoals.

Accordingto Marr, a descriptionof a system'scompetencecorrespondgo an abstractde-
scriptionof what suchsystem(or partof it) doesand why, independentlyof any processing
detail.Marr givesthenameof computationatheoiiesto descriptionsf this sort; thisis dueto
his underlyingpostulatehatthemindis a computationadevice.We maintain,on the contrary,
thatbiological mindsareno suchdevice(asdemonstrateds.g.,by Searle1980, 1992). This
position, however, doesnot affect descriptionsof the system’'scompetencesince, as Marr
himselfarguesyealcomputationatoncerngypically regardthelower levelsof analysis,where
theactualprocessingnachineryis takeninto account.Thus, nothingof whatwe will say in this
work depend®n theacceptancer rejectionof thecomputationapostulate.



Thetheoryof humancommunicationwe adoptherelies on the competencdevel. Current
theorieof humanactionandcommunicatiorareoftenspecifiedin termsof the mertal statesn-
volvedin thetask(belief, intention,andso forth) andof the cognitive dynamicdeadingfrom a
mentalstateto another A state-of-the-arsampleof this perspectivenaybefoundin the volume
editedby Cohen,Morgan& Pollack(1990);our own approachwill be outlinedin the nextsec-
tion.

Mentalstatesareanalyzedin termsof the functionalrole they havein cognition.Belief, for
examplejs usedto encodean agent'scurrentknowledgeof the world; intentionis usedto en-
codetheagen's behavioraldecisions,andso on. To takea naiveexample onemight theorize
thatAnn'sbeliefthatBob hasa candy,togethemwith herdesireto eatit, causegby default) her
intentionto askBob for the candy.As a first approximationjet a moreabdract versionof the
samedeabewrittenlike this:

BELy has(y, p) WANTYx has(x, p)
INTx DOx ask(y, p)

This formulacompriseghreetermsand two relations.The first term, BELx has(y, p), ex-
pressesagentx's belief thatagenty haspossessiormover objectp. The seconderm, WANTx
has(x, p), expressesg's desireto havep. Thethird term, INTx DOx ask(y, p), expresses's
intentionto askagenty for p.

As regardsthetwo relations, correspondgo the logical connectiveAND and needsno
furtherexplanationin thiscontext.Thearrow indicatesadefaultderivation,i.e., onethatcan
beblockedwhenevernappropriatgo the context(Reiter 1980). The classicexampleof default
reasoningnvolvesbirds: we know thatmostbirds canfly, so when we aretold of a certain
animalx thatit is a bird, we canreasonablyassumethatit canfly. But, if we thencometo
know thatx is apenguin(or thatx is anostrich,or hasabrokenwing, andsoon), we will have
to retreat(block) our previousconcusion. Thus, theassertiorthat

bird (x) flies(x)
(i.e.,if x is abird, thenx flies) is betterwrittenasthedefaultassertiorthat:
bird (x) flies(x)

(i.e.,if x isabird, thenx flies unlessthereis further informationthat x cannotfly).

We useadefaultformalizationbecausa completeformaldescriptionof all of anindividual's
mentalstatess, in principle,impossible In the candyexample Ann, althoughhavingboththe
beliefthatBob hasa sweetandthe desireto eatit, might decideto say nothing, e.g.,because
shethinks thatBob is too selfishto give herthe candy. Thus, knowing thatan agenthasa cer-
tainmentalstatecanneverguarante¢heagent'saction.lt is impossiblejn otherwords,to give
a completeaccountof all the conditionsnecessarand sufficient for action (this problemis
known in artificial intelligenceunderthe nameof qualification problem McCarthy 1980; see
alsoAirenti & Colombetti1991).

Onthecompetencéevel, the systemis describedas an abstractmachinecapableof produc-
ing a certainbehavior.However,thereis somethingmorethanthis to the study of cognition.
Although, in principle, any behaviormay be producedby an indefinite numberof different
systemspnly oneof thesds of interestto the humansciencespamely,the one corresponding
to the humanmind/brain. Theoriesof humancompetencetherefore,needbe further con-
strained.

As afirst thing, thevalidation of suchtheoriesdependsn the adherencef the competence
theydescribeo thecharacteristicexhibitedby thered organism,i.e., on its capabilityto gen-
eratetherelevantbehavior.This correspond$o whatChomsky(1965) callsthe performanceof
thesystemwhatcountsas a system'sperformancedependsn the taskconsiderec&ndon the
theorybeingdevelopedTo study performancampairmentsafterbraindamagemay help con-
straintheunderlyingcompetenceéheory.

Theorieof communicationaswe havediscusse@bove,areusuallycastin termsof therel-
evantmental statesand of their dynamics,supposedto realize the processunder analysis.



Mental statesarenot localized,i.e., thereseemdo be no specific cerebralareawheretheyre-
side. They canreasonablye supposedo resultfrom the activity of large areasof the brain,
eachmakingits own contributionto the overall stateof anindividual's mind. Whensuchareas
aredevotedo specificfunctions,local neuraldamagesnayproducespecificimpairmentsin the
mentalstatesaanindividual mayentertainpr in theircontent,or in theirdynamics.

A damageto the frontal cortex, for example,may imply problemswith the individual's
planningcapabilitiesj.e., in termsof amental-stateheoryof action(e.g., Tirassal997),with
the complexdynamicsof beliefs,long-termintentions,short-termintentionsetc, involvedin
behaviomplanning.A differentexamplecomedrom autism.This disorderis associatedvith the
lackof aspecific,dissociableability to understanéndreasonuponthe otherindividuals' men-
tal statesas different from thoseof one'sown (U. Frith, Morton & Leslie 1991; Leslie &
Thaiss1992). Suchability requiresspecifictypesof mental states,otherthan "simple" belief
(Leslie 1994;seealsonextsection).Autism thenconsists(at least)in the impossibility to form
certaintypesof mentl statespnamely thoseinvolvedin the attribution of mentalstateso other
individuals(Baron-Coheri995).

Thegeneralapproactwe haveadopteds to takea competenceéheoryof humanintentional
communicationgastin termsof thementalstatesnvolved, andto understandow impairments
in cognitiveskills might possiblyyield an impairmentin this task. In otherwords: givena the-
ory of competencewe aretrying to constraint onthebasisof datafrom impairedperformance
of neuropsychologicahterest.

We havetakenas a startingpoint the computationatheoryof communicationrdevelopedby
Airenti, Bara& Colombetti(1993a,1993b).We havederivedfrom it a numberof predictions
of theperformanceof normalandbrain-damagedndividuals.Finally, we havetestedsomeof
thesepredictionsthrougha seriesof experiments.

3. A computational theory of speechacts

Studiesof the pragmaticsof communicationare far from a stabletheoreticalsystematization.
StepheriLevinson'sPragmatics(1983), a standardext of referencefor the area,lists as many
as 53 pagesof different definitions of the termitself. Thus, neitherour theoreticallydriven
strategy hor thedetailsof thetheorywe adopt,areunanimouslyagreedipon.

3.1 Cognitive pragmatics

Speechacttheory(Baral1995;Leech 1983; Levinson1983) is the mostinfluential schoolin
pragmaticsand appearsparticularly well-suited for neuropsychology Further, it has now
reached satisfactorydegreeof formalizationafterAustin's(1962)andSearle’'s(1969) pioneer-
ing works, thanksto manyworks groundedn analyticphilosophyandlogic (e.g., Grice 1989;
Searle& Vandervekerl985; Sperber& Wilson 1986; Strawson1964),computationalinguis-
tics(e.g.,Appelt 1985;Cohen,Morgan& Pollackeds.1990),andartificial intelligence(e.g.,
Airenti, Bara& Colombetti1983;Allen & Perraultl980;Cohen& Levesquel991; Cohen&
PerraultLl979).

Within thisframework,Airenti, Bara& Colombetti(1993a,1993b)havepresentedhe bases
of a computationalftheory of the cognitive processesinderlyinghumancommunicationWe
give herea sketchof theirtheory,with no discussiorof the formal apparatusr of the psycho-
logical evidenceWe referthe interestedreaderto the articlescited in the bibliography;to dis-
cusstheseaspect®f our modelherewould makethis paperdongerthanit alreadyis, andwould
belikely to diminishits appeako areadershipvhichis mostlycomposeaf neuroscientists.

Giventheassumptiorthatthe sameanalysisholdsfor both verbaland nonverbakcommuni-
cation,we adoptthetermsactor andpartner insteadof the moretraditional speakerandhearer.
Further,we follow theconventionthatactorx is alwaysafemale (hencean actressindpartner
y is alwaysamale.

A majorassumptionof Airenti, Bara& Colombetti's(1984)work is thata cognitive analysis
of dialogueshoulddistinguishbetweernits conversatiorand behavioraspectsWhenonecom-
municatesheraimis to achievea certaineffecton a partnernamely to changehis mentalstates
andpossiblyto inducehim to performsomeaction.But thereis somethingmore. The choice of



acommunicativewvay to attainthis goalprovidesherwith thesubsidiarygoalto follow therules
of conversationBehaviorandconversatiorgoak havecompletelyindependenorigins;thus, an
agent'behaviomaybenoncooperativan spiteof hiswill to maintaina correctconversation:

[1] Ann: Couldyou pleasdendmeyour carfor theweekend?
Bob: Sorry,| promisedhekids to go campingwith themin thelakesregion.
Ann: Well, I'll askCharles Haveanicetrip.

Eachlevelrequiresa form of cooperationBehaviorcooperatiorrequiresthatthe agentsact
onthegroundsof aplanatleastpartially shared ,which we call behaviorgameof x andy. For
our purposesactionplanscanberepresentedstreesof intentions,whoseleavesarespecified
eitherasterminal,preciselydefinedactions,or as higher-levelintentionsto be worked out ac-
cordingto thecontext(Pollack1990).Besidesabehaviogamespecifieghetypical situationin
whichit canbeplayed.

Theactionsprescribedy a behaviorgameneednot be logically necessarySomeof them
may constitutea conventionalhabitualpartof theinteraction,asis the caseof the actiors of
greetingtypically prescribedy thegamegyoverningmeetingdbetweerpersonsGreetingsplay
no necessaryolewith respecto therestof theinteraction;nonethelesst is consideredmpolite
to neglectthem.

Theactualactionsperformedby the agentsrealizethe movesof the behaviorgamethey are
playing. The meaningof a communicativeaction (eitherverbalor nonverbalor, moreoften, a
mix of thetwo) is fully understoodnly whenit is clearwhat moveof whatbehaviorgameit
realizes.Thus, we will considerspeechactsas movesof behaviorgames;conversely,each
moveof a behaviorgamehasa meaningvalue,andcanthereforebe consideredis a commu-
nicativeact.

Conversatiomooperatioris governedy asetof specificrulesthat, by analog with behav-
ior games,we call the conversationgame However,the conversationgameneednot be a
sharedepresentatiof a multiagentplan, like behaviorgamesrather,it canbe modeledasa
setof tasksthateachagenthasto fulfill in a givensequace. Eachtaskdefinesa specificphase
of the comprehension/generatiggrocessFor example the phaseof understandinghe speak-
er'smeaningwill becharacterizethy thetaskof recognizingchebehaviolgameproposedy the
actor(seebelow). Further,the conversatiorgamespecifiesthe chainingof the phasesn both
standar@&andnonstandardases.

Communicativecompetenceanthus be seenas an inferential metalevel,controlling base-
levelinferencesvhich arecarriedouton sharedepresentationsf stereotypedpatternsof inter-
actions.To clarify this point, letus considemagainexample[1]. In any standarccontext,Bob's
responseavould be takenas a justified rejectionof Ann'srequest.Thewhole exchangecanbe
explainedby sayingthat:

By herrequestAnn proposego Bob to playthebehaviorgame:
[2][LEND-SOMETHING:
¥X givesobjectltoy;
¥y returnsobjectlto x.
By his responseBob rejectsAnn's proposal,on the justification thathe himselfneedsthe
objectrequested.

Conversatin cooperatiorrequiresthatAnn andBob sharethe knowledgeof the behavior
gamein [2]. Theexamples deliberatelyoversimplified:theactualgamesharedy AnnandBob
mustdescribeheapplicability conditionsof thereques{e.g.,youwill not asksomeoneto lend
you his carunlessheis aclosefriend of yours)aswell asits possibleoutcomege.g.,it hasto
beunderstoodhaty maylegitimatelyrefuseto complywith x's request)lt may alsodictateac-
tionsnecessargn asocial,ratherthanlogical, basis(e.g.,the useof politenesformulassuch
asplease thankyou andsoon). It is the sharednessf theseknowledgestructureghatallows
Ann andBob to maintainconversatiortooperatiorin spiteof Bob'srefusalto cooperateon the
behaviorevel.

Thereasorfor introducinggamess thatliteral meaningis but the startingpoint for the full
comprehensiomf an utteranceWhyis shesayingthis to me?andWhatdoesshe want from
me?aretherealquestiongo beansweredSuppose colleagueof yourssays:



[3] I'd appreciateacupof coffee.

while you areworking togetherin heroffice. Her utterancanay be interpretedas a requesof a
pausewith referenceto a sort of [WORK-TOGETHER behaviorgame.The samestatementuyt-
teredin your houseafter dinner, might be recognizedas a typical move of a [DINNER-TO-
GETHER behaviorgame:a guestannounces desirethatthe host is bound to accomplish.
Finally, thesameutterancewould be puzzling,if someone/ou've neverseenbeforesuddenly
popsin your office to producet: eitheryou areableto find abehaviogamerelatedtoiit (i.e., to
understanavhattheactorwantsyou to think or do), or it will remainunexplainedThe pointis
thatin thelattercasehecontextallowsyou to identify no gane, mutually known to you andto
theactor,whichtheutterancenaybeconnectedo.

Behaviorgameghus havea fundamentalrole in communication:an utterancemay be as-
signedafull meaningonly in the contextprovidedfor by a behaviorgame.Therecogition of
thebehaviogamebid by theactordoesnotbind thepartneito playhisrolein thegame.Onthe
contrary,the partnercandecideto acceptor rejectthe proposedyame,or to try to negotiatea
differentone,or evento lettheconversatiorgamenterrupt.

As we havesaid, a behaviorgamecanonly be playedwhenthe agentsshareknowledgeof
it. Theconceptf sharednesequiressomeexplanationAirenti, Baraand Colombetti(1993a)
arguethatcommunicatiorrequires,besideghe standarcapparatis of private beliefsandinten-
tions, two specific mental states, namely, shared beliefs and communicativeintentions
Althoughdifferentversionsof thesewo conceptsanbe found in theliterature,we will define
themhere,sincetheyareintroducedn anoriginal form.

The conceptof sharedbelief or mutualknowledge was introducedby Lewis (1969) and
Schiffer(1972);manyversionsthereothavebeensubsequentlylevelopedWe adopta subjec-
tive view of sharedbelief, i.e., we assumehatfor anacbr to havea sharedbelief meansto
havea certainbelief andthebeliefthatsuchbelief is sharedwith one or morespecific partners,
or with a group of people,or with all humanbeings.In our model, all the inferencesdrawn
during the understandin@f an utterancearedrawnin the spaceof sharedbeliefsof x andy.
Thus, sharednesss crucial in communicationjndeed.,it is a necessargonditionof communi-
cationthateachagenmaintainsashareelief spacgClark 1992).

We takesharedbelief to be a primitive, i.e., a specific mentalstatenot reducibleto a con-
junctionof standardgrivatebeliefs.Thisimplies rejectingthe prevailing view thatsharedbelief
is theresultof aninfinite nestingof beliefs(whatx believeswhaty believesthatx believes,
whatx believesthaty believesthatx believes,and so on): humaneasinessn dealing with
sharednformationrules out any such formula as cognitively implausible (Clark & Marshall
1981).Rathertheconnectiorbetweerbeliefand sharedbelief is capturedby a circular axiom,
asinformally suggestethy Harman(1977):

SHxy p BELx(p SHyxp)

whereSHyy p meanghatagents< andy sharethe belief thatp. Theformulareadsasfollows:

from agentx's viewpoint,agentx andy sharethe belief thatp iff: (i) it is the casethatp, and
(i) y and x sharethe belief that p. A formal model of sharedbelief has beengiven by
Colombetti(1993).1t is worth emphasizinghatsharedbelief is a mentalstateheld by anindi-
vidual. It may happen,n otherwords,thatx believesp to be sharedoy x andy, whereasy
doesnot believep to be sharedby y andx. This, aswill be discussedater, may give rise to
failures(e.g.,misunderstandingsindothernonstandardhterpretatiorpaths.
Theaboveaxiomis circularin the sensethat, by distributing BELy on the conjunction,it is

logically possibleto deriveaninfinite numberof nestedmplicationsof thetype:

Sny p BELxp

Sny p BELx BELy P
Sny P BELX BELy BELy P
Sny p E

i.e.,if x andy sharethatp, thenx believesp, x believesthaty believesp, x believesthaty be-
lievesthatx believeghatp, andso on. However,in no casecana resource-boundecbgnitive



systemderivemorethanalimited numberof thesemplications.Finite nestingof beliefsplay an
importantrole in nonstandarecommunicativesituations, particulaly in the caseof deceits,
wheresomeof thesdormulaecanbe negatedyithoutaffectingthederivationof theothers.

The secondmentalstatewe postulateas a primitive is communicativentention Successful
communicationhas beendescribedoy Grice (1957) as the recognitionof a particular set of
mentalstates,amongwhich aretheintentionto achievea certaineffect on the partner,andthe
intention that such intention be recognized.Such conditions have been strengthenedby
Strawson(1964)andSchifer (1972). Airenti, Bara& Colombetti(1993a)show thatany defi-
nition includingafinite numberof nestedntentionsis too weak, becausét will leaveunrecog-
nizedpartof theinteractivesituation,andthereforewill not captureappropriatelythe nation of
communicationOn the otherhand, for thereasonsliscussedbove,no living systemcan be
supposedo drawinfinite chainsof inferences.

This problemcan be solved by defining the intention to communicateas comprisingtwo
componentstheintenion to sharesomefact, andthe intentionto sharethe whole intentionto
communicateMoreprecisely x hasthecommunicativententionthatp with respectoy, i.e., x
intendsto communicatep toy (in symbols,CINTxy p), whenx intendsthatthe two following

factsbesharedoy y andx: thatp, andthatx intendsto communicatg toy:
C|NTxy p INTx Sny (p C|NTxy p)
Fromthisformulaaninfinite numberof logical implicationsmaybederivedof thetype:

C|NTxy P INTx Sny 0]
C|NTxy P |!\|TX Sny |NTX Sny P
C|NTxy 9] E

(i.e.,x intendgto sharethatp, x intendsto sharethatx intendsto sharethatp, andsoon).
3.2 The model of dialogue

Wereportherethe basicmodelof dialoguedevelopedoy Airenti, Bara& Colombetti(1993a).
Thegenerakschemef the comprehension/generatiaycle goesasfollows: actorx's utterance
is receivedby partnely, who representgts meaningy's mentalstatesaboutthe domainof dis-

coursemay be affectedby the comprehensiontheny planshis nextdialoguemove, which is

eventuallygeneratedWe distinguishfive logically chainedphasesdescribedbelow, in y's

mentalprocessesThe chainingof thesefive processess controlledby the conversatiorgame
(seeFigurel).

Understanding literal meaning.Thestartng point of this phases theresultof y's analy-
sisof x's utteranceasa literal illocutionary act, with addresseg, propositionalcontentp, and

literal illocutionary force f. The task setup by the conversationgamefor this phaseis to

recognizethe actor'sexpressioract. Once the expressiomactis recognized, the conversation
gameactivategheprocesf understandinthespeaker'sneaning.

Understanding speaker'smeaning. Herey comprehends's communicativeintentions.
All therelevantinferencesaredrawnin thespaceof sharedbeliefs. The startingpointis the lit-
eralmeaningrecognizedandtheresultis therecognitionof the actor'scommunicativeinten-
tions. Thetaskof this phasds to reachastaten whichit is sharedoy x andy thatx hascom-
municatecherintentionto play a certainmoveof acertainbehaviogamewith y.

Communicative effect. We define as the communicativeeffect on y the setof all of y's
mentalstatesacquiredor modifiedin accordanceavith x's communicativententions.A further
conditionis thatsuchmentalstatesareactually causedy the correspondingommunicativen-
tention;for instancethefactthatsomeones trying to makeus believethatit is rainingmustbe
thereason(or partof thereason)or believingthatit is raining. Differently from the previous
ones this phasaloesnot consistin a recognition;further, it involvesprivate beliefsand moti-
vations(Airenti, Bara& Colombetti1989).E.g.,to understandhatsomebodyis requestingus



Phase Phase task

Partner

SHpPartner,Actor

understanding - recognize the actor's expression act
literal meaning

understanding - infer the actor's communicative intentions
speaker's meaning

communicative effect - attribute private mental states to the actor
- adjust the partner's mental states about the
domain of discourse

reaction - generate communicative intentions

SHPartner,Actor

response generation - plan communicative response

Figure 1. The five phases of comprehension and production of a communicative

to lendherthecaris amatterof sharecknowledgeon theuseof languagebutto decidewhether
to complyis definitely different,andinvolvesprivatemotivations Thus, the conversatiorgame
leadsy to questionwhetherhe shouldadherego x's communicatie intentions;in particular,y
hasto decidewhetherto play the gameproposedby x (adjustment this mayalsorequirethat
privatementalstateof x's behypothesizedby y (attribution: e.g.,Bob might wonderwhatuse
Annintendsto makeof his car).

Reaction.Heretheintentionsfor thegeneratiorof aresponsareproducedwhich will bethe
input to the subsequentfinal phase.From a conversatiorpoint of view, the responsehasto
includeinformationto x abouttheeffectsachievedby her speechact Thus, the communicative
intentionsproducedn thereactionphaseaesultfrom theintegrationof the communicativeeffect
(i.e., theoutputof theadjustmenprocesswith thebehaviogamethaty desiredo play with x.
The conversatiomrmetaleveldictaesthatthe reactionbe pertinentto the analysisperformedin
understandinthespeaker'sneaning.Thus,y hasto takea stanceaboutx's communicativen-
tentions whetheror nottheyhavesucceededl hetaskof this phases to planthe achievement
of acommunicativeeffecton x.

Responsegeneration. Herean overtresponseas generatedwhich will be usedby x asa
feedbackon theresultsof hercommunicativeattempt.

4. Experimental setting
4.1 Rationale for the experiments

We areinterestedn neuropsychologicatorrelateof pragmatictheoriesof communicationOur
aimis not to build a theoryof normalcommunicationstartingfrom a collection of datafrom



impairedperformanceWe alreadyhavesuchtheory, developedon independengrounds,and
aretrying to falsify it, or atleastto testit againstompetingones,by an explorationof possible
impairmentdn thecommunicativeskills of braindamagedndividuals. A welcomesideeffect of
thisresearcimight beto helpbuild a frameworkfor the comprehensiomf someconsequences
of braindamage.

Amongthe manypotentialneuropsychologicalmplicationsof pragmaticsye havedecided
to startfrom the invedigation of somerelatively simple inferencesnvolvedin communication,
with acertainemphasi®n comprehensionatherthangenerationOur subjectswereindividuals
who sufferedfrom theconsequences aclosedheadnjury (CHI). This pathologyis known to
imply aconstellatiorof symptoms Primarylinguistic processeareusuallypreservedalthough
with possible exceptions, such as specific anomia: Semenza& Zettin 1988, 1989).
Communicativeskills, however,areoftenimpaired(e.g.,JoanetteGoulet, Ska& Nespoulous
1986;McDonald 1992; McDonald & van Sommersl993; Sherrat& Penn1990). Theseindi-
viduals'discoursas often confusedanddisorganizedyith frequentintrusionof inappropriate
associations,stereotypical perseverationsjnsinuations, or indirect contextual references.
However,suchsubtlesymptomsare not easily definedin the absencef a soundtheory of
normalcommunicatior(Joanette& Brownelleds.1990).

CHI symptomsaretypically relatedto diffusedtissularsufferance pr axonaldamageThus,
theycanbehypothesizedo resultfrom the impairmentof manydifferent subsystemsrhis fits
our currentinterestsjuitewell: we do not aim hereat associatingspecific deficits with specific
foci, butatexploringhow communicationahighly sophisticategprocessyuaranteedo involve
anumberof differentskills andsubsystemsnaybeaffectedby braininjury.

As regardsthe methodssuitablefor investigationdn this area,we wantedour protocolsto
leavethe subjectsperformanceas unconstraineds possible.Communications a peculiarac-
tivity, which seldom,if ever,prescribesinythinglike a"correctanswer"mostof thetimes, the
ultimate meaningof an utterancels a matter of negotiationbetweenthe actorand the partner
(Recanatil995;Tirassal997).Also, openjudgmentstasksarestrongly suggestedn the study
of CHI for neuropsychologicalasonsas Shallice& Burgess(1991) point out, standarcheu-
ropsychologicatestsareunlikely to be usefulin this syndrome becausé¢hey tendto provide
for exactlythekind of structurghesubjectacks.

We choserelatively simple andwell-definedtasksbecauseve wantedthe resultsto be as
clear as possible.Becausehe coordinatesof the groundwe are moving on are largely un-
known, it is necessaryo startwith an assessmerdf somevery basiccapabilitiesbeforecon-
sideringmorecomplexaspect®f thetheory. Our first concernwas thereforeto understando
whatextentthefundamental®f communicativeability wereimpairedor disrupted.

Thus,thetaskshadto be bothsimpleandunconstrainedMost of our protocolsconsistedn
somevariationon astandaralesign,whichwe will briefly describan the nextsubsectionThe
variations,aswell asthefew protocolswhichweretruly different,will be describedn therele-
vantsectiondelow. Ourexperimentexploredifferentaspect®f thetheory,namely:

¥ thestandaracomprehensiopathandtheproblemof directvs. indirectspeeclacts;

¥ two nonstandargaths,namely,irony ard deceits;

¥ for eachof thecategoriembove failuresandtheirrecovery;

¥ theability to makeinferencesaaboutanothernndividual's mentalstatestheseso-calledtheory
of mind inferencesalthoughnot communicativeper se play nonethelesa majorrole in the
generatiorandcomprehensionf communication.

Mostof our tasksweredesignedo exploreinferencesn comprehensiorhecausenostthe-
oriesof pragmaticshavebeendevelopedbasicallyfrom an understander'point of view, and
oursis no excepion; mostrelevantwork in neuropsychologyasfocusedon understandings
well. A subsebf protocolshowever,dealtwith someaspectof generationjn particular,with
deceitsandwith failure recovery.

4.2 Method
Thestandargrotocolis asfollows. Thesubjecis shownshort(10-25sec)sceneson a video-

taperecorder Eachscenenvolvestwo charactersn an everydaycontext,suchasa typical liv-
ing room;abrief andsimpledialogueoccursbetweerthemaboutsomesimpletopic or event.A
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sampledialogueis the following (takenfrom the protocolsaboutindirect speechacts, see
Sectiorb below):

[4] Child: Canl ridemy bike, Mom?.
Mother: It hasabrokenwheell

Needlesgo say,theactualsessiongook placein Italian: here,we aretranslaing everythinginto
English.For thesakeof convenienceurther,we will conventionallyusethe feminine form for
the experimenterandthe masculineform for the experimentakubjects.Actually, sexeswere
equallydistributedin eachcategory.

Immediatly aftereachscene the subjectis askedto reporthis understandingf it, or what
hethinksmight happenmmediatelyafterthe episodeportrayed.In [4], the experimenterasks:
"Whatdid Mom meanby that?". Thegoalis to understandvhetherthe subjecthas correctly
analyzedhetwo utterancesin particular,whetherhe hastakenthe mother'sanswerasimply-
ing thatthe bicycle cannotbe used.In orderto passthe task, thus, the subjectcanrespond
anythinglike "Thatthechild cannoigo out", or "Tha shewantshim to stayat home", or "That
he'll haveto repairit”, andsoon.

In orderto avoidthe superimpositiorof possibleshort-termmemoryimpairmentsthe sub-
jectcanreviewthe scenewheneveihe wants,with no limitation on the numberof repeitions.
Thesubjecis left freeto interpretthe episodein whatevemway he likes, without any interven-
tion on the partof the experimenteandwithout any time constraint,until he sayshe hasno
moreremarkgo make.Then,heis shownthenextscene.

Theexperimentetakesnoteof all theanswersgyivenby thesubject,in theirrespectiveorder.
Further, the whole sessionis tape-recordedThe tapeis later reheardby two independent
judges,in orderto be certainof the subject'sinterpretationandto avoid possiblebiaseson the
partof the experimentersThe judgeswere two speechtherapists;they were well acquainted
with CHI in generalandwith the specific subjectdn particular,but blind with respecto both
thetheoreticalapproactandthegoalof theresearch.

In the caseof anunclearanswer(i.e., onefrom which the subject'scomprehensiomannot
beclassifiedascorrector incorrect)theexperimenteposesadirect, closedquestion,askingthe
subjectto chooseamongthreedifferent proposednterpretationsof the sceneoneis the "cor-
rect” interpretation,i.e., the one most peoplewould reasonablygive; oneis just literal, but
plausibleanyway,andonemakeso sensen the currentcontext. The orderof presentatiorof
theseoptionsis randomizedE.g.,in [4]:

"inferential": Mom meanghatthechild cannogo out;
"literal”: Mom meanghatthewheelis broken;
"out of context":Mom meanghatDadis cominghome.

However,we neededo resortto thesesubprotocol®nly in four cass (two complexindirect
speeclactsandtwo ironies,seebelow), which makeghis pointsubstantiallyirrelevant.

Therewere21tasks.Theirorderof presentationvasrandomizedor eachsubject.The aver-
agetime for thewhole protocolwasapproximately30 minutes.

4.3 Subjects

Theprotocolswvereadministeredndividually to 13 patients 6 femalesand7 males,with severe
CHI of traumaticorigin, who hadbeermadmittedto the hospitalfor post-acuteneuropsychologi-
cal, motor, andspeecltrehabilitation.None of themhada previoushistory of neurologicalor
psychiatricdisturbanceThedemographi@ndclinical characteristicef thesubjectsarereported

1In mostprotocols,the characteraremotherswith children, or couplesof childrenandsometimeswe also
usedmarionettesTo usesuch"childish” protocolscouldimply somerisk of emotionaldiscomfort,since CHI
subjectsaretypically veryyoung (the meanageof our subjectswas less than 23) andsometimesmishandledby
physicianstherapistsandcaretakersThis wasnot the casewith our subjects:all of them weregladto partici-
patein the experimenandenjoyedthe noveltyit representedThis might havebeendueto their previousconfi-
dencewith the cardully trainedpersonnebf the hospital.We thank Claudio Luzzatti (personakommunication)
for pointingat this potentialproblem.
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Subject Age Sex Years of  Preinjury voca- Months Days of CT scan
education tional status  post onset coma (frontal, temporal,
parietal, occipital)
1 19 M 10 mason 26 150 FT left
2 23 M 13 student 65 30 FT left
3 27 F 13 secretary 17 15 F bilateral, O right
4 27 M 10 student 145 30 T right, F bilateral
5 19 F 12 student 27 100 Diffused
politrauma
6 35 M 11 electronic 63 22 FT left
technician
7 18 F 8 serigrapher 7 10 T right
8 24 M 18 student 2 0 O bilateral
9 16 M 10 student 4 8 Diffused axonal
trauma
10 19 F 13 student 5 40 T right
11 17 F 10 student 16 20 O bilateral
12 23 M 10 workingman 19 60 FP right
13 31 F 12 secretary 38 20 T right, FT left

Table 1.Demographic, neurological and neuroimaging data.

in Table1. Thecontrolgroupconsisteaf the samenumberof individuals,of comparablesex,
ageandeducationandhavingno historyof neurologicalor psychiatricdiseasegr of alcoholor
drugabuse.

The subjectsweretestedon a numberof languageand cognitive skills; the resultsare pre-
sentedn Table 2 andbriefly discussedn Section9. We will only notice herethat, although
somesubjectgpresentechnimpairmentin metalinguisticskills, andsometimesanomiaaswell,
noneof themhadanysymptomof aphasia.

Aphasiaimpairscommunicatiorat a relatively low level, througha damageto thelinguistic
executionof decisiongakenat the communication(i.e., pragmatic)level. High-level commu-
nicative competenceon the contrary, is often reasonablyspared(Feyereiser& Seron1982;
Foldi, Cicone& Gardner1983; Guilford & O'Connor 1982; Holland 1982; Joanette&
Brownell eds.1990; Penn 1987;Penn& Cleary1988). Theseresultshaveled to therapeutic
approachesimed at the enhancemenodf alternativecommunicativechannelge.g., Davis &
Wilcox 1981,1985;Howard& Hatfield 1987),in additionto the moreclassicalattemptsreha-
bilitation of strictly linguistic functions.

Theseaesultsarein perfectagreementvith our theoreticalapproachWe considercommuni-
cationasa high-level competencewhosebehavioralexpressions realizedthroughan under-
standablecombinationof any possille meansof expression.Languagegestures,drawings,
andsoon, all may be usedfor communicativepurposesHow a personcommunicatesill be
affectedby animpairmentof oneof thesemediaandparticularly of sucha preeminentone as
languageputonly insofarasthe damagempedeghe externalizationof the individual's mental
states.Communicatiorandlanguagecanandshouldbe keptindepedentof eachother, as is
also maintainedby Chomskyanlinguistics (Chomsky1980) and by many studiesin animal
cognition(e.g.,Burling 1993;PremackL986).

5. The standard path: direct vs. indirect speechacts

Letus now turnto amoredetailedanalysisof the experimentsTo repeatwe exploredthe fol-
lowing issues:



Subject Wechsler Adult Intelligence Scale (WAIS) subtest
Picture Block design Picture Picture IQ performance
completion arrangement assembling
18 N N N N N
2 12 12 11 13 60
3 8 9 3 5 112
4 11 11 8 5 80
5 12 9 6 7 89
6 11 10 9 14 105
7 8 7 6 9 79
8 11 14 12 15 114
9 8 10 12 11 102
10 11 13 16 12 102
11 7 6 4 7 74
12 8 7 0 3 61
13 11 9 6 7 88
Subject Frontal lobe tasks
Verbal fluency Sentence Free Proverbs
(colors, fruits, contraction association interpretation
animals, cities)
1 9.5 13 5.5 12
2 16.5 18 8 15
3 2.8 12 3.8 12
4 13.5 18 8 14
5 12 18 8 15
6 12.5 9 8.5 14
7 10.25 9 5.25 14
8 17 15 15.25 15
9 15.75 15 11.5 15
10 12.25 17 16.25 15
11 6.7 9 4 11
12 8.25 16 3.25 11
13 15.75 11 11.8 12
Subject Comprehension Memory
Token test Verbal gramm. Verbal span Spatial span Story recall
compr. (%)
1a 35 97 4 N 12.56
2 36 100 5 7 26.4
3 30 70 3 4 22.3
4 36 100 4 5 25.3
5 35 97 3 5 8.74
6 36 100 4 5 26.24
7 35 100 3 5 16.89
8 36 100 4 5 24.3
9 32 100 4 6 23.66
10 36 100 5 7 16
11 30.5 98 4 4 12.07
12 36 100 5 5 12.03
13 35 98 6 5 18.7

& Subject 1 could not perform some tasks because of a Wolkmann syndrome with right arm paral-
ysis

Table 2a.Neuropsychological data (1st part).
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Subject Raven Attentional
P. 48 (%) visual search
1 85.4 15
2 88 58
3 41.7 13
4 87.5 55
5 75 53
6 95.83 40
7 81.25 46
8 83.32 56
9 93.75 32
10 75 51
11 58.3 34
12 47 13
13 83.3 57

Table 2b.Neuropsychological data (2nd part).

¥ directvs. indirectspeeclacts,andrelevantfailures(this section);

¥ two differentnonstandarg@aths,namely,irony anddeceitsandrelevantfailures(Sections
and?7);

¥ theoryof mindinferencegSection8).

We will preseneachtopic separatelyillustrating its relevancejts role within our theoretical
approachthe experimentswith therelevantpredictions,andtheresults.A generaldiscussion
will follow in Sectior®.

This sectiondealswith the standardcomprehensiorpath: given an actor's utterance the
partner'daskis to understandts relationto thebehaviorgamein play, or to a newly proposed
one. lrony anddeceitsaretwo different nonstandargbaths:in both cases,thereis something
moreto the utterancethanwould seemat a superficialglance.We also exploredthe subjects’
performancen thefailuresof eachof thesehreecomprehensiompaths,in orderto asses$o0s-
sibledifferenceswith the performanceon therelevantcasesf successTheoryof mind infer-
encearesomehowdifferent:theability to reasoruponotherindividuals mentalstateds ancil-
lary to communicatiorrathethancommunicativgperse Wedecidedto exploreit becaus®f its
heavyinvolvementin dialogue;further, asfar aswe know, it had neverbeentestedin these
neuropsychologicgbathologies.

Ouradopedtheoryallowedus to makequalitativepredictionsWe expectedge.g.,thatsome
typesof utterancesvould turn outto beeasieto understandhanotherones,or harder,andso
on. A competence¢heoryclearlydoesnotallow to formulatepredictionsof aquantitativenature.

To understandtommunicationis to infer an actor'smeaning startingfrom the observation
andanalysiof whatevebehavioof herscanbe considereg¢ommunicativwhatwe call literal
meaning. Mosttheoriesof pragmaticsandall the few relevantneuropsychologicainvestiga-
tions, adopta Searlearview of speechactsunderstandingSearle(1975) draws a distinction
betweerdirectandindirectspeeclacts.A directspeechact is performedwhentheliteral mean-
ing of an utterancecorrespondsstraightforwardlyto its intendedone (in our terms, to the
speaker'sneaning).E.g., giventheintentionto inducethe partnerto closethe window, the
correspondinglirectspeeclactwould betheutteringof animperativesentence:

[5] Closethewindow.

A speechactis indirect whentheliteral meaningandthe speaker'sneaningof an utterance
donotcorrespondThus,any of anindefinite numberof sentencesaybe usedasan indirect
requesto closethewindow:

[6] a.Canyouclosethewindow?
b. Wouldyou pleaseclosethewindow?
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c. | wonderwhetheryou would besokind asto closethewindow.
d. Thewindow is open.

e. Whataboutthatwindow?

f. How coldin here!

g. Havel evertold you thatmy grandfathediedfrom pneumonia?
h. Comeon, Johnny beapolite kid.

E

Accordingto Searle theinterpretatiorof [5] is straightforwardn any standarccontext.The
correct comprehensiorof any utterancein [6], on the contrary, dependson the previous
recognitionof the contextal inadequacyof a literal interpretation.E.g., in [6a], the under-
standehasto realizethatan actress'sloubtabouthis physicaland mentalcapabilitiesis rather
unlikely in the currentcontext,and wonder what elsethe actressmight have meant. Seale
(1975) also outlines the inferential path supposedo allow for the recoveryof the indirect
meaning;Perrault& Allen (1980)give a computationalreformulationthereof. The machinery
neededo recognizethe contextualinadequacyof theliteral interpreation can be providedfor
by, e.g.,themaximsof conversatiorthatGrice (1975)derivedfrom his cooperativerinciple.

A similar explanationsupposediyholds for otherkinds of nonliteral interpretationas well
(e.g.,conversationaimplicatures,irony, etc.). The basicalgorithmremainsthe samerecover
theliteral illocution and, if thisis contextuallyinappropriatelook for anacceptablalternative.

This model, however, posesa numberof problems.First, it dependscompletelyon a
straightforwarddentification of communicationwith language:how to distinguishdirect and
indirect ways to gesticulate’E.g., is a "meaningful’ gaze,accompaniedy a slight movement
of theheadandaraisingof theeyebrow,moredirector indirectthanawindow-orientedwaving
of thehandwith a grumble?Evenwithin the boundarief a linguistic analysis,anyway, it is
not at all clearhow to arrangeall literal illocutions with the threesententiaimoodsallowedby
many languages/talian and Englishincluded (affirmative, interrogative and imperative), or
how to handleelliptical sentence¢ ' The window my God!"). The basicalgorithm has also
beencriticizedfor its cognitiveimplausibility (Clark 1979). The underlyingassumptiorthatthe
illocutionarylevel hasanontologicalstatusof its own maybe questionegswell (e.g.,Cohen
& Levesqud 985,1990;Sperbek Wilson1986).

Ourposition,asshouldbeapparenafterSection3, is thatthereexistsno illocutionary level
assuch;and, consequentlythattherecan existnothinglike anindirect speechact-or a direct
one. Everyinstanceof dialogueunderstandingnvolvesinferential activity: in no way canan
utterancebe understoodvith no inferencegakingplaceat all (seeGazdarl981 and Levinson
1983for furtherargumentsn favor of inferentialtheorief pragmatics)Accordingto our own
theory,anagent'sobservedehaviolis understoodiscommunicativewhenits role in a behav-
ior gamehasbeeninferred,andthat'sall. Whethersuchbehavioris a linguidic utterance(and,
if so, whetherit is affirmative, interrogative,imperative,elliptical, etc.), or a gesture,or a
drawing, is irrelevant;andwhetherit is moreor lessstraightforwards not a matterof direct-
nessor indirectnes®f theillocution, butof the difficulty of the inferential chainneededo rec-
ognizethegameproposed.

Torejectthe differencebetweerdirect andindirect speechacts,indeed,doesnot imply that
all utterancesareequally easyto understandThe choiceamongthe variows utterancesn [5]-
[6a-h] maymakeabig difference:someof themarequite easyto understandn everydaycon-
texts;otherdess;andsomemay be really hard. Analogously,we all havea rich experienceof
conversationsvhereeverysingleword hasan unckarmeaning;political as well as academic
debatesnay be a very slippery ground, but not for reasonsof "indirectness"as definedby
Searle.

Therearea few neuropsychologicalvorks on indirect speechacts(in particular,on pseu-
doidiomatic indirect requests, such as those in [6a-b]): e.g., Foldi (1987), Heeschen&
Reischies(1979), Hirst, LeDoux & Stein (1984), McDonald (1992), McDonald & van
Sommers(1993), Weylman, Brownell, Roman& Gardner(1989), and Wilcox, Albyn &
Leonard(1978).In her review of this literature, however, Stemmer(1994) remarksthat the
phenomenainderinvestigationare neverdefinedclearly or formally andthat, for this reason,
no finding, albeit suggestive has a clear meaning.She also points at somedifficulties with
Searle'snodel, suchasthenotion of "levelsof indirectness'(i.e., thefact, discussedabove,
thatnotall indirectspeeclactsareequallydifficult to understand).
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All theseempirical findings seemto provethatindirect speechactsaremoredifficult to un-
derstandthan direct ones. Theseresultsarein agreemenwith Searle'sapproach.Our data,
however,arequitedifferent: we found no evidencefor a differencebetweerdirect andindirect
utterancesOurprotocolscomprisedwo differentseriesof datarelgdedto indirectspeectacts.

5.1 Observationsin the wild

As afirst thing, beforestartingthe formal experimentalsessiontherewas a short, informal
phaseduringwhichtheexperimentetriedto putthe subjectat ease,"preparedhe material for
the experimentsexplainedwhat was going to happen,etc. During this informal phase,she
nonchalantlyaddressethesubjectwith bothdirectandindirectutterancessomeof which were
indeedpartof theexperimenitself:

[7] Directspeectacts
a. Whatareyour nameandyour age?
b. Aretheinstructionsclear?
c. Tell mewhetheranythings unclear.

[8] Indirectspeectacts
a. Will you seesomescenavith me?
b. Doyouknow thetime?
c. Canl havethatvideo?

The other experimenter sitting by the first one and "filling in modules”, was actually
evaluaing the subject'sreactionsto the different classesof utterancesmarking them as
adequat®r inadequate.

It hasto benoticedthat, althoughthe "indirect” formsin [8] areseldom,if ever, usedliter-
ally, theyaredefinitely notidioms(aswould be, for exampletheexpressiorito kick the buck”
usedinsteadf "to die"). Sincetheirliteral interpretationrcannote ruled out in principle,forms
like [8] areindeedconsideregbrototypicl indirectspeeclacts,to the point thatmostof the ex-
amplesdiscussedn philosophyof language(Searle1975), artificial intelligence (Perrault&
Allen 1980) and neuropsychologyFoldi 1987; Hirst, LeDoux & Stein 1984; Weylman,
Brownell, Roman& Garcdher1989;Wilcox, Albyn & Leonard1978) belongto this class. It
alsohasto benoticedthatformslike thosein [8] are,asfar asit is known, universallydiffused
in humanlanguage¢Brown & Levinson1987;seealsoLevinson1983for furtherdiscussion
andarejectionof theidiomaticinterpretatiorof indirectspeeclacts).

Thus, theoriesacceptinghedirect/indirectdistinctionwould reasonablyredictthatthe utter-
ancesn [8] imposeagreatelinferentialload on the understandethanthosein [7]. Our predic-
tion, onthecontrary,wasthatno difficulty shouldbe encounteredvith either class,becausef
theobviousnes®sf thebehaviolgameproposed.

We wantto emphasizeéheimportanceof theseobservationsn thewild. Communications
no formaltaskto humanbeingsyather,it is a meango engagen, and maintain,socialinterac-
tionswith otherindividualswho areactive plannersandunderstanderms theirturn. Thus, an
individual's taskis definitely not to solve a technical problemaboutlanguage,but to involve
otherindividualsin thecooperativeactivity of conversatior(e.g.,aphasicstommunicativeper-
formanceis knownto bereasonablgatisfactoryin everydaycontextsjn spiteof their linguistic
impairment.deBleser& Weismanl986).Protocolq7] and[8] aimedat exploringspontaneous
(understandingf) communicationn informal contexts A similar procedurenight havebeento
askthesubjectstelativesto providefor the samekind of evaluation;however,they could not
beexpectedo adequatehhandleformaldefinitionsof directvs. indirectspeeclacts.

5.2 Standard experiments

We alsomadeexperimenton indirect speechactsduring the formal sessionwith scenedike
thosedescribedn Sectiord. The contextsconsiderederewererelatively more difficult than
thosein [7]-[8]. Difficulty, asdiscussedbove,depend®ntheinferentialpathneededo getto
the speaker'sneaningfrom the literal meaning.As is commonin linguistics, we rely on a
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sharedackgrounc&amongthe expeimenter,the subject,andthereader,to guaranteeur intu-
itionsaboutwhatshouldbeeasieor harderfor anindividual in everydaycontexts.
Theprotocolswereasfollows:

[9] Child: "Mom, canl ridemy bike?".
Mother:"It hasabrokentire”.
Comment:thisis theexamplewe discusse@s|[4] above.Thetaskis passedf the subject
realizeshatMom will notallow thechildto usethebike, or thatsheis remindinghim that
hewill haveto repairit.

[10] Child: "Mom, canl havesomechocolate?".
Mother:"You havealreadyeatentoo much”.
Comment:ithetaskis passedf the subjectunderstandshatthe child will be given no
morechocolate.

[11] (Thecharactergrelookingoutsidethroughawindow).
Child: "Mom, let'sgo outandplay".
Mother: "It's raining”.
Commentthetaskis passedf thesubjectunderstandthatthe characterswill not go out,
or thattheywill haveto takeanumbrellawith them,etc.

In eachcase therearetwo indirect speechactsto be interpretedsinceboth the child's re-
guestsandthe mother'sever-repressingnswersareindirect speechactsaccordingto Searle's
definition. This shouldputa considerablenferentialloadon the interpretation and our subjects
wereexpectedo encountemoreproblemswith [9]-[11] thanwith [8].

5.3 Failures of indirect speechacts

Thethird seriesof protocolson indirect speechactsaimedat exploringthe subjectsability to
handlefailures.Communicatiorfails whenevert doesnotachievethegoalsit was plannedfor.
Different classe®f failuresmay be distinguishedaccordingto what phasefails (Airenti, Bara
& Colombetti1993b).Theconversatiorgoalto letthe partnerunderstandails when he misun-
derstandshespeaker'sneaningpr whenheunderstandeao meaningatall. Thebehaviorgoals
to playone'sown role in a game,andto inducethe partnerto do the samein his turn, fail re-
spectivelywhenthepartnerefusedo acknowledgeheagent'snoveasavalid one,or whenhe
refusego do his part.

We usedtwo sceneshereregarding respectivelythefailure of a direct and of an indirect
speeclact:

[12] Direct speeclact
(Child B is takingcandieut of abox andeatingthem).
Child A: Givemeacandy.
Child B: No.

[13] Indirectspeeclact
(Thewindow is closed).
Child A: Canyou openthewindow?
Child B: No.

Thesubjecis askedvhatChild A cando to recoverfrom the failure. Strategiedor recovery
dependn theperceivedcauseof thefailure. To just realizethatsomethinghasgonewrong is
notsufficient:it is alsonecessaryo understanavhathasgonewrong.E.g.,in the caseof are-
guest,it may havehappenedhatthe partnerhasnot heardit, or hasnot understoodt, or has
misunderstood, or is unwilling to complywith it, etc.

Sinceafailure maybe dueto any of anindefinite numberof possiblecausegwhich canbe
seenasa reformulationof the infamousqualification problemand frame problem McCarthy
1980; McCarthy & Hayes1968),we let the subjectdree to makehypothesesbou the situa-
tionsproposedandthepossiblevaysout. Thus,anappropriateanswercouldbe somethinglike
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"Shecanpromisesomethingo theotherchild if he giveshera candy"andso on. Theanswer
"She canaskagain"was considerecambiguous,becausat doesnot discriminatebetweena

simplerepetitionof thefailed utterance(which would be appropriateonly if the partneris sup-

posednotto haveheardthefirst attempt),andthe planningof a different one (suchas"Come

on, you haveso manycandiesard | justwantto tasteone"). In this case,the experimenter
askedhesubjecexactlywhatsentencdethoughtChild A would utter.

Consistentlywith our hypothesison direct andindirect speechacts,we expectedno differ-
encedetweerj12] and[13]. In fact, both casesaresimple speeclhacts. We predictedtherele-
vantinferencego besavedat leastin part, becausa dramaticlossin theability to handlefail-
ures(bothof one'sown andof thepartner'svould severelynampeisocialinteractions.

However, we expectedthe subjectsto encountermore difficulties with thesesceneghan
with the successfubnes,becaus@f the greaterattentionaland inferential load neededor an
appropriatehandlingof failures.Whena failure occurs,the actorhasto realize that what the
partnetthinksis notwhattheactorwantecdhim to think. Further,the adoptionof a strategyfor
recoveryis a form of planning,and CHI patientsoften suffer from animpairmentin planning
skills, speciallywhenthefrontallobesare involved.

A coupleof answerssoundedike "Child A canbeatChild B andtakethe candies".We de-
cidedto considertheminappropriatebecausef theirinappropriateness the friendly context
presentedTherepairof a communicatiorfailure cannotinvolve whateveraction may achieve
thedesiredyoal, but mandate$or amoresubtleform of planning.

5.4 Results

All our predictionswereconfirmed,asshownin Tables3 and4. The controlgroup solvedthe
taskswithout any problem.None of our subjectanadea singleerrorin understandingimple
speeclacts,eitherdirector indirect.As predictedby our theory,andin sharpcontrastwith the
findings of previousresearchall the CHI subjectscomprehendedll sentencesn the wild,
withoutregardo thar directnes®sr indirectnessAs regardscomplexindirectspeechacts, there
were37 correctanswerutof 39 (13 3) items.2 subjectsnadeone mistakeeach(5% of the
total), which is not statisticallysignificant; further, both were ableto pick the "inferential" an-
sweroutof thethreepossibilitiespresenteth theclosedudgmenttask.

Thesefindings are fully consistentwith our theoreticalapproach.They, on the contrary,
contradictall previousneuropsychologicalesearctand underminethe traditional approacho
speeclactsin termsof illocutions. If cognitively impairedsubjectspresenino differencein the
comprehensionf directandindirectspeeclacts,thenthereis no reasonto think thatthe latter
imposea greaterinferential load thanthe former, aswould be predictedin a Searleamperspec-
tive.

Thedifferencebetweerour resultsandthosefound in the literatureneedsbe explained We
substantiallyagreewith the pointsmadeby Stemmer(1994)in her review: previousresearch
was inadequatdrom both a theoreticaland an experimentalviewpoint. The topic of indirect
speechactswas not integratedin an overall approactto the pragmaticsof communicationthe
kind of indirectspeeclactsconsideredhad not beendefinedsatisfactorily andthe strict adher-
enceo Searle'sanalysigreventedany discussionaboutthe "level of indirectness'of the vaii-
ous utterancegi.e., abouttheir difficulty). This theoreticalconfusionmirrors in the frequent
ambiguityof theprotocolsused.

Further, previousresearchnvariably used closedjudgmenttasks, which havetwo major
drawbacksThefirst is thattheyare toorigid to allow a satisfactoryexplorationof the subject's
interpretationof a situation (Stemmer1994). The secondhas beendiscussedabove:closed
judgmenttasksaregenerallynot recommendedn CHI, because subject'difficulties may be
maskedf hecanexploitthestructureof thetaskinsteadf imposinghis own oneon it (Shallice
& Burgessl991).1t mustbenoticedthat,asaconsequenceysing openjudgmenttasksshould
yieldaworse ratherthanabetter performancen CHI subjectsj.e.,theoddswereagainstus.
Thus, thecontrasbetweerour dataandthepreviousonesis madeevensharper.

Finally, the neuropsychologicatharacteristicef the subjectsstudiedin previousresearch
wereoftenill-defined.

Wetriedto avoidall theseproblems.Throughouthis work, we makeuseof a well-defined
theoreticalpproachWeaimatexploringa two-way relationshipbetweerpragmaticsand neu-
ropsychology Ontheonehand,we arelooking for a coherenttheoreticalframeworkin which
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to integrateclinical findings abouthumancommunicationpn the otherhand, we hopeto find
clinical evidencen supportof the particularframeworkwe haveadopted.Thus, we arguethat
Stemmer'sconcernsare undebatableand that unambiguou<linical resultscanonly emerge
throughthe useof strongtheoreticalfoundations.As regardsthe particularproblemdiscussed
in thissection,indirectspeechacts,we alsoarguethat Searle'snodelcannotprovidefor such
foundations.

Ourresultson thedirect/indirectcontraversymaygiveriseto anobjection whichwe needto
ruleout. The objectionis thatour tasksmight havebeentoo easyfor our subjectsnot to pass
them.,i.e., thatwe might haveincurredin a ceiling effect. This hasbeenhypothesizedoth by
Marco Colambetti(personatommunicationandby oneof thereferees.

Wedo notview this pointaspertinent.The theoreticaldifferencebetweerdirect andindirect
speechactsis qualitative,not quantitative.ln the direct case,no inferenceis supposedo take
placebeyondtherecoveryof the literal meaning:theresimply is nothingmoreto the speaker's
meaningthantheliteral meaningsothatunderstandinghe latter correspondstraightforwardly
to understandinghe former. In theindirect case,on the contray, the pathto be followed is
rathercomplex:oncethe literal meaninghas beenrecovered,ts contextualinappropriateness
must be recognizedand a different, nonliteral meaningmust be looked for (Searle1975).
Within therangeof indirect speechacts, quantitativedifferencesin difficulty are supposedo
obviouslyexistin a continuum,but this hasseldombeenperceivedas particularly interesting
(Stemmerl994).

In thisframework,it seemgjuitereasonableo look for neuropsychologicatvidenceon the
borderbetweerthe directandtheindirect cases,ratherthanin somerandompoint alongthe
quantitativecontinuumof indirectspeectlacts.Indeed,this is exactlywhathasbeencommonly
done:the evidencefound in previousresearchmostly concernsthe difference betweendirect
speeclactsandvery simpleindirectspeectacts,i.e., the predictedqualitativethreshold.Of the
five mainreference®n thistopic, thus,three(namely Hirst, LeDoux& Stein1984;Weylman,
Brownell, Roman& Gardnerl989;Wilcox, Albyn & Leonardl978)only testedutterancedike
"Canyoudo X?"vs."Do X"; thelevel of difficulty is the sameof our "simple" protocols.The
remainingtwo studiestestedalso (Foldi 1987),or only (Heescher& Reischiesl979), more
difficult uttemncesputnotharderthanour"complex"protocols.

We exploredboth the qualitative breakpoint(i.e., the difference betweendirect and simple
indirectspeeclactsitasks[7] vs.[8]) andthe quantitativecontinuum(with somemoredifficult
tasks]9]-[11]). As regardgheformer,ourtaskswereatthe standardevel of difficulty of pre-
viousresearchasregardghelatter,theywereatthelevel of difficulty of themostdifficult tasks
usedin previousresearchWewill alsoremind,onceagain,thatwe usedopenjudgmenttasks,
whereasall the previousresearchusedclosedtasks;this meansthat our taskswere actually
moredifficult to CHI patientsthanthosepreviouslydesigned.

A Searleamapproachn termsof illocutions would havebeenvalidatedby a significantdif-
ferenceacrossthe predictedthresholdbetweerdirect and simple indirect speechacts, i.e., be-
tweentasks[7] and[8]. The differencebetweerour resultsandthe previousonesis thatwe
found no differencehere.If no experimentalbreakdowncan be found acrossa theoretically-
motivated qualitativethreshold,thenthereis no reasornto supposethat suchthresholdreally
exists.Thus,thepointis notthatour datahereshow no difference but thatwe were not look-
ing for statisticalsignificancehere.Oncethestandargredictionis disconfirmed,our theoryap-
pearsmoresuitablethanthe competingones,becauset deniesthe very ideaof a qualitative
threshold.

As regardsthe quantitativecontinuumof indirect speechacts(tasks[8]-[11]), we found no
statisticallysignificantdifference Suchdifferenceis morelikely to be found with moredifficult
utterancegsuchas[6g-h] above) butthisis irrelevantto thepresenstudy. Whatwe aresaying
is notthatCHI subjectshaveno inferential problemsin communicationput thatour approach
candescribeandexplaintheirproblemsetterthantheclassicaillocutionaryframework.

Ourtheoryallowsfor breakdownsn the individual performanceat any degreeof difficulty,
becauseve deny the existenceof qualitative differences:there are always inferencesto be
drawnin understandingommunicationAs the difficulty of theseinferencesncreasesbreak-
downsin the individual performancesvill becomecorrespondinglynorelikely, andthat'sall:
therecanbe no specific breakingpoints. Wherecompetingtheorieswould predict a specific,
theoretically-motivatedreakingpoint, we found nothing at all. While this crucial negative
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finding hasno explanationin standardheories,it hasa simpleonein ours:theinferentialload
is toolow to poseproblemgo CHI subjects.

6. Nonstandard path I: Irony

After recognizingtheliteral meaningthepartner'daskis to understandhe speaker'sneaning,
I.e., to comprehendhe actor'scommunicéive intentions.In this phase,the partnermay also
recognizeéheactor'sattemptto pursuea nonstandargath.

Many nonstandargathsinvolve someform of exploitation. The term exploitationis bor-
rowed from Grice's(1975)discussiorof how his maximsof cooperationcanbe exploited to
conveyconversationalmplicatures.Analogously,the rulesof the modelproposedoy Airenti,
Bara& Colombetti(1993b)can be exploitedto leadthe dialoguetoward nonstandargaths.
Irony is the mostcommonexampleof exploitation; othersareas-if situations,metaphorshy-
perbolesgetc.

Here,our discussiorwill berestrainedo thesimplestcase®f irony, suchas:

[14] Youhavebeensokind!

utteredto aclerkinsolentlyunwilling to complywith alegitimatereques
Whatmakegheutteranceronic is thatthe agentssharethatpreciselythe oppositeof its lit-
eralmeaningholds. This blockstheapplicationof therule statingthat:

SHyx DOx expresgx, BELx p) SHyx CINTxy p

(i.e.,in thesharedbelief spacejf actorx expressethebeliefthatp, thenby defaultsheintends
to sharep with y).

As shownby this simpleexamplegxploitationsareways to play with sharednesstatement
[14], obviouslyanironic onein thecontextdescribedywould betakenseriouslyif reportedto a
third personunawareof thespecificcircumstancesdn otherwords,anironicintent doesnot af-
fecthow rulesarechainedn asequenceyuthow theyareused.

Often(butnot necasarily)theironic intent canbe recognizedoy reversingthe meaningex-
pressedGrice's(1975)definition of irony is limited to suchsimplecasef reversal His posi-
tion, however,hasbeercriticizedfor two reasonsFirst, someironic statements&renot under-
stood by this simple rule. Sperber& Wilson (1986) report an excellent quotation from
Voltaire'sCandide "Whenall was over andtherival kings were celebratingtheir victory with
TeDeumsn therespectivecamps..." Further,Grice'saccounieavesinclearwhy p shouldbe
interpretedasanironic nonp, andnotasalie (Morgan1990).

Both Sperbe& WilsonandMorganoffer alternativeinterpretationsAccordingto Sperber&
Wilson, irony is "echoic",in thatit echoegheattitudesandthoughs of somebodyelsethanthe
speakeherselfaccordingto Morgan,irony is "transparenpretense’don the partof the speaker
to believethebizarrethingshehasjustsaid.

Ourthesisis thatthe only way to distinguishan ironic utterancefrom a seriousone s to
considernwhat knowledgethe actortakesto be sharedwith the partner.Actually, if the actor
wrongly believeshatsomecrucial pieceof knowledgeis sharedwith the partner,irony cannot
berecognizedLetus considetheexamplesve gaveto our subjects:

[15] (A childis building abig butquestionablybalanced_ego structure.A girl enterswho in-
advertentlydestroygheconstruction).
Child: "Thanksfor thehelp!"

[16] (ChildA istakingchocolateutof abox andeatingthem).
Child A: "This is thelastone"
Child B: "Canl haveit?"
(Child A unwrapsthelastchocolategatst andhandsheemptytinfoil to Child B).
Child B: "How generou®f you!"
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[17] (ChildrenA andB areracingin ayard. Child A wins; Child B arriveswith a remarkable
delayandpuffing).
Child A: "You runrealfast".
Child B: "Give meabreak!".

In eachcase thesubject'daskis to explainwhat, in his opinion, the child meantby her utter-
ance.To understanthethreescenesiehadto realizethatthe actorssharethe belief thatto de-
stroyatoy building is no helpful behavior,thata kind personshouldbe willing to sharewhat
sheis eatingwith other people(particularly after a requestthereof)and, respectively that a
fasterrunnershouldhavewon therace.Any answerfrom which it could be inferredthat the
subjechadunderstoodrony would beconsiderecatorrect,e.g.,"He wasjoking", or "He was
laughingattheotherchild" etc.

Our predictionswereof a certaindifficulty with thesetasks,for thereasonsve havemen-
tionedabovejn particular becausef the difficulty of handlingdifferent, possiblycontrasting,
representationsf the actors'mentalstates.This characteristias commonto all exploitations:
theunderstanddrasto keepin mindboththestandargathandthenonstandargathin orderto
comparehemanddecidewhatis goingoninsidethe actor'smind. Consequentlyywe expected
the subjectgo encountemoredifficulties herethanwith the standardpath, at leastas far as
simpleexamplesareconsideredh eachcategory.

6.1 Failures of irony

Irony, like any othercommunicativeact, mayfail. The protocolwe usedto testour subjects'
comprehensionf suchfailureswasthefollowing:

[18] (Child A wearsavery ugly anddirty T-shirt).
Child B: "Lovely shirtyou'rewearingtoday!".
Child A (rejoicing):"You can'thaveit".

The questionwe askedwas "WhatcanChild B do now?". Here, the subjecthasto under-
standthatthe Child B's intentionto beironic failed becaus Child A did not recognizeit and
took Child B's statemenseriously.

Weexpectedhe subjectdo encountemoredifficulties in handlingirony whenit fails than
whenit is successfulfor thereasongliscusse@boutthefailuresof the standardoath. Further,
we predictedfailuresof irony to be more difficult than failuresof the standardpath, for the
sameareasorwhy successfuirony was predictedto be moredifficult thanthe successfustan-
dardpath.In otherwords, we predictedthe following trends: (i) that nonstandargathsare
moredifficult thanthe standardbne;(ii) that, within eachcategory,a failure is more difficult
thanthe correspondinguccessfutasef{iii) that,asa consequencef (i) and (i), failuresof
nonstandarg@athsaremore difficult thanfailuresof thestandargath.

6.2 Results

Thecontrolgroupsolvedall thetaskswithout any error. Theresultsof the experimentalgroup
arereportedn Tables3 and4. Therewerethreeerrors(8% of theanswers)two of which were
correctedwith the closedjudgmenttask. This is only suggestiveof a certaindifficulty with
irony: in fact, thecomparisomwith thecontrolgroupis nearsignificant (Student's = 1.897,p
<.07).Theresultseemso confirmthat, on the averageCHI patients encountemo realprob-
lemswith simpleeverydaycommunicationOnceagain,it is an easyguessthattheywould be
lesssuccessfuin hardersituations.It is particularly difficult, however,to makequantitative
predictionswithin thistopic, since,as we all know, normalpersonshemselvesnay experience
someproblemswith difficult case®f irony.
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7. Nonstandard path Il: Deceits

The othertype of nonstandar@éommunicativesituationwe exploredconcernsthe relationship
betweerthe mentalstats communicatedy the actorand the private onesshe actually enter-
tains,or is supposedo entertain.

Airenti, Bara& Colombetti(1993b) define a deceitas a premeditatedrupture of the rules
governingsincerityin thebehaviogamen play. For example the Germanspy Mata Hari may
inform the FrenchgeneralNivelle thattherewill be a Germanattackto Verdun, althoughshe
knowsthattherewill beno suchattack.Her utterancas adeceitin thatthe gamesheis playing
with thepartnercommitsher to sincerity aboutthis kind of topic (althoughnot aboutany kind
of topic, of course).

Contraryto whathappensvith irony, a deceitmustpassundetectedo be successfulWhen
the partnerrealizesthatthe actoris attemptinga deceit,he may either denouwre it or pretend
credulity,while possiblyplanninga counterdeceitl hesesituationscorrespondo distinct men-
tal stateof thepartnerwhich canbeformally describedy different nestingsof the SH opera-
tor. Figure2 presentsomepossibilities While thereis no principledlimit to the complexity of
thesituations(i.e., to thenestingof the SH operatorinsidea sequencef BEL operators) hu-
mansareincapableof handlingdeceitsheyondasmallnumberof levels.

Actually, deceitsareamongthe most complexsocialphenomenaas is also shown by the
difficulty to provetheirpresencevenin nonhumarPrimateshowevercomplextheir sociallife
maybe (Byrne& Whiteneds.1988; Whiten & Byrne 1988).Deceitsrequireplanningandun-
derstandingntricate communicativeor behavioralstrategieswhich alwaysinclude explicit rea-
soningof themostcomplexkind aboutthepartner'snentalstates Accordingly, it is reasonable
to expectsomedifficulty in planningandunderstandingvensimpledeceits.

We decidedto partially changehe protocoldesignhere, becausescenesnvolving deceits
would be eithertoo long or too complicatedto understandWe usedone comprehensionask,
[19], andaskedhesubjectgo directly planandperformtwo otherdeceits]20] and[21].

[19] Whereis thering? ThePrincessandtheVillain togetheridearing. Bothexit. The Villain
sneaksn againandmovesthering to anotheplace thenexits.

Thesubjecis asked:

a. According to the Princesswherewill the Villain look for the ring when he comes
back?

b. Accordingto the Villain, wherewill the Princesslook for the ring when she comes
back?

Commentthesubjechasto understandhatboth expectthe otherto look for thering in
the original hideout, althoughone of them, the Villain, holds a different belief about
wherethering actuallyis.

[20] ThePrincessandthe Villain. The subjectis shown two puppets,the Princessand the
Villain. The Villain is thenput away. The subjectis told thatthe Villain is chasng the
Princessandis requestedb suggest hideoutto the PrincessThe Princesss hiddenin
the placechosenby the subject.Thenthe Villain enters,andasksthe subjectwherethe
Princesss. After the subjecthasreplied,the Villain exitsandthe subjectis askedto ex-
plainwhy hesaidwhateveihesaid.

Commentin orderto passthetask, thesubjecthasto lie, pointing the Villain to a wrong
place while letting him believeit is theright one.

[21] Chocolatesor biscuits? The subjectis shown somechocolatesand somebiscuits, and
askedwhich helikes better.Then, heis told thatthe Villain will alsochooseeither,that
he(theVillain) will choosdirst andthat,beinga Villain, hewill alwayschoosewhatthe
subjectwould choose.Thenthe Villain entersandasksthe subject'Which sweetdo you
like better?" Again, afterthesubjecthasreplied,theVillain exitsandthe subjectis asked
to explainwhy hehassaidwhathehas.

Comment:thetaskhereis to lie to the Villain aboutthe preferredsweet,so to havehim
choosethe lesspreferredone. In the evaluationof the performancethe possibility of a
doubledeceitmust also be controlled: the subjectmay supposethat the Villain would



22

x utters: "There will be an attack to Verdun tomorrow."
Let p = There will be an attack to Verdun tomorrow.
Assume that BELy Ap, i.e., x is attempting to deceive y.

SHyx p Successful deceit: y trusts x and assumes p to be shared.

BELy Ap Although y does not recognize the deceit, he does not believe p
BELy SHyy p anyway (e.g., he thinks that x is mistaken).

BELy Ap . The deceit is detected, but y believes that x has not realized the fail-
BELy BELyx Ap ure of her attempt.

BELy BELy SHyx p

BELy Ap The deceit is detected, y realizes that x has recognized the failure,
BELy BELx Ap but thinks that x has not recognized that y has understood that x has
BELy BELy BELy Ap recognized that the deceit was detected.

E

SHyx Ap It is shared that the deceit has been detected, e.g., because y has
denounced it.

Figure 2. Possible situations after an attempted deceit.

pecta deceit,thereforechoosingthe sweetthe subjecthad not indicated.In this case,
paradoxicallythetaskis passedf thesubjectdoesnotlie. No subjectpushedthe nesting
beyondthesecondevel.

7.1 Failures of deceits
Weexploredhefailure of deceitswith thefollowing protocol:

[22] (Child A hasatoy thatChild B alwaysasksfor himself. Therearetwo boxesin theliving
room, oneredandoneyellow. WhenChild A seesChild B coming, shehidesthetoy in
theyellow box. Child B enters).

Child B: "Could | haveabox?".

Child A: "Yes".

Child B: "Whichonecanl have?".

Child A pointsattheredbox.

Child B takegtheyellow box andgoesaway.

We askedhesubjectwhatChild A might do afterthis. As in the othercaseof failure, our
predictionwasof a poor performanceworsethanthaton the successfutase,andworsethan
thaton failuresof thestandargathandof irony. As we havediscussd, deceitsareamongthe
mostcomplexcognitivephenomena communication.

7.2 Results

Theresultsof the experimentalgroup arereportedn Tables3 and4; the controlgroup solved
thetaskswithoutasingleerror. Herewe find thefirst statisticallysignificantdifferencewith the
controlgroup, which is an unsurprisingconfirmationof our predictionsgiventhe heavyload
imposedy deceitson anagent'snferentialandplanningcapabilities Of the 13 subjects,errors
weremadeby two in [19], nonein [20], six in [21], andeightin [22]. Consideringhe success-
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ful deceitakenasawhole (tasks[19], [20], and[21]), thus,therewere8 errorsoutof 13 3
= 39 items (21% of thetotal). The comparisorwith the controlsubjectsis highly significant:
Student's = 2.889,p < .008**). As for thefailure (task[22]), therewere5 errorsout of 13

1 = 13items(38%);thecomparisorwith thecontrolsis highly significant: Student's = 4.302,
p <.0002**.

Decompositioninto subitemdringssomeinterestingresultasto therelative difficulty of the
tasks. Given our theoreticalanalysis,task[22] was expectedo be the hardest,becausat re-
quirestherecognitionof the failure andthe planningof a suitablestrategyfor recovery;in this
case further,bothinvolvearelatively complexnestingof mentalstates Task[21] alsoinvolves
a complexnesting,but shouldbe easierthan[22], becauséo plana deceitis simplerthanto
recognizeandrepaira failed one. We hadno way to predict the relative difficulty of the two
tasksremaining.Task[20] requireplanning,while [19] only requiresunderstandingln terms
of thementalstatesnvolved, however,[20] is easierthan[19], becausat requiresa single
nesting,whereaghelatterrequiregwo independentestings(namely,what eachcharactemwill
believetheotherwill believe).To sumup, we expectedneof two trendshere:

[19] < [20] << [21] < [22], or:
[20] < [19] << [21] < [22] f < .01**).

We exploredhesepossibilitieswith Page'sest(Pagel963). Thelatter is highly significant
(L = 246, p < .01**), confirming our predictionsandalsoshowingthatCHI subjectsfind it
harder ceterisparbus,to dealwith thenestingof mentalstateghanwith theplanning of simple
lies. Thistrendalsoshowsif only thethreesuccessfutaseq(i.e., [20] < [19] < [21]) arecon-
sideredPage'sestgivesL =81, p<. 05*.

8. Theoryof mind inferences

As we haverepeatedlydiscussedyunderstandingommunicationoften requiresreasoningipon
anothelagent'ssupposednentalstates.The skill to simulateanotherindividual's mentalstates
is peculiarto the humanspeciesand, possibly, to a few otherantiropomorphidPrimatessuch
aschimpanze€Premaclk& Woodruff 1978). At leastin our speciesjt seemdo requirea spe-
cialized, modularmachinerydubbedTheory of Mind Mechanism or ToOMM (Leslie 1987,
1994). A disorderin the developmenbf ToMM is associted with childhoodautism (Baron-
Cohenl1995;Baron-Cohenl.eslie& Frith 1985;Leslie & Thaiss1992),while its later disrup-
tion mightbeassociatedvith schizophrenigFrith 1992).

An activeToMM is requiredvhenevethecomplexityof the currentinteraction goesbeyond
whatis in theindividual'smemory,i.e., always, the exceptionsbeinghighly conventionaland
script-like contextgsuchasparticipatingin a ceremony or buying breadand milk), whereno-
bodywould seriouslywonderaboutthespeaker'snentalstatesunlesssomethingvery peculiar
happens.

Therearecurrently a largenumberof experimentaktudiesin this area.Most aim at under-
standingwhat species,besidehumans,possesghe ability to simulate conspecifics'mental
stateqge.g.,Byrne & Whiten eds.1988; Premack& Woodruff 1978;Whitened. 1991),or at
clarifying its developmenin thechild (e.g.,Astington,Harris& Olsoneds.1988;Perner1991;
Wellman1990;seealsoKarmiloff-Smith 1992for anoverview).

Although we aremoreintaestedin communicatiorhere,ratherthanin ToMM per se we
wantedio asses®ur subjectstapabilityto performbasicToMM tasks, becausef their crucial
role in conversationFurther,we arenot awareof any datain theliteratureaboutToMM per-
formancein brain damagedbersonsWe expectedno impairmentof this ability, or at mosta
very mild one, becausa dramaticdamageto the ToMM would correspondingljhamperany
socialinteractionbutthesimplest(Frith 1992):simulatingotherindividualsis ne@ssaryfor any
kind of high-level socialbehavior,whethercommunicativeor not. The literature,on the other
hand,is unanimousn evaluatingthesociallife of thesebrain-damagegatientsas substantially
preserved.

We usedtwo classicatasksof thearea,knownunderthenamesof "Maxi task” (Wimmer &
Pernerl983)and"Smartiedask” (PernerLeekam& Wimmer1987):
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Test: 13 brain-injured subjects
Direct Simple in-  Complex Irony Deceits Failures Theory of
speech  directs.a. indirect (asa mind

acts s.a. whole)

n=3 n=3 n=3 n=3 n=3 n=4 n=2
Correct 39 (100%) 39 (100%) 37 (95%) 36(92%) 31 (79%) 29 (56%) 25 (96%)
Wrong 0 0 2 (5%) 3 (8%) 8 (21%) 23 (44%) 1 (4%)
Comparison with con- t=1.897 t=2.889 t =3.888
trols (Student's t) p <.07 p <.008** p <.0007**

Table 3.Results for class of items.

Test: 13 brain-injured subjects
Direct s.a. Indirect s.a. Irony Deceits
n=1 n=1 n=1 n=1
Correct 8 (62%) 8 (62%) 8 (62%) 5 (38%)
Wrong 5 (38%) 5 (38%) 5 (38%) 8 (62%)
Comparison with con- t=2.739 t=2.739 t=2.739 t =4.302
trols (Student's t) p =.01** p =.01** p =.01** p <.0002**

Table 4.Results for failures only.

Test: 13 brain-injured subjects

Failure Direct s.a. Indirect s.a. Irony Deceit
Comparison with the z =2.236 z =2.070 z =1.897 z =2.239
successful case p <.03* p <.04* p<.06 p <.03*
(Wilcoxon, tied)

Table 5.Comparison between the performance on the successful
and the failure case.

[23] Maxitask Two persongthesubjectanda foil conventionallynamedViaxi) watchwhile
theexperimenteputsachocolateébarin adraver. Maxi thenleavesthe room. The exper-
imenteropensthe drawer, takesout the chocolateand hidesit elsewhereThe subjectis
thenaskedwvhereMaxi will look for thechocolatevhenhecomesack.
Commentthetaskis passedf thesubjectanswerghatMaxi will look into thedrawer.

[24] Smartiegask Thesubjecis shownaclosedSmartiedbox andaskedto guesswhatis in-
side. Obviously, he answersthereare Smarties.Thenthe box is openand he cansee
thereis apencilinstead.Thebox s closal again.Thenthe subjectis askedto guesswhat
Maxi will answemwhenaskedhesamejuestion.

CommentsinceMaxi hasnotseernthepencil,thecorrectanswetis "Smarties".

To passthesetasks,the subjecthasto realizethe relationshipsbetweenpeiception, belief,
andaction,andthe autonomyof eachindividual's mentalstates.It is easyto seehow closely
the structureof thesetasksresembleshatof the otheroneswe devised.This similarity is in-
trinsicto our approachio communicationthatstrongly emphasizeshe reciprocalsimulationof
theagentsnvolvedin conversation.
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8.1 Results

The controlgroup solvedboth taskswithout any error. The resultsof the experimentalgroup
arereportedn Table 3. Therewas only oneerroron the Maxi taskandnoneon the Smarties
task. This confirmsour expectationspossibleproblemsin communicationafter CHI are not
dueto adiminishedability in reasoningn otherindividuals'mentalstates.

9. Global results

All our majorpredictionswereconfirmed.As afirst thing, we foundno evidenceor the greater
difficulty of indirectwith respecto direct speechacts,thatwould be predictedby moststudies
in pragnaticsandin neuropsychologyWe havealreadydiscussedhe topic and havepresented
somehypothesesisto why our datadiffer from thoseavailablein the relevantliterature (see
Sectiorb).

An issueworth discussinghere,beforeturningto amoredetaled analysisof the data,is that
of responséime. Wehavenotreportedhetime it took to thesubjectgo solve (or not to solve)
thetasks.As Kosslyn& Intriligator (1992) point out, time is animportantfactorwith tasksof
thiskind, in thatarespamsetime of, say,5 min insteadof 20 secmayindicatea severempair-
mentin the underlyingcognitive processesyhich would passundetectedf only the correct-
nessof theanswelis takeninto account.Having tape-recordeall the protocols,we found that
thetime takenby the controlandthe experimentalgroupswas comparable;actually, the total
time for completingtheprotocolnevervariedmorethan10 min on anaverageof 30 min.

9.1 Trends in difficulty

Thetheorypredictsvariousdifferencesin processingdifficulty. Nonstandargaths,takenasa
whole, areexpectedo be moredifficult thanthe standarcpath. Within the standardoath, fur-
ther, simplespeeclacts(whetherirector indirect) areexpectedo beeasiethancomplexones.
Amongthenonstandar@aths,theincreaseshouldbefrom irony to deceitsto failures.

In analyzingthesdrends,we collapsedhedataof directandsimpleindirect speechacts.We
putthemtogetherfor two reasonsThefirst is theoretical:we assumehemto be processedn
thesameway, andto beabsolutelyequivalentThe secondreasonis empirical: noneof our 13
subjectsnadeevenasingleerrorin understandinghem.

In short, our predictedrendof difficulty is thefollowing:

simple (direct and indirect) speech acts
< complex speech acts << irony < deceits < failures

Thishypothesiss confirmedby thedata:Page'sestgivesL = 462 (p < .01**).

It is importantto rememberthat, for eachpragmaticcategory,we choserelatively simple
tasks.Therecanbelittle doubtthatacomplexirony (suchas Voltaire's, quotedin Section6) is
harderto comprehendhana very simple deceit(suchas a simpleyes/nolie: "Was it you who
atethe jam?", "N0"). Our dataprove thata simpleirony is easierthan a simple deceit, but
harderthana simplestandargath,andso on. We would neverderivefrom this trendthatany
irony is easiethananydeceitandharderthananystandargath.

Hadwe usedmoredifficult tasks,we might havefound moredifferencesbetweerthe exper-
imentalandthe controlgroups.As we havealreadydiscussedn Section5, however,our aim
wasnotto provethatcommunicationis necessarilydamagedafter CHI. Instead,we wantedto
startour investigationfrom the very fundamentalof communicatio, suchascanbe foundin
everyday ,colloquial communication We found that communicationis actually impaired after
CHlI, althoughin quitea subtleway. We believethatthis resultwas dueto the adoptionof a
clearanddetailedtheoryof communicationwhich providedus with a setof formal definitions
andallowedusto clearly definethescopeof our analysesandto formulateprecisepredictions,
althoughof aqualitativenature.

Therewould havebeenittle pointin the explorationof morecomplexaspectsof thetheory,
withouta prior understandingf theextentto which our subjectouldhandlebasicones.Once
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departedrom basictasks, further, it becomesmore difficult to decidewhatis moreor less
simple,andwhy. An ironic utterancefor examge, maybedifficult to understandecauseét re-
guiresa complexinferential chain, or becausét requiresa heavyuse of someunusualworld
knowledge.

9.2 Failures

Failuresarea complextopic, from both a theoreticaland a neuropsychologicgboint of view.
Letusreviewour predictionsandresults.

The impairmentin the subjectsperformanceon failurestakenas a whole, comparedo the
control group, is highly significant (Student'st = 3.888, p < .0007**; see Table 3).
Decomposinghisresultinto subitems(Table4), all theperformancegprove significantly worse
thanthoseof thecontrolgroup:ondirectandindirect speechacts(in bothcased = 2.739,p <
.01**), onirony (t = 2.739,p < .01**) and,with a high significance pn deceits(t = 4.382 p
<.0002**).

A secondpredictionwas that, within eachpragmaticcategory(direct speechacts, indirect
speeclacts,irony anddeceits)theperformancéadto beworseon theexamplesof failure than
onthesuccessfubnesto repaira failure requires thatthe actorrecognizeit, identify its causes
andplanasuitablealternativestrategy For eachcategory we usedWilcoxon's testto compare
theperformancen thefailure to thaton theaverageof thethreeexampleof successAs canbe
seenfrom Table5, thepredictionis generallyconfirmed(exceptin the caseof irony, which is,
however,nearsignificant).

Finally, we expectedailuresto showatrendsimilar to thatof the successfutasesij.e., we
expectedailuresof deceitsto beharderthan failuresof irony, andfailuresof irony harderthan
failuresof thestandargath.Page’'destdisconfirmsthis hypothesidy a very slightinterval (L
= 159againsaminimumof 163for ap < .05 significance) Remarkablyhowever,thereis no
differencebetweerthefailuresof directandof indirectspeectacts,which addsfurtherevidence
to our hypothesinthetopic.

9.3 Other neuropsychologicalcorrelations

We hadno particularpredictionsaboutthe possiblecorrelationsbetweenthe subjects'peafor-
manceon the tasksaboutcommunicationandon collateralneuropsychologicalests. Although
we did not performa statisticalevaluationof this topic, someobservationsnaybeof interest.

Four subjectamadeno errorsatall: 9, 10, 11, and13. Threeof theseperformedrelatively
well on collateraltests.Subjectl1 presentsa moreseverecognitive impairment;this apparent
contradictiormightbe dueto her rehabilitationprogram,partof which is currently concentrat-
ing on planning.

Subject5 only mademistakeson deceits.Globally, her cognitive damageis mild, but her
memoryis moreseverelympaired,n bothits short-andlong-termcomponents.

Two subjects,1 and8, only hadtroublewith failure recovery.Both presentfrontal symp-
tomsandadamageo theworking memory.In generalworking memoryseemgo be thefunc-
tion mostsensitivelyrelatedto thecommunicativeperformance.

Theremainingsix subjectamadeerrorsin two or threecategorieseach.Herewe find those
with the oldestonsetof pathology:2, 4 and6 (respectively65, 145 and 63 months). These
threesubjectsare logorrheic, possibly as an attemptto compensatdor their communicative
deficit, butoftengettangledup in theirown talk, andleavethe partnerthe responsibilityto find
away out. However,theywould typically denyhavingany problemwhatsoeverand always
try to impressfavorablyuponthe partner.Subject2 is, within this group, the lessimpaired
from a generalpoint of view; he was ableto solve closedjudgmenttask on complexindirect
speeclactsandon deceitspbutnoton failure recovery.Thelastthreesubjecty3, 7 and12) are
themostseverelympairedfrom acognitiveviewpoint.

Clearly, theseobservationsnight be strengthenedandlendthemselvego stdistical analy-
sis,with a greaternumberof subjects.As a first commentwe find themreasonableworking
memoryis likely to beheavilyinvolvedin thekind of reasoningequiredor thehandlingof de-
ceit,wherecomplexnestingsof mentalstateshaveto be takeninto account,.e., it is likely to
playamajorrole in complexToMM reasoning As regardsplanning,it is crucial to failure re-
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covery:not surprisingly, it is impairedin the subjectswho find thesetasksparticularly puz-
zling.

10. Futur e work

As we havealreadystatedthiswork did notaim at building a cognitive theoryfrom neuropsy-
chologicaldata.Ourgoalwas ratherto testsomepredictionsdrawn from anindependentlyde-
velopedtheoryof communicativecompetenceto constrainit with datafrom impaired perfor-
mance andto matchit againstompetingones.

We arequitesatisfiedwith thedatacollected Whena competingtheoryexists, asin the case
of thedirect/indirectcontroversy,our datavalidateour thesis.Further,our theay predictsthe
trendof difficulty exhibitedby CHI subjectsn theexperimentsNo existing theoryof pragmat-
ics hadproposedsucha preciseandjustified trendbefore.

Thework presentetiereis meantasan initial step.Planneddevelopmentsnclude a follow-
up of thesesubjectsafter their recovery,and a broadeningof the analysisto cover other
pathologieqe.g.,Alzheimer'sdiseas@andotherformsof dementiaParkinson'diseasegtc.),
aswell asto subjectsvith no neuropsychologicahvolvement(e.g., elderly persons)We also
planto studyfocallesions;jn particularto investigatepossibledifferencesbetweernpathologies
of therightandof theleft hemisphereA goodideawould be, of course,to usetestslike those
proposedhereasafirst screeningto identify themostinterestingsubjectsaandto focuson them
with greaterattention.This will requiretestsfor the effective explorationof less fundamental
aspect®f communicationFinally, we aredevelopinganapproacho discourselannng; this is
particularlyinterestingfrom a neuropsychologicgboint of view, sincemanypathologiesseem
to affectthegeneratiorof behaviorof one'sown ratherthanthe comprehensiomf the behavior
of otherindividuals'.
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