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Abstract

Syntacticsemanticsis a holistic, conceptual-role-semantictheory of how
computerscanthink. But Fodor& Leporehave mounteda sustainedattack
on holistic semantictheories. However, their major problemwith holism
(that, if holism is true, thenno two peoplecanunderstandeachother)can
be�x edby meansof negotiatingmeanings. SyntacticsemanticsandFodor
& Lepore'sobjectionsto holismareoutlined;thenatureof communication,
miscommunication,andnegotiationis discussed;Bruner's ideasaboutthe
negotiationof meaningareexplored;andsomeobservationson a problem
for knowledgerepresentationin AI raisedby Winstonarepresented.
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1 Intr oduction

Whenyou and I speakor write to each other, the mostwe can hopefor is
a sort of incrementalapproach toward agreement,toward communication,
toward commonusageof terms.(Lenat1995:45.)

`Syntacticsemantics'is thenameI have givento a theoryof how computerscan
think (Rapaport1986,1988,1995,1996,1998,1999,2000b,2002). Syntactic
semanticsis akind of conceptual-rolesemanticsand(therefore)holistic in nature
(Rapaport2002).But JerryFodorandErnestLepore(1991,1992)have mounted
a sustainedattackon holistic semantictheories.Thepresentessayis a sustained
reply to theirmaincomplaint.(I gaveashorterreply in Rapaport2002.)Brie�y , I
believe thatFodor& Lepore'smajorproblemwith holism—that,if holismis true,
thennotwo peoplecanunderstandeachother—canbe�x edby meansof negotiat-
ingmeanings. In whatfollows,I outlinesyntacticsemanticsandFodor& Lepore's
objectionsto holism; discussthe natureof communication,miscommunication,
andnegotiation;exploresomeof JeromeBruner's ideasaboutthenegotiationof
meaning;andconcludewith someobservationson a problemfor knowledgerep-
resentationraisedby PatrickHenryWinston(andpossiblyby Wittgenstein).

2 Background: AI asComputational Cognition

`Syntacticsemantics'is my namefor the theory that underliesvirtually all AI
research,or at leastthatportionof it thatfallsundertherubricsof “computational
psychology”and“computationalphilosophy” (cf. Shapiro1992).

Thegoalof computationalpsychologyis to studyhumancognitionusingcom-
putationaltechniques.Computational-psychologytheoriesareexpressed(i.e.,im-
plemented)1 in computerprograms.Goodcomputational-psychologyprograms
will (whenexecuted)2 replicatehumancognitive tasksin waysthatarefaithful to
humanperformance,with thesamefailuresaswell assuccesses—AIascomputa-
tionalpsychologycantell ussomethingaboutthehumanmind.

Thegoalof computationalphilosophyis to learnwhich aspectsof cognition
in generalarecomputable.Goodcomputational-philosophy computerprograms

1For relevantdiscussionof thenatureof implementation,seeRapaport1996,Ch.7, andRapa-
port1999.

2On the importantdistinctionbetweena (textual) program andthe processcreatedwhenthe
programis executed,seeRapaport1988,

�

2.
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will (whenexecuted)replicatecognitive tasksbut not necessarilyin theway that
humanswould do them. AI ascomputationalphilosophy cantell us something
aboutthe scopeandlimits of cognition in general(e.g.,which aspectsof it are
computable),but not necessarilyabouthumancognitionin particular(Rapaport
1998,cf. Rapaport2000a).

Together, we cancall these“computationalcognition”, a term I preferover
`arti�cial intelligence', sinceAI is really lessconcernedwith “intelligence” in
particular(whatever thatmightbe),andmorewith cognitionin general(humanor
otherwise).I think it fair to saythatmany AI researchers,whentrying to explain
what AI is, have to say, somewhat defensively, that by `intelligence' they don't
(normally) meanintelligencein the senseof IQ. We are not (normally) trying
to build high-IQ computers(althoughthatmight bea considerablyeasiertask!).
Rather, we really meanby theterm`intelligence'somethingmorelike cognition
in general:thegathering,storing,processing,andcommunicatingof information
(cf. Gy�ori 2002:133-134,citing Neisser1976andGeeraerts1997).And thereis
nothing“arti�cial” aboutit: Cognitionmodeledcomputationallyis realcognition,
not justasimulationof it (Rapaport1988,1998).3

3 SyntacticSemantics:An Outline

Syntacticsemanticshasthreebasictheses(whichI havearguedfor in detailin the
essayscitedearlier):

3.1 Semanticsis “inter nal” (or “psychological”), and therefore
syntactic

Considera singledomainof uninterpreted“markers” (or “symbols”). Syntaxis
classicallyconsideredto be thestudyof the relationsamongthesemarkers,i.e.,
thestudyof therulesof “symbol” formationandmanipulation(Morris 1938:6–7;
cf. Posner1992).Call thisdomainthe`syntacticdomain'.Often,it is calleda`for-
malsystem',but I wishto considerother“systems”,includingphysicalones,such

3Thereis a third kind of AI research,which is not relevant to the presentconcerns:AI as
ªadvancedcomputerscienceº.Itsgoalis to solvegeneralproblemsin any areaof computerscience
by applyingthemethodsof AI, but it is not directly concernedwith cognitive issues(cf. Shapiro
1992). It is at the ªcuttingedgeºof computerscience,asmy former colleagueJohnCaseonce
put it. (Anotherformercolleague,Anthony Ralston,useda topologicallyequivalent,but opposite,
metaphor:He told methatAI is at theªperipheryºof computerscience!)
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asthe brainconsideredasa neuralnetwork. Also, I preferto talk about“mark-
ers” ratherthanthe moreusual“symbols”, sinceI want to think of the markers
independentlyof their representing(or not representing)things external to the
syntacticdomain,andI don't wantto rule out connectionisttheorieseventhough
I favor “goodold-fashioned,classical,symbolicAI” theories(seeRapaport2000b
for furtherdiscussion).

By contrast,semanticsis classicallyconsideredto be the studyof relations
betweentwo domains:theuninterpretedmarkersof thesyntacticdomainandin-
terpretationsof themin a“semanticdomain”(again,cf. Morris 1938:6–7,Posner
1992).

But, by consideringtheunionof thesyntacticandsemanticdomains,seman-
tics (classicallyunderstood)canbe turnedinto syntax(classicallyunderstood):
i.e., semanticscan be turned into a study of relationswithin a single domain
amongthe markersandtheir interpretations.This is doneby incorporating(or
“internalizing”) thesemanticinterpretationsalongwith themarkersto form auni-
�ed systemof new markers, someof which are the old onesand the othersof
whicharetheir interpretations.

Hence,syntax(i.e., “symbol” manipulationof the new markers)can suf�ce
for the semanticalenterprise,paceoneof the explicit premisesof JohnSearle's
Chinese-RoomArgument(1980). In particular, syntaxsuf�ces for thesemantics
neededfor a computationalcognitive theoryof natural-languageunderstanding
andgeneration(Rapaport2000b).

This is preciselythe situationwith respectto “conceptual”and “cognitive”
semantics,in whichboththelinguisticexpressionsweuseandtheirmeanings-as-
mental-conceptsarelocated“in the head”. As I oncesaida long time ago(Ra-
paport1981),we mustmake the“world” �t our language,or, asRayJackendoff
hasmorerecentlyput it, we must“push `the world' into the mind” (Jackendoff
2002, � 10.4). It alsoappearsto be the situationwith contemporaryChomskian
semantics.4

This is alsothe situationwith respectto our brains: Both our “mental” con-
ceptsaswell as the outputof our perceptualprocesses(i.e., our internal repre-
sentationsof externalstimuli) are“implemented”in a singledomainof neuron
�rings, someof which correspondto (e.g.,arecausedby) thingsin the external

4On cognitive semantics,cf. Lakoff 1987, Talmy 2000. On conceptualsemantics,cf.
Gärdenfors1997,1999ab;andJackendoff 2002,esp.Ch. 9 (ªSemanticsasa MentalisticEnter-
priseº),Ch. 10 (ªReferenceandTruthº), and,mostespecially, Jackendoff 2002,Ch. 10,

�

10.4
(ªPushing̀theWorld' into theMindº). OnChomskiansemantics,cf. McGilvray 1998anddiscus-
sionin Rapaport2000b.
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world andsomeof whichareour “mental” conceptsof thosethings.

3.2 Semanticsis recursive,and thereforeat bottomsyntactic

Semanticscanalsobeconsideredastheprocessof understandingthesyntacticdo-
main(by modelingit) in termsof thesemanticdomain.But if wearetounderstand
onething in termsof another, thatotherthing mustbe antecedentlyunderstood.
Hence,semanticson this view is recursive: Thesemanticdomaincanbe treated
asa (new) syntacticdomainrequiringa furthersemanticdomainto understandit,
in whatBrian CantwellSmith (1987)hascalleda “correspondencecontinuum”.
To prevent an in�nite regress,somedomainmustbe understoodin termsof it-
self. (Or somecycle of domainsmustbeunderstoodin termsof eachother;see
Rapaport1995.) This basecaseof semanticunderstandingcanbe called“syn-
tactic understanding”:understandinga (syntactic)domainby being conversant
with manipulatingits markers,aswhenwe understanda deductive systemproof-
theoreticallyratherthanmodel-theoretically, or aswhenwe understandhow to
solve high-schoolalgebraproblemsby meansof a setof syntacticrulesfor ma-
nipulatingthevariablesandconstantsof anequationratherthanby meansof aset
of semanticrulesfor “balancing”theequation(seeRapaport1986for details).

3.3 Syntacticsemanticsis methodologicallysolipsistic

Theinternalizationof meanings(“pushingtheworld into themind”, to useJack-
endoff 's phrase)leadsto a “narrow” or �rst-person perspective on cognition.
Moreover, this point of view is all that is neededfor understandingor modeling
cognition:An “external”,or “wide”, or third-personpointof view mayshedlight
on thenatureof correspondencesbetweencognitionandtheexternalworld, but it
is otiose5 for thetaskof understandingor modelingcognition.(For discussion,see
Maida& Shapiro1982;Rapaport1985/1986,2000b;Shapiro& Rapaport1991;
Rapaport,Shapiro,& Wiebe1997.)

5A wonderfullynon-otiose(i.e., useful)word meaningªof no use;ineffective; futile; serving
nousefulpurpose;having noexcusefor beingº;cf. [http://www.dictionary.com/search?q=otiose].
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4 SyntacticSemanticsand Holism

Researchers concernedwith modelingpeoplerecognizethat peoplecannot
be assumedto ever attribute preciselyidentical semanticsto a language.
However, thecounterargumentis thatcomputerscanbeprogrammedtohave
preciselyidentical semantics(so long as they cannotmodify themselves).
Moreover, as evidencedin humancoordination, identical semanticsis not
critical, solongassatisfactorycoordinationcanarise. (Durfee1992:859.)

Syntacticsemanticsas I just sketchedit is a holistic conceptual-rolesemantics
that takesthe meaningof an expressionfor a cognitive agentto be that expres-
sion's “location” in the cognitive agent's semanticnetwork of (all of) the cog-
nitive agent's otherexpressions(cf. Quillian 1967,1968,1969;Rapaport2002).
But, accordingto Fodor& Lepore,holisticsemantictheoriesarecommittedto the
following “prima facieoutlandishclaims” (1991:331,emphasistheirs):

thatno two peopleevershareabelief; thatthereis nosuchrelationastrans-
lation; thatno two peopleever meanthesamething by what they say;that
no two time slicesof the samepersonever meanthe samething by what
they say;thatno onecanever changehis [sic] mind; thatno statements,or
beliefs,caneverbecontradicted. . . ; andsoforth.

Thethird claim is central:No two peopleever meanthesamething by whatthey
say. It is centralbecause,alongwith reasonablecognitivist assumptionsaboutthe
relationsof meaningto beliefsandto language,it canbeusedto imply all theoth-
ers.I think thethird claimis true,but only primafacieoutlandish.Sodid Bertrand
Russell(1918:195–196),whoalsothoughtit necessaryfor communication:

Whenonepersonusesa word, he [sic] doesnot meanby it thesamething
asanotherpersonmeansby it. I have oftenheardit saidthat that is a mis-
fortune. That is a mistake. It would beabsolutelyfatal if peoplemeantthe
samethingsby their words. It would make all intercourseimpossible,and
languagethemosthopelessanduselessthingimaginable,becausethemean-
ing you attachto your wordsmustdependon thenatureof theobjectsyou
areacquaintedwith, andsincedifferentpeopleareacquaintedwith different
objects,they would not be able to talk to eachotherunlessthey attached
quite differentmeaningsto their words. . . . Take, for example,the word
`Piccadilly'. We, who areacquaintedwith Piccadilly, attachquitea differ-
entmeaningto thatword from any whichcouldbeattachedto it by aperson
who hadnever beenin London: and,supposingthat you travel in foreign
partsandexpatiateon Piccadilly, you will convey to your hearersentirely
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differentpropositionsfrom thosein your mind. They will know Piccadilly
asan importantstreetin London; they may know a lot aboutit, but they
will not know just the thingsoneknows whenoneis walking alongit. If
you wereto insiston languagewhich wasunambiguous,you would beun-
ableto tell peopleat homewhatyou hadseenin foreignparts. It would be
altogetherincredibly inconvenientto have an unambiguouslanguage,and
thereforemercifully wehave notgotone.

So, if Fodor & Lepore's third claim is true, then how is it that we can—
apparentlysuccessfully—communicate?The answer, I believe, canbe found in
negotiation.Let mebrie�y sketchhow.

5 The Paradox of Communication

Sincesyntacticsemanticsis methodologicallysolipsistic,it would appearto be
isolated—insulated,if youwill—from therestof theworld of languageandcom-
munication.Butsurelythatcannotbethecase.Theexternalworlddoes, of course,
impingeon theinternalsyntacticsystem.

First,wehaveinternalrepresentationsof externalstimuli thatcausetheir inter-
nal “representatives”. Not all (internal)thoughtsarethoughtsof externalthings,
of course;wecan,famously, havehallucinations,phantom-limbpain(cf. Melzack
1992), and thoughtsof unicornsand SantaClaus. And someof our internal
thoughtsof external thingsmight not be causedby their external counterparts;
we can,for example,have thoughts—caused(or derived in someway) by other
thoughts—thatonly later areobserved to have externalcounterparts(e.g.,black
holes“existed”astheoreticalentitiesbeforethey wereobserved).

Second,we do communicatewith others. This, after all, is how we avoid
real �rst-personsolipsism,asopposedto the merelymethodologicalkind. And
whenwe communicate,it canbe aboutan internal thing (as when I tell you a
story or describemy hallucination)or aboutan external thing (aswhen I warn
you of a large beehovering aroundyou). Of course,to be moreprecise,in the
lattercase,I amreally describingmy internalrepresentationof theexternalbee,
sincethatis all thatI amdirectlyawareof (cf. Rapaport2000band � � 6–8,below).
However, if thereis anexternalbeethat is a counterpartof my internalonethatI
amdescribing,youhadbetterbeware.

Now, in orderfor two cognitive agentsto communicatesuccessfully, whether
aboutaninternalthingor anexternalthing, they mustbeableto detectmisunder-
standingsandcorrectthemby negotiating:Whenwecommunicate,weattemptto
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convey our internalmeaningsto anaudience(a heareror reader)6 by meansof a
“public communicationlanguage”(I owe this termto Shapiro1993).You do not
have direct accessto my thoughts,but only to my speechacts(moregenerally,
to my “languageacts”, includingbothspeechandwriting, aswell asgestures).7

Youdon't interpretwhatI amprivatelythinking;youcanonly interpretmy public
languageandgestures.Your interpretationis, in fact,a conclusion; understand-
ing involvesinference,albeitdefeasibleinference.And it is notonly occasionally
defeasible:We almostalwaysfail (this is Fodor& Lepore's third claim). Yet we
almostalwaysnearlysucceed:This is the paradoxof communication.Its reso-
lution is simple: Misunderstandings,if smallenough, canbeignored.And those
that cannotbe ignoredcanbe minimized throughnegotiation. In this way, we
learnwhatour audiencemeantor thoughtthatwe meant.Childrendo thatwhen
learningtheir �rst language(Bruner1983;see � 8, below). Adults continueto do
it, which suggeststhatoneof theprocessesinvolvedin �rst-languageacquisition
continuesto beinvolvedin adultlanguageuse.(Indeed,somelinguistsclaimthat
misinterpretationcanleadto semanticchange;cf. Gy�ori 2002, � � 1,5,citing, inter
alia, Traugott1999.) Thus,thesameprocessesseemto be involved in all stages
of thedevelopmentof (a) language.

6 Communication.

They'd enteredthecommonlife of words. . . . After all, hadn't theauthorof
thisbookturnedhis thoughtsinto words,in theactof writing it, knowinghis
readers would decodethemas they read,makingthoughtsof themagain?
(Barker1987:367.)

Considertwo cognitiveagents,CassieandOscar(eithercomputeror human),who
are interactingusing a public communicationlanguage,e.g., English. Clearly,
they needto be ableto understandeachother. If Cassieusesan expressionin a
way not immediatelyunderstoodby Oscar, thenOscarmustbeableto clarify the
situation(perhapsto correctthemisunderstanding)usingthepublic communica-
tion language, andnot,say, by reprogrammingCassie(cf. Rapaport1995, � 2.5.1;
we'll returnto this ideain thenext section).To do this, Oscarmust�nd out, via
language,whatCassieintended(“meant”) to say. So,they mustcommunicate.

6Wherever I write aboutªspeakerºandªhearerº,I normallyalsomeanto includeªwriterºand
ªreaderº,andviceversa.

7Theterm`languageact' is dueto Kearns,forthcoming2003,andincludesthinkingwith words
aswell asspeechandwriting. Ongestures,cf. Gracia1990:495;see

�

9, below.
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Thetheoryof syntacticsemanticsplacesa fairly heavy burdenon therole of
communication.This may, at �rst glance,seemodd for a theorythat claimsto
take a �rst-person,methodologicallysolipsisticpointof view. But, aswe will see
( � 8),all thatmattersis eachinterlocutor'sperspectiveontheconversation,notany
“global” perspective.

As expressedin thequotationthatopensthis section,a standardway of look-
ing at communicationis that the only way for me to know what's going on in
your mind is for you to expressyour ideasin language—to“implement” themin
words—andfor meto translatefrom thatpubliccommunicationlanguageinto my
own ideas.Thepubliccommunicationlanguagethusplaysmuchthesameroleas
aninterlinguadoesin machinetranslation(although“insideout”: thepubliccom-
municationlanguageis intermediatebetweentwo mentallanguagesof thought,
whereasamachine-translationinterlinguais verymuchlikealanguageof thought
that is intermediatebetweentwo public communicationlanguages;for morein-
formationon interlinguas,see,e.g.,Slocum1985:4).

Whenwe read,we seeminglyjust stareat a bunchof arcanemarkson paper,
yet we therebymagicallycometo know of eventselsewherein (or out!) of space
andtime.8 How? By having analgorithmthatmapsthemarks(whichhaveasyn-
tax) into our concepts,i.e., by interpretingthe marks.9 Conversely, in speaking,
my ideastravel from my mind, to my mouth, to your ears,to your mind. This
imageis commonplacein bothpopularcultureandacademicdiscourse:Consider
a “Gar�eld” Post-ItNotethatmy colleagueStuartC. Shapirooncesentme,with
the caption“From my mind to yours”, showing a dashedline emanatingfrom
Gar�eld-the-cat's headto Odie-the-dog's head,which lightsup in response;here,
informationgetssentfrom the sender's (i.e., Gar�eld's) mind to the recipient's
(i.e.,Odie's) by beingwritten on paper(i.e., by beingimplementedin language).
Or consideran illustration from Saussure1959showing two heads,labeled“A”
and“B”, with a line emanatingfrom A's headthroughhis mouthto B's earand
then to B's head,thencefrom B's headthroughB's mouth to A's earand then

8I owe this ancientobservation to someoneelse,but I canno longerrecall whom! Possibly
Clifton Fadiman?

9Here, I am viewing readingin accord with the view of at leastone standardtextbook on
readingeducation(Harris & Sipay1990:1)ÐªReadingis a complex process.In somemanner
yet to be fully understood,the readercombinesinformationprovided by an authorvia printed
or handwrittentext with previously possessedknowledgeto constructan interpretationof that
textº (cf. Harris& Sipay1990:10)Ðanddifferently from Wittgenstein(1958,

� �

156±171),who
doesªnotcount. . . theunderstandingof what is readaspartof `reading'º (with thecaveat,ªfor
purposesof this investigationº).
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A
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B
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Figure 1: A and B are cognitive agentscommunicatingaboutC, a real object in the
externalworld. Thearrow betweenA andB representsthecommunicationbetweenthem
of sometermt expressingC. ThearrowsfromC to A andto B representA'sandB's(joint)
sensoryaccessto C.

returningto A'shead.
Whenwe communicatein this way, what arewe communicatingabout? It

would seem,from thesimpli�ed Gar�eld andSaussureimages,thatwe areonly
talking aboutour own ideas. What aboutthe real world? Surely, we often talk
aboutsomeexternalobjectthat the two of us have joint accessto (supposeI do
want to warn you aboutthe hovering bee). Isn't that, after all, how we know
that we're talking aboutthe samething? Isn't the picturereally asin Figure1?
In Figure 1, the idea is that two cognitive agentsA and B usesometerm t of
a public communicationlanguageto refer to someexternalobjectC in the real
world. BothA andB have independent,directaccessto C, andsocanadjusttheir
understandingof t by comparingwhattheothersaysaboutC with C itself. Is that
nothow thingswork?

As is often the case,the answeris: YesandNo. The picture is too simple.
Onemissingitem is thatA's accessto C resultsin a private,internalidea(or set
of ideas)aboutC, andsimilarly for B (seeRapaport2000bfor discussion).On
the �rst-personpoint of view, it is theseprivate, internal ideasthat A andB are
talking about(i.e., trying to communicatesomethingabout),not C. If we merge
Saussure's imagewith ours,we get Figure2 (in the spirit of RubeGoldberg).10

Here,cognitive agentA perceivesexternalobjectC andconstructs(or retrieves)
herown mentalrepresentationof C; call it CA. Cognitive agentA thenwishesto
inform cognitiveagentB of whatshe(A) is thinking,andsoutterst, someexpres-

10For readers unfamiliar with Rube Goldberg's cartoons, see Wolfe 2000 or go to
[http://www.rube-goldberg.com/].
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Figure2: A perceivesC, constructsor retrievesmentalrepresentationCA of C, andutters
t; B hearst andconstructsor retrievesmentalrepresentationCB. Similarly, B perceivesC,
constructsor retrievesCB, andutterst; A hearst andconstructsor retrievesCA. (Seetext.)

sionof a publiccommunicationlanguagethatFregeanlydenotesC andinternally
meansCA. Cognitive agentB hearst andconstructs(or retrieves)his own mental
representation,CB.

The arrows in Figure 2 from C to A's eyes and to B's representthe causal
connectionsbetweenC andA andbetweenC andB. The arrows from A's eyes
andearsto CA andfrom B's to CB representthe retrieval or productionof their
individualized,private,“perspectival” objectsCA andCB. Thearrows labeled`t'
from A's mouthto B's ear(andfrom B's mouthto A's ear)representtheattempt
at communicationusingsometermt.

The public linguistic expressiont is “symbolic currency” used“to exchange
meaning”(Sacks1989,quotedin Sacks1990:3). Expressionsliket constitutethe
text of the“books” thatenableus“to bewith another's mind”. Actually, speech-
recognitionproblemscanproduceevenmoredistancebetweenwhatA andB are
trying to communicate,for B's perceptionof t might differ from whatA intended
to produce.11 For example,if A speaksEnglishwith acertainforeignaccent,then
theword thatA intendedto utteras`seller' mightbeheardby B as`sailor', or `b's
and`p's (or `l' s and`r's) might be confused,or, closerto home,it might not be
immediatelyclearif thespeakersaid`cereal'or `serial'.12 (See� 9 for yetanother

11As my colleagueJ.P. Koenigremindedme.
12WhenI wasa graduatestudentat IndianaUniversity in theearly1970s,my fellow students
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caveat.)
But what doest mean?What getscommunicated?Note thatCA andCB are

the psychologicalmeaningsof t that Frege repudiatedbut that conceptualand
cognitive linguistsembrace.They canbethoughtof as(representing)Meinongian
objectsor Castãnedianguisesor propositions(see,e.g.,Meinong1904,Castãneda
1972,Rapaport1978).Notefurther thatFrege's “sense”doesnot seemto play a
role in communicationunderstoodin this perspectival way, despite(or perhaps
dueto!) its intersubjective or “social” nature.(Onsociallanguage,cf. Gärdenfors
1993.)However, if we focuson two of Frege's principlesaboutsenses(viz., that
everyexpressionhasone,andthatanexpression'ssenseis thewaythatexpression
refersto its referent(if it hasone))andif we parameterizetheseprinciplesto an
individual'suseof aword,thenCA is indeedA'ssenseof t (andCB is B'ssenseof
t).

What role, then,doespoorC—the actualobject “out there” in the world—
play?Very little, otherthanbeingthereandcausallyproducingCA. In fact,on the
�rst-personpointof view, A andB will typically merelyhypothesizetheexistence
of C to the extent that their communicative negotiationsareconstrainedby the
rolesthatCA andCB play in their respective knowledgebases.A canonly access
C indirectlyvia CA (andB canonly accessit indirectly via CB).

SupposeA talksaboutwhatA thinksof asCA, namely, A's own mentalrepre-
sentationof C. Therearethentwo possibilities:

1. B takesA to betalkingaboutwhatB thinksof asCB, namely, B'sown mental
representationof C; i.e.,B understandsA.

2. B takesA to betalking aboutsomethingdistinctfrom CB; i.e.,B misunder-
standsA.

Case1 is closeto theidealsituation,thecaseof “perfect” mutualunderstand-
ing. In this case,B comesto believe that A is thinking of the “same” thing that
he(B) is thinkingof. B couldcontinuetheconversationby sayingsomethingelse
aboutCB, usingt. A hearst andconstructs(or retrieves)hermentalrepresentation
in oneof two ways,just asB did. Again, then,we have eithera case-1of perfect
understandingor acase-2of misunderstanding.

andI heardRichardRoutley give a lectureaboutendangeredspecies,usingwhatwe took to bea
thought-experimentaboutacreaturecalledtheªbluewileº. It wasn't till his talk wasover thatwe
realizedhewasn't makingit up,but hadall alongbeendiscussingÐinhis AustralianaccentÐthe
bluewhale(pronounced/wale/by usYanks).
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Case2 is the caseof miscommunication,of misunderstanding.In this case,
whereB hasmisunderstoodA, B might(eventually)saysomethingthatwill alertA
to themisunderstanding.B might,for instance,saysomethingthatmakesnosense
to A, andso A will realizethat B misunderstood.Or B might hearA saythings
thatmake nosenseto B, andsoB will realizethathe(B) misunderstoodandalert
A to this fact.By continuedcommunication,A andB will “negotiate”aboutwhat
it is they aretalkingabout,hopefullyeventuallycomingto someagreement.

7 Negotiation.

Miscommunication(case2, above) is in factthenorm.Supposethatyouperceive
C, whichcausesyou to think of Cyou, which, in turn, leadsyou to uttersometerm
t. And supposethat,whenI hearyour utteranceof t, I think of CI . Even if this
CI is theCI that I think of whenI perceiveC, still, CI will play a differentrole
in my network of conceptsandbeliefsthanCyou doesin yours,simply because
my conceptualnetwork will be different from yours. As Fodor & Leporesaid,
semanticholism implies that no two peopleever meanthe samething by what
they say. So how do we successfullycommunicateandunderstandeachother,
as—apparently, or for all practicalpurposes—wedo?

Interpretationsarenegotiatedin interaction.Every time we talk, we negoti-
ateinterpretationsaboutreferentialandsocialmeanings.Themoreintense
andfrequenttheinteractionbetweenspeakerswith diverging interpretations
of the meaningsof a word, the more likely a `negotiatedsettlement'will
obtain,moreor lessspontaneously, throughlinguistic usage.Wheninter-
pretationsbecomeconventionalized,we call that `meaning'. But even so,
thatnew meaningis subjectto revisionandnegotiation.(Alvarez1990.)

CandaceSidner(1994)pointsout thatdiscoursesamongcollaboratorsfunctionas
negotiationsandthatdiscoursescontainingnegotiationsserve to establishmutual
beliefs.Negotiationis thekey to understanding.

Negotiationcan take many forms. Communicative negotiationplaysa role
whena cognitive agentunderstandsby translating(Rapaport2002, � 6.6). If a
translationseemsnot to preserve truth (i.e., seemsto be inconsistentwith the
agent's understandingof the world), then negotiation with the interlocutorcan
bringunderstandingby restoringconsistency. (And in thiswayFodor& Lepore's
second“outlandishclaim” canbeavoided.)

A form of negotiationalsoplaysa role whena cognitive agentis readingand
comesacrossan unknown word that is not in any availabledictionaryor there
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is no onethe readercanaskwho knows its meaning.In sucha case,the reader
canhypothesizea meaningfrom the context (including the reader's background
knowledge),andrevisethatmeaningasneededwhentheword is seenagain. This
is a sortof negotiation,not with a live interlocutor, but directly with thetext (see
Ehrlich1995,Rapaport& Ehrlich2000,Rapaport& Kibby 2002).

It is throughthe processof interactively (i.e., reciprocally)communicating
with othersthat cognitive agentscometo learnlanguage.Here,negotiationcan
take theform of self-organization:“Givenasystemin which thereis naturalvari-
ationthroughlocal �uctuations[read:individualdifferencesin meanings],global
coherence. . .mayemergeprovidedcertainkindsof positivefeedbackloops[read:
negotiation]arein place”(Steels1998:138).

Negotiationcanalsocorrectmisunderstandings,andfacilitateus in changing
ourminds(paceFodor& Lepore's�fth “outlandishclaim”). Suchcommunication
allowsoneto “align” one'sown knowledgebase,expressedin one'sown language
of thought,with another's. It canalsoenableonecomputationalagentto align its
ontologywith another's (cf. Campbell& Shapiro1998,Campbell1999).In short,
communicative negotiationcanresolve con�icts, enablingus to understandone
another.

Perceptioncanplay a role in negotiation.13 It, too, is a kind of “communica-
tion” with somethingexternalto theunderstander. Crucially, bothperceptionand
communicationwork in thesameway: Theunderstandercomparestwo internal
representations:oneis causallyproducedfrom the speaker or theact of percep-
tion; theotheris partof theantecedently-existing internalmentalnetwork. When
thereis a mismatch,the understandermustchangehis or her (or its) mind. “As
long as the conversationproceedswithout our getting into . . . [a] situation” in
which“we didn't know whatwasmeant”,thecognitiveagent“hasall theconnec-
tionswith reality it needs”(Shapiro& Rapaport1987:271).

But why doesthe problemariseat all? Why is therethe potentialfor (and
usuallythe actualityof) miscommunicationresultingin misunderstanding?The
answeris simple:

. . . transmissionof representationsthemselves is impossible. I cannotbe
surethat themeaningof a word I sayis thesamefor thepersonto whomI
direct it. Consequently, languageworksasa systemof values,of reciprocal
expectations.To sayit differently, the processesof verbalcommunication
alwaysconstitutea try, ahypothesis,andanintentionfrom thesenderto the

13Cf. Maida& Shapiro1982:300±301on theusefulnessof sensorsandeffectorsfor this pur-
pose.And seeShapiro& Ismail 2001for adiscussionof waysof implementingthis.
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receiver. (Vauclair1990:321±322.)

Onthisview, if youcouldliterally readmy mind(as,indeed,I asprogrammercan
literally readthe“mind” of mycomputationalcognitiveagentCassie),therewould
benomisunderstanding,hencenomiscommunication.But, sinceyoucan't, there
is.

This inability to readmindsis likewisea commonplaceof popularculture: It
is illustratednicely by a Cathycartoonin which the following dialogueensues
while Cathy andher boyfriend Irving aresitting on a couch,with Cathy's dog
betweenthem.

Irving (lookingat thenewspaper):We couldstill goout.
Cathy (lookinggrim): It' s too late.
Irving: Too latefor what?
Cathy: I wantedto go outbefore.I don't wantto gooutnow.
Irving: If youwantedto goout,why didn't yousayso,Cathy?
Cathy: I wantedyou to sayyouwantedto, Irving.
Irving: I saidwecouldgo if youwantedto.
Cathy: Why would I wantto if you didn't actasif youwantedto?
Irving: Why didn't you just sayyouwantedto?
Cathy: I saidI wantedto by gettingmadwhenyou didn't sayyou wanted

to.
Irving: I saidI wantedto by sayingI would.
Cathy: Why didn't you just saywhatyoumeant?
Irving: Why didn't yousaywhatyoumeant?
Cathy: Hah!!
Irving andCathy (together):My wordscameout �ne! They were processed

incorrectlybyyourbrain!!!
Cathy's dog (thinking): Few thingsareasscaryasbeingbetweentwo hu-

manswhoareagreeingwith eachother.

Carnaphasarguedthatthe“mind-reading”method,which hecalls“structure
analysis”,is superiorto the “behavioristic” methodthat we arein fact restricted
to (Carnap1956:244–247,on“The Conceptof Intensionfor aRobot”; cf. Simon
1992,esp.pp.6–7,for discussionandelaborationof Carnap's“structural”method
andits applicationto the Chinese-RoomArgument(!)). Arguably, though,even
suchliteral mind-readingwouldn't suf�ce. For youwouldstill haveto understand
my languageof thought,just asa readerof a text written in one'snative language
mustinterpretthat text even thoughthe languageis common.So it' s highly un-
likely, exceptpossiblyin themostarti�cial of situations(aswith a computational
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Figure3: A SNePSthree-nodeproposition(M1! ) that someobject(B1) is (i.e.,
hastheproperty)red(RED).

cognitiveagent)thatcommunicationcaneverbe“perfect”. I, however, canunder-
standmy languageof thought:directly, via syntacticunderstanding—“themental
structuresappliedin cognitivesemanticsarethemeaningsof thelinguisticidioms;
thereis nofurtherstepof translatingconceptualstructureto somethingoutsidethe
mind” (asGärdenfors1993putsit).

Recallthatif OscardoesnotunderstandCassie,hecannotjust reprogramher,
or evenreadhermind(paceCarnap).Rather, hemustrepairthemisunderstanding
via language.Negotiationmakeslanguageunderstanding“self-correcting”; i.e.,
errors in languageunderstandingcan be correctedby further useof language.
Negotiationdoesnot guaranteemutualunderstanding,but it makesit possible—
indeed,likely—andit makesresidualmisunderstandsof marginal relevance.

Thelatterhappensin two ways.In whatfollows,I will betalkingaboutCassie
andOscarsimultaneouslyascomputationalmodelsof (human)mindsandasif
they werecomputationalcognitive agentswhosemindsare implementedin the
SNePSsemantic-network knowledge-representationandreasoningsystem. In a
SNePSnetwork, nodesrepresenteitherconceptsor propositions,andlabeled,di-
rectedarcsstructurethenodesinto grammaticallywell-formed,complex (“molec-
ular”) conceptsandpropositions(see,e.g.,Shapiro& Rapaport1987,1995).

First, supposefor thesake of argumentthatCassie's andOscar's mentalnet-
worksof conceptsandbeliefsdiffer only minimally. Suppose,for example,that
Cassiebelievesthatsomeobjectis red,andsupposethatOscardoesn't. In SNePS,
Cassie's belief would berepresentedby anOBJECT-PROPERTYproposition,as
in Figure3. Therewouldbethreenodes:onefor theobject(B1), onefor theprop-
erty (RED), andone(M1! ) for the propositionthat B1 is (an objectthat hasthe
property)red.14 Note that Cassie's andOscar's mentalsemanticnetworks need

14A SNePSnodewhoseidenti®er is marked with `!' is saidto beªassertedº,i.e., believedby
thecognitive agentwhosemind is (beingrepresentedby) theSNePSnetwork; cf. Rapaportet al.
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only differ in onenode(viz., M1); they might both shareall otherbeliefsabout
red thingsandaboutB1. (This is, admittedly, implausiblefor all but thecaseof
toy computationalcognitive agentssuchasCassieandOscar, but it will serve to
make my point.) Then,if Cassietells Oscarsomethingaboutsomeotherobject,
Oscarwill not fully appreciateall theconnotationsof Cassie's claim,becauseher
claimwill belinkedto the3-nodepropositionthatOscarlacks.(It mightbelinked
directly, if herclaim is aboutB1 or someotherredthing,or it mightbelinkedin-
directly, if thereis alongpathconnectinganodein herclaimto eitherB1 or RED.)
But in sucha caseof minimal belief difference,whatOscarmisseswill likely be
of only marginal concernand,hence,irrelevant.

Second,suppose,again for the sake of argument,that Cassie's andOscar's
mentalnetworksarestructurallythesamebut thatthey differ only in someof the
nodesrepresentingthe wordsthat expresstheir concepts.(In SNePS,theseare
the nodesat the headsof lex arcs,which arearcsthat relate(atomic)concepts
to termsexpressingthem. For moredetailson the semanticsof lex arcs,see
Shapiro& Rapaport1987.)Wemight thenhave thefollowing situation:

Nicolaasde Bruijn once told me roughly the following anecdote:Some
chemistswere talking abouta certainmolecularstructure,expressingdif-
�culty in understandingit. De Bruijn, overhearingthem,thoughtthey were
talking aboutmathematicallattice theory, sinceeverythingthey saidcould
beÐandwasÐinterpretedby him asbeingaboutthe mathematical,rather
thanthe chemical,domain. He told themthe solutionof their problemin
termsof latticetheory. They, of course,understoodit in termsof chemistry.
(Rapaport1995,

�

2.5.1.)

So,supposethat Cassieis discussingmathematicallattice theorybut that Oscar
is discussingchemistry, or thatCassieandOscararebothapparentlydiscussinga
battlebetweentwo opposingarmies,but Cassieis talkingaboutchesswhile Oscar
is discussingabattlein theCivil War.15 As longasthetwo agents'interpretations
of eachother's utterancesareisomorphic,neitherwill be ableto determinethat
they arenot talking aboutthesamething. Oscar, for instance,might not have the
“intendedinterpretation”of Cassie's utterances;but this will make no practical
difference:

JanandEdwigenever understoodeachother, yet they alwaysagreed.Each
interpretedtheother's wordsin his own way, andthey lived in perfecthar-
mony, theperfectsolidarityof perfectmutualmisunderstanding.(Kundera

1997,
�

3.1.;Rapaport1998,
�

3.
15I think this exampleis dueto JohnHaugeland,but I cannottrackit down.
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1978: 227. Quine's theoriesof radical translation(1960)andontological
relativity (1969)hoverstronglyin thebackgroundhere.)

Lynne Rudder Baker calls these `crazy interpretations' (personal
communication,21 April 1989). PerhapsCassieandOscarcouldcalibratetheir
interpretationsby referenceto therealworld. But I arguethat this is not accessi-
ble to them(see � 8 below, andRapaport2000b);any apparentsuchaccessis all
internal.Hence,I cannotrule out crazyinterpretations.But theneedfor success-
ful communicationmakessuchcrazyinterpretationsirrelevant. CassieandOscar
exist in asocialenvironment,whichconstrains(or helpsto constrain)thepossible
interpretations,even thoughit cannotrule out such“invertedspectrum”casesas
whereCassiemight be talking abouta mathematicallatticeandOscarmight un-
derstandherto betalkingaboutthechemicalstructureof somemolecule.Because
CassieandOscarsharea socialenvironment,thesedifferenceswill be irrelevant
insofar asthey have no pragmaticimplications.16 And to theextent that they do
havepragmaticimplications,they will make theneedfor negotiationevident.

How, then,doesnegotiationwork? How aremistakesdetectedandcorrected?
By a continualprocessof: (1) hypothesisformation(thebasicprocessof under-
standing);(2) hypothesistesting,someof whichtakestheform of furthercommu-
nicationbetweentheinterlocutors(usuallyin theform of questions:“By `X', did
youmeanY?”); (3) belief revisionbasedon theresultsof thetests;and(4) subse-
quentlearning.Themorewecommunicatewith eachother, themorewelearn.We
canaskquestionsandmatchtheactualanswerwith our hypothesizedone,or we
canmake trial statementsandmatchour interlocutor's responsewith onewe ex-
pect.If thequestionis notansweredasweexpect,or if thereply is surprising,we
reviseourbeliefs.By successive approximation,we canasymptoticallyapproach
mutualcomprehension(cf. Rapaport1976:178–180,Rapaport1985/1986:84–
85).

Negotiation,moreover, is computableandhencecanbe part of a computa-
tional theoryof mind andlanguage.In additionto Sidner's work (cited above),
GraemeHirst andhis colleagueshave developeda computationaltheoryof how
humanscan negotiatemeaningsin the serviceof correctingconversationsthat
risk going astray(Hirst et al. 1994, McRoy & Hirst 1995, Hirst 2002). And

16And thereforethey will be logically equivalent,or so Edwin Martin arguedin unpublished
lecturesat IndianaUniversityin Spring1973.They canhave pragmaticimplicationsastheresult
of ªjoint sensoryandmanipulativeactsº,asmy colleagueStuartC. Shapirohaspointedout to me.
Becauseof the ®rst-personpoint of view, however, the mentalrepresentationsof theseactsare
whatreallymatter.
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Anthony Maida has discussedrelevant issuesin agentcommunication,focus-
ing on thedetectionandcorrectionof “existentialmisconceptions”suchas“ref-
erentmisidenti�cation” (Maida 1990, 1991, 1992; Maida & Tang 1994, 1996,
1997).Thereis alsoa largeandgrowing literatureon “agentcommunicationlan-
guages”for systemsof multiple computationalagents,many of which might be
equippedwith differentontologies(cf. Chaib-Draa& Dignum2002,andtheother
papersin their specialissueof ComputationalIntelligencedevotedto the topic).
However, whereasHirst, Maida,Sidnerandtheir colleaguesareprimarily inter-
estedin human-humancommunicationor human-computercommunication,the
agent-communication-languagecommunityis primarily interestedin computer-
computerinteractions;thesearemoretractable,becausethehumansupervisorsof
suchsystemshave controlover thebasicassumptionsof their systems.Onepos-
sibleexceptionis Reedet al. 2002,which discussestheimportanceandnatureof
negotiationamong“autonomousagents”communicatingin a formal agentcom-
municationlanguage,but it is not immediatelyclearhow their theoryappliesto
cognitiveagents.Thequestionof how “social” (i.e.,common)meaning“emerges”
from individualor �rst-person-point-of-view meaningis alsoof relevance,but be-
yondour immediatescope(cf. Putnam1975and,especially, Gärdenfors1993).17

8 Bruner' sTheory of NegotiationandLanguageAc-
quisition.

JeromeBruner'sstudiesof languageacquisition(1983)shedlight oncommunica-
tion andnegotiation.Accordingto Bruner, childreninterpretandnegotiateduring
acquisitionof their �rst language:

The negotiation [betweenadult and child] hasto do, probably, leastwith
syntax,somewhatmorewith thesemanticscopeof thechild's lexicon,anda
very greatdealwith helpingmake intentionsclearandmakingtheir expres-
sion�t theconditionsandrequirementsof theªspeechcommunityº,i.e., the
culture. . . . The developmentof language. . . involvestwo peoplenegoti-
ating. . . . If thereis a LanguageAcquisition Device [LAD], the input to
it is not a shower of spoken languagebut a highly interactive affair shaped
. . . by somesortof anadultLanguageAcquisitionSupportSystem[LASS].
(Bruner1983:38±39.)

17For ausefulbibliography onnegotiationin language,seeOeller1998.
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In a passagethat is virtually a summaryof muchthat I have beenurging, Bruner
setsoutanexampleof languageacquisitionby thechild:

. . . referencecanvaryin precisionfrom aratherwooly vaguenessto aproper
singular, de�nite referringexpression.Indeed,two partiesto a conversation
may refer to the ªsameºtopic with widely differentdegreesof precision.
Theªelectricityºthata physicistmotherhasin mind will not betheªsameº
aswhatherchild comprehendswhenshewarnshim aboutgettinga shock.
Still thetwo maycarryon aboutªelectricityºin spiteof this inde�niteness.
Their conversationalnegotiationmayevenincreaseherchild'sde�niteness.
Truth is notall thatis involvedin suchcausalchains.Thechild'sconception
of electricitymaybevacuousor evenwrong,yet thereis a joint referentthat
not only existsin suchasymmetricconversations,but thatcanbedeveloped
bothfor its truthvalueandits de�niteness.(Bruner1983:67±68.)

Thereis muchto applaudin thispassage,but alsomuchto take issuewith and
make moreprecise. For example,by `reference',Brunermustmeanthe act of
referring,for referenceasunderstood,say, in theFregeanway is anall-or-nothing
affair: A wordeitherrefersor it doesn't. Referencecannot“varyin precision”,but
actsof referringcould: Speakerscanbemoreor lesscareful,moreor lesssloppy,
moreor lessdetailedin their useof words. Furtheralong, the fact that Bruner
choseto usescarequoteswhenstatingthat the two speakers “may refer to the
`same'topic” suggeststhat,indeed,“the” topic is not the“same”,or elsethatthe
referringexpressionsusedareassociatedwith “widely different” concepts.So,
again,heis not talkingabouttheexternal,Fregeanreferentof theword.

What the physicist motherandher child do have that are“widely different”
aretheir internalconceptsassociatedwith their commonword `electricity'. In-
deed,the physicist will have a vast, complex network of concepts(even vaster
thantheordinaryadult),whereasinitially thechild will havenone(it will be“vac-
uous”),or, at best,thechild will have a conceptof something—heor sheknows
notwhat—called̀ electricity'. (Thisotherwisevacuousatomicconceptexpressed
in English by `electricity' is what is representedin SNePSby the nodeat the
tail of a lex arc.) What is the “same” is the referring term, part of the public
communicationlanguage;theassociated(mental)conceptsaredifferent.

Thereis no place(so far) in Bruner's descriptionfor the externalreferent—
electricity—itself.So,whenmotherandchild “carry on about`electricity' ”, are
they bothtalking aboutelectricity itself? No, or not necessarily:“Truth is not all
that is involvedin suchcausalchains.” Rather, they aretalking “about” theword
(i.e., thet of Fig. 2). Here,onemustbecarefulnot to confuseusewith mention:
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Theonly thing in commonis theword. Therearetwo, distinct meaningsfor the
word: thephysicist-mother'smeaningandthechild'smeaning(i.e.,theCA andCB
of Fig. 2). Thegoal—inthelong term—isfor thechild's meaningto beasmuch
like themother's asmakesno difference.(In thecaseat hand,this mayin factbe
too muchto ask,sincemostparentsarenot physicists.Sothegoalneedonly be
for thechild's meaningto beasmuchlike anordinaryadult's meaningasmakes
nodifference.)As the“conversationalnegotiation”continues,thechild's concept
will becomemoredetailed,approachingthatof themother.

“Truth is not all that is involved”, but is it involvedat all? Brunerdoessay, at
theend,that“thereis a joint referent”,but what is that joint referent?Onemight
expectit to beelectricityitself (i.e., theC of Fig. 2). But Brunergetsa bit murky
here.He saysthat the joint referent“can bedeveloped. . . for its truth valueand
its de�niteness”.If so,thenit cannotbeelectricityitself, becauseelectricityitself
hasno “truth value”; it would bea category mistake to sayso,for only sentences
have truth values.However, the term`electricity' doeshave the next bestthing:
a Fregeanreferent. This is consistentwith the view developedin the previous
paragraph.

Anotherargumentagainstelectricity itself beingBruner's “joint referent” is
thatelectricity is neither“de�nite” nor “inde�nite”. But our theoriesor concepts
of electricitycanbe. So,couldthejoint referentbethecommonconceptof elec-
tricity that the motherhopeswill be established?If so, why shouldBruner—or
we—think theremustbe sucha thing? What, indeed,would it be? What is in
commonis indeedonly theword; therearetwo differentmentalconceptsassoci-
atedwith it, andthechild's “can bedeveloped”. Thereis no needfor a common
conceptor acommonexternalobject(cf. my discussionof Potts1973in Rapaport
2002).Rather, thepicturewegetfrom Bruner'sdescriptionis this: Thereis some-
thing “joint”, namely, theword `electricity'. And thereis a referent—infact,two
referents:Eachpersonusesthesameword to “refer” to his or herownconcept;
by negotiation,theconceptscomeinto alignment.

Thereis, in asense,somethingshared.Brunersaysthat“the means[for refer-
ring, or perhapsfor the intent to refer] comprisethe setof proceduresby which
two peopleestablish̀ jointness' in their attention” (Bruner 1983:68). In what
senseis their attention“joint”? Perhapsin thesensethatwhatI amthinking of is
whatyouarethinking of, thoughthe`is' hereneednot bethe“is” of identity—it
is morelikely the“is” of equivalenceor correspondence,asin nodeM12of Fig-
ure4. That�gure showsa SNePSrepresentationof a situation,similar to theone
Brunerdescribes,in which (1) I believe thatsomethingcalled`electricity' shocks
(nodeM4! ); (2) I believe thatyou(my interlocutor)believe thatsomethingcalled
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Figure4: M2! = (I believe that)B1 is called`electricity';
M4! = (I believe that) B1 shocks(i.e., I believe that there is something

(viz., B1) called`electricity' andthatit shocks).
M7= B3 is called`electricity';
M6= B3 shocks;
M9! & M11! = (I believe that)B2 believesM6andM7

(i.e., I believe thatyou(viz., B2) believe thatthereis
something(viz., B3) called`electricity' andthatit shocks).

M12! = (I believe that)B3 = B1 (i.e., I believe thatwhatyoucall `electricity'
is whatI call `electricity').

(Theªyouº-pointermechanismis basedon theI-pointerof Rapaport,Shapiro,
& Wiebe1997.)
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`electricity' shocks(nodeM9! ); and(3) I believe thatwhatyou call `electricity'
is what I call `electricity' (nodeM12! ). That is, what I amthinking of is what I
believe that you arethinking of. What is “shared”is all in onemind (eitherthe
child's or themother's)—sharedby virtue of oneof themhaving bothhis or her
ownconceptaswell ashis or herown representationof theother's concept,plus
somewayof comparingthem.

It is temptingto saythatyour intensionalconceptof somethingcalled`elec-
tricity' correspondsto the sameexternalobject in the real world that my inten-
sionalconceptcorrespondsto, but this temptationmustbe resisted,sincethat is
reallyonly sayablefrom athird-personperspectiveof someonewith simultaneous
accessto thecontentsof our mindsand theexternalworld (cf. Rapaport2000b),
which is animpossible“view from nowhere”(to borrow Nagel's (1986)phrase).
Suchacomparisoncannotbemade“across”two distinctminds.A conceptin one
mind mayindeedbesimilar to (or identicalto, thoughnumericallydistinctfrom)
aconceptin anothermind. But whohasthewarrantto makesuchaclaim,except,
perhaps,God,whomighthavesimultaneousaccessto thecontentsof bothminds?
Theonly way for uspoormortalsto make sucha claim is within our own minds.
I cancomparetwo conceptsthatarebothin mymind. If oneof themis myrepre-
sentationof your concept,then(andonly then)I cancompareminewith “yours”
(moreaccurately, with my representationof yours). This is what the theoryof
syntacticsemanticscallsthe“internal (or `narrow'), �rst-personpointof view”.

So,thereis noneedeitherfor ajoint externalreferentor for ajoint internalref-
erent.Thereis only needfor suf�cient similarity of structureof eachconversant's
internalnetworksfor conversationto continuesuccessfully:

Achieving thegoal of referringhaslittle to do with agreementabouta sin-
gularde�nite referent.It is enoughthatthepartiesto a referentialexchange
know thatthey shareenoughoverlapin theirfocalattentionto makeit worth-
while continuing. . . . Whenthephysicistmothertellsherfour-year-old that
hehasjustbeenshockedby ªelectricityº,shedoesnotandneednotassume
thathehaseitherthesameextensionor intensionof theconceptasshedoes.
Nor needshecare,if theconversationcanonly continue.

The problemof how referencedevelopscan, accordingly, be restated
asthe problemof how peoplemanageanddirect eachother's attentionby
linguisticmeans.(Bruner1983:68.)

This notion of a speaker directingthe hearer's attentionis importantfor the
issueof whethernon-humans(includingbothcomputersaswell asotheranimals)
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canunderstandanduselanguage(cf. Terrace1985),but it is beyond the scope
of thepresentessay(see,however, Rapaport1996, � 9.4). For now, notethat the
picturewehave,bothfrom ourown theoryandfrom Bruner's, is this:

1. A cognitive agentA, communicatingwith anothercognitive agentB, refers
to (communicatesa referenceto?)someobjectC (or somementalconcept
CA) via termt iff A directsB's attentionto think about(for example,to �nd
or elsebuild in B's mentalsemanticnetwork) a C-conceptexpressedby t
(for example,a conceptat thetail of a lex arcto t). Call it CB. (CB might
representC, or it might representCA.)

2. Moreover, if thecommunicationis successful,CA andA's representationof
CB will bemoreor lessequivalent,andCB andB's representationof CA will
be moreor lessequivalent,wherethe equivalencebecomes“more” rather
than“less” by negotiation.

I' ll concludethis discussionof Brunerwith onemorequotation(but seeRa-
paport1996, � 9.6,for furtherdiscussion):

JohnLyons. . . entitlesanessayªDeixisastheSourceof Reference.º . . . I
think an equallystrongcase[can] . . . be made. . . that discourseanddia-
loguearealsothesourcesof reference.If they werenot,eachspeakerwould
belockedin awebof isolatedreferentialtrianglesof his [sic] own makingÐ
if indeedhecouldconstructsuchawebonhis own. (Bruner1983:88.)18

That is, negotiation is a sourceof reference.More precisely, oneway to getout
of the “web of isolatedreferentialtriangles”19—to “ground” one's symbols—is
by meansof dialogue.Note,however, that,evenon Bruner's own view, dialogue
doesnot really get us “out” of our internalnetwork, sinceall it cando is setup
correspondencesin eachspeaker'smindbetweenobjectsin two beliefspaces:the
speaker's and the speaker's representationof the hearer's (togetherwith corre-
spondenceswith internalrepresentationsof externalobjects).

18For work ondeixisrelatedto syntacticsemantics,cf. Duchanetal. 1995.
19Circles,however, seemto meapreferablegeometricmetaphor.
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9 Understandingand GeneratingLanguage.

Whathappensin communication?WhenI speak—whenI generateanutterance—
I generateexpressions“that arepertinentto the[neurophysiological]stimulusand
areusableto narratethe primary [neurophysiological] displaywhen insertedin
appropriategrammaticalstructures”(Damasio1989:25). For example,I conceive
or perceiveanobject,whichcausesneuronalactivity representingits featuresand
structure.Thisactivity is linkedto otherneuronalstructuresthat“generatenames”
(Damasio1989:25) that,in turn,allow meto communicatetwo thingsto you: (1)
that I amthinkingof anobjectand(2) what it is.

But “I cannotbe surethat the meaningof a word I say is the samefor the
personto whomI directit” (Vauclair1990:321).And thereis anequalbut oppo-
siteuncertaintyon thepartof thehearer. As my colleagueJorgeJ.E.Graciahas
expressedit,

We do not perceive ideas;what we perceive are certainphenomenathat
suggestto uscertainideas. If I askyou, for example,ªDo you approve of
whatthePresidentdid?ºandyoufrown in return,I concludethatyoudonot.
But it is altogetherpossiblethatyoudo in factapprove . . . , althoughyou . . .
misleadmeby makingthefrown. My conclusionthatyou do not, then,can
betakenonly asaninterpretationof whatyouarethinkingbasedoncertain
empiricalevidencethat is only indirectlyrelatedto whatyouthink. (Gracia
1990:495;my emphases.)

I can't have direct accessto your thoughts,only to your languageactsandges-
tures.My interpretationis notof whatyouarethinking,but of your languageand
gestures.It is, asnotedabove( � 5), adefeasibleconclusion.

Possibly, however, symbolsdon't “convey meaning”.Here,I amusing`con-
vey' in thesensefoundin aCalvin& Hobbescartoon(22February1990)in which
Calvin (a smallboy) hasjust built anabstract“snowman” with a largehole in it.
The following dialogueensuesbetweenCalvin and his imaginarytiger friend,
Hobbes:

Hobbes:How'syoursnow artprogressing?
Calvin: I' vemovedinto abstraction!
Hobbes(lookingwith puzzlementat theªsnowmanº):Ah.
Calvin: This pieceis abouttheinadequacy of traditionalimageryandsym-

bolstoconvey meaningin today'sworld. By abandoningrepresentation-
alism,I'm freeto expressmyselfwith pureform. Speci�c interpretation
givesway to amorevisceralresponse.
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Hobbes:I noticeyouroeuvreis monochromatic.
Calvin: Well c'mon, it' s just snow.

Insteadof the speaker's symbols(expressions)conveying meaning—andin-
steadof thehearerhaving to interpret theexpressions—they elicit meaningin the
hearer's mind (i.e., they actasstimuli to “activate” concepts;they producea“vis-
ceralresponse”).With luck andnegotiation,the ideaselicitedor activatedin the
hearer's mind areconstrainedby the context andthe dialogueto be structurally
similar to thespeaker's ideasexpressedby thespeaker's symbols.

Again, it is temptingto saythat,becauseof structuralsimilarity, thehearer's
ideascorrespondto thesamethingsthat thespeaker's correspondto. But, again,
the temptationto usesuchexternal, third-personmodesof expressionmust be
resisted.In additionto thereasonsdiscussedin theprevioussection,theremight
not beanything in theexternalworld for our ideasto correspondto: Figure2'sC
mightnotexist. Yetour languagebehavior is nodifferentin thecasewhenC does
exist thanin thecasewhenit doesnot (cf. Rapaport1981).

10 Winston'sProblem
for KnowledgeRepresentation.

If a lion couldtalk, wecouldnotunderstandhim. (Wittgenstein1958:223.)

Will negotiationalwayswork? If a computercould talk, would we understand
eachother?Cognitiveagentswith different(typesof) bodiesmighthavedifferent
concepts;we would literally be thinking different things. (As in a New Yorker
cartoonshowing a manwaiting for a greenlight so that he cancrossthe street;
themanis thinking “Work. Eat. Sleep.Work. Eat. Sleep.”, while thetraf�c light
is thinking “Green. Yellow. Red. Green.Yellow. Red.” Or asin a GaryLarson
Far Sidecartoon,“How birdsseetheworld”, showing abird's-eyeview of aman,
a woman,anda dog,eachwith a targetsuperimposedon them.)Theconceptsof
suchcognitive agentswould bethoughtsnonetheless,but suchdifferencesmight
make mutual comprehensionimpossible. I will call this `Winston's Problem',
in honorof a formulationof it by Patrick Henry Winston in his early work on
machinelearning(thougharguablythehonorshouldgo to Wittgenstein):
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Simulationof humanintelligenceis notaprimarygoalof thiswork. Yet for
themostpartI havedesignedprogramsthatseetheworld in termsconform-
ing to humanusageandtaste.Theseprogramsproducedescriptionsthatuse
notionssuchasleft-of, on-top-of,behind,big, andpart-of.

Thereareseveral reasonsfor this. Oneis that if a machineis to learn
from a humanteacher, thenit is reasonablethat themachineshouldunder-
standandusethesamerelationsthatthehumandoes.Otherwisetherewould
be thesort of differencein point of view that preventsinexperiencedadult
teachersfrom interactingsmoothlywith smallchildren.

Moreover, if themachineis to understandits environmentfor any rea-
son,thenunderstandingit in thesametermshumansdo helpsus to under-
standandimprove themachine's operation.Little is known abouthow hu-
manintelligenceworks,but it would befoolish to ignoreconjecturesabout
humanmethodsandabilitiesif thosethingscanhelpmachines.Muchhasal-
readybeenlearnedfrom programsthatusewhatseemlikehumanmethods.
Therearealreadyprogramsthat prove mathematicaltheorems,play good
chess,work analogyproblems,understandrestrictedformsof English,and
more. Yet, in contrast,little knowledgeaboutintelligencehascomefrom
perceptronwork andotherapproachesto intelligencethatdonotexploit the
planningandhierarchicalorganizationthat seemscharacteristicof human
thought.

Anotherreasonfor designingprogramsthat describescenesin human
termsis that humanjudgmentthenservesasa standard.Therewill be no
contentmentwith machinesthat only do aswell ashumans.But until ma-
chinesbecomebetterthanhumansat seeing,doingaswell is a reasonable
goal,andcomparingtheperformanceof themachinewith thatof thehuman
is aconvenientwayto measuresuccess.(Winston1975/1985:143;cf. Kirsh
1991:22±24,Maida1985).

Winston's Problemconcernswhatmight happenif theknowledge-representation
language(i.e., languageof thought)of a computersystemthatcanlearnconcepts
differs signi�cantly from that of humans.Accordingto Winston(andWittgen-
stein),whatwouldhappenis thatthetwo systems—computerandhuman(or lion
andhuman)—would not be able to understandeachother. How seriousis this
problem?Quiteserious,accordingto JosephWeizenbaum,whoobservedthatthe
intelligenceof computers“mustalwaysbeanintelligencealiento genuinehuman
problemsandconcerns”(1976:213).

Thereare reasonsto be optimistic, however. Winston's Problemcomesin
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differentdegrees:
1. Considertwo computationalcognitiveagents,CassieandOscar, whoshare

botha public communicationlanguage(say, English)anda languageof thought.
Forconcreteness,supposetheirlanguageof thoughtis theSNePS/Cassieknowledge-
representationlanguage(asdescribedin Shapiro& Rapaport1987). Winston's
Problemwould arisehereonly to theextent that it arisesfor any of us in every-
day life: I, asa male,cannever experiencepregnancy; so,my understandingof
`pregnant' is qualitatively differentfrom thatof a female(certainlyfrom thatof a
femalewhohasbeenpregnant).Yet I usetheword,amnotmisunderstoodwhenI
useit, andcanunderstand(within recognizedlimits) a woman's useof it.20 Inso-
farasourexperiencesdiffer—insofaraswehavedifferentbackgroundor “world”
knowledge—thento that extent will we mutually misunderstandeachother. As
we have seen,though,the morewe communicate—andtherebynegotiate—the
morewewill cometo understandeachother.

2. If CassieandOscarshareonly a languageof thought,but notapubliccom-
municationlanguage,thenthereis anextralayerof dif�culty dueto thedif�culties
of translation.Still, with enoughwork,dialogue,andexplanatoryglosses,thiscan
beovercome(cf. Jennings1985,Rapaport1988).

3. In eitherof the above cases,thingswould be madeworseif Cassie's and
Oscar's “conceptualschemes”differ. By this, I don't meanthattheir languagesof
thoughtdiffer, but thattheir “world knowledge”is sodifferentthatevencommon
experienceswouldbedifferentlyinterpreted—andradicallyso:

The falling of a mapleleaf is a signof autumn. . . becausewehave estab-
lisheda connectionbetweenthemon thebasisof certainobservationsand,
therefore,usethe phenomenain questionto indicatesomethingof interest
to us. A differentculture. . . might seethefalling of a mapleleaf . . . as[a]
sign of othereventsor even as[an] indicationof the divine will to punish
andrewardthem.(Gracia1990:502;my italics.)

And anthropologiststell us that whereWesternphysiciansseevirusesandbac-
teria, other cultures,suchas the Kulina of Brazil, seedori—a substance“that
permeatesthe �esh of shamans,giving themthe ability to cureaswell asto in-
jureothers”—injectedinto thebodyof avictim by ashaman(Pollock1996:329).
This is not unlike thesituationdiscussedearlierwherethereis a singlecomputer
programwith two distinct input-outputencodings,so thatonecomputeris taken
to bediscussingchesswhile theotheris takento bediscussinga Civil War battle

20Theexampleis Shapiro's andis discussedfurtherin Rapaport1988:116,126n20.
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(or oneis takento bediscussingchemistry, theother, mathematicallatticetheory).
Here,Winston'sProblembeginsto getabit moreserious.Nonetheless,it appears
thatwecanunderstandtheother's pointof view, evenif wedisagreewith it.

4. Winston's Problembecomesmore threatening,of course,when the lan-
guagesof thoughtdiffer. Evenhere,therearedegreesof difference.For instance,
CassieandOscarmightbothhaveSNePSlanguagesof thought,butCassie'smight
usethecaseframes(i.e., setsof arc labels)thatShapiroandI advocate(Shapiro
& Rapaport1987)whereasOscarmight usethoseadvocatedby RichardWyatt
(1990,1993). Herewe have an empirically testablehypothesisthat, say, oneof
thelanguagesof thoughtwouldbe“better” thantheotherin thesenseof enabling
thecognitiveagentwhoselanguageof thoughtit is to understand�ner discrimina-
tions. “All” wewouldhave to do to testit is implementCassieusingtheShapiro-
&-Rapaportcaseframes,implementOscarusingtheWyatt caseframes,andthen
let themconversewith eachother. (I put `all' in scarequotes,because,obviously,
we would alsohave to do lots of otherthings,suchasimplementunderstanding
andgenerationgrammars,giveCassieandOscarbackgroundknowledge,andde-
vise appropriatetestdialogues.) Conceivably, oneof the languagesof thought
might beso(relatively) impoverishedthat its “user” would simply not beableto
understandor expresssomedistinctionthattheothercould.

5. Another level of dif�culty—equally empirically testable—would ariseif
the two languagesof thoughtwere distinct membersof the samegeneralkind
of knowledge-representationlanguage.For instance,we might run our experi-
mentwith bothCassieandOscarimplementedin differentsymbolic,intensional,
knowledge-representationandreasoningsystems,say, Cassiein (someversionof)
SNePSandOscarin (someversionof) KL-ONE (Brachman& Schmolze1985,
Woods& Schmolze1992).

6. Thepotentialfor moreseriousinability to communicateoccurswhenone
of the computationalcognitive agentshasa connectionistlanguageof thought
while theotherhasa “classical”symbolicone. (A versionof Winston's Problem
arisesin thoseconnectionistmodelsin which it is not at all clearwhat, if any-
thing, the �nal weightson the connections“mean” in termsof the taskthat the
systemhaslearned.)This, I take it, is the situationWinstonhadin mind when
hereferredto work onperceptrons,thoughhewrotebeforeconnectionismwasas
well-investigatedasit is now. Therewould indeedbea problemif Cassie,whose
languageof thoughtwassymbolic,triedto “readthemind” of anOscarwhoselan-
guageof thoughtwasconnectionist.But aslong asthey spoke a common,public
communicationlanguage,negotiationvia dialoguemight overcomeany residual
problems.This, too, is testable.Indeed,for all we know, we aretestingjust such
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hypothesesasthisandtheonesproposedin points4 and5,above,everydaywhen
wespeak!

7. TheworstcasewouldbewhatI will call the“Black Cloudcase”:Consider
assimplea termas`in'. GeorgeLakoff arguesthat it is human-bodilycentered,
basedonourknowledgeof theinsideandoutsideof ourbodies(1987:271–273).
But considera cognitive agentwhosebodyis a “black cloud” in thestyleof Fred
Hoyle's (1957)novel. (Sucha science-�ctioncaseis necessaryhere,sincethe
wholepoint is that if wecan't imaginehow `in' couldbenon-objective, then,to
imagineit, we needa non-humanexample.)TheBlack Cloud,not having an in-
side,mightnothaveaconceptof “in”. How wouldsuchacognitiveagentdescribe
apeain acup?Topologically, thepeais onthecup.So,perhaps,“on” is anobjec-
tive concept.No matter. I would venturethatsuchremainingobjective relations
aretoo few to describethe world. Anotherexample: What about`inside', asin
a peainsidea closedbox? Perhapsonehasno conceptof “inside” the box, but
thebox makesnoisesif shaken,and,if opened,oneseesthatnow thereis a pea
on thebox (in the topologicalsenseof `on'). Notehow hardit would be for the
Black Cloudto translatehumanlanguage(or, at least,English). Herethereis no
commonkind of languageof thought,no commonconceptualscheme,no com-
monpubliccommunicationlanguage.Thiswouldappearto beacasefor despair,
thoughsomeareoptimistic(e.g.,Hoyle himself,andSagan1980:287–289).The
optimism,it shouldbenoted,comesfrom thehopethatthereis enoughof acom-
monbasisto getnegotiationaldialogueoff to a start. (Some,suchasMcAllister
2001,think thatsomeinnateconceptsareneededin additionto negotiation.)

How muchof a commonbasisis needed?Are computers(or computational
cognitive agents)so “alien” to us (asWeizenbaumsays)that thereis little hope
for a suf�ciently large commonbasis? Or, as perhapsSearle(1980) and oth-
erswould have it, soalien that thereis little hopethatcomputationaltheoriesof
natural-languageunderstandingandgenerationwill ever reachthe level of real
understanding?PerhapsLakoff (1987)is correctthat,for thereto beany hopeof
avoidingWinston'sProblem,a robotwill have to haveahuman-likebody, i.e.,be
anandroid.But how would we know whatanandroid's conceptsare?21 For that
matter, how doI know whatyourconceptsare?Whatconsiderationof thesecases
suggestsis thatWinston's Problemcanbeovercomeaslong asthereis a public
communicationlanguageandaslongasweareableandwilling to negotiatein it.

21As Dick 1968asked,ªDoandroidsdreamof electricsheep?º.
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11 Conclusion.

A bookis a wayto hold themindof anotherin your hands.You canhavea
dialoguewith Plato. . . . Books.Howyoureach acrosstimeandspaceto be
with another's mind. (Advertisementfor DoubledayBook Shops,TheNew
Yorker 67 (18November1991)111.)

But minds are abstract(brainsand computersare physical). To be able to be
in causalcommunicationwith a mind, its ideasneedto be implemented—tobe
expressedin a syntacticmediumthat cansubsequentlybe (re-)interpretedin, or
by, anothermind.

When we communicate,we attemptto convey our internal meaningsto an
audience(a heareror reader)by meansof a public communicationlanguage:“A
book is a way to hold the mind of anotherin your hands.” Paradoxically, this
attemptalmostalwaysboth fails andnearlysucceeds.Nearmisunderstandings
canbeignored.Largeronescanbeminimizedthroughnegotiation—allowing us
to approach,thoughperhapsnever reach,completemutualcomprehension.
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Figure5: Informationgetssentfrom the sender's (i.e., Gar�eld the cat's) mind to the
recipient's (i.e.,Odiethedog's)by beingwrittenonpaper(thatis, by beingimplemented
in language).(FromPost-ItNoteP-788, c

�

1978,UnitedFeatureSyndicate.)

Figure6: My ideastravel from my mind, to my mouth,to your ears,to your mind, and
conversely. (FromSaussure1959:11.)

Figure7: How misunderstandingcanarise.
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Figure8: Onconveying meaning.

A New Yorker cartoon “How birdsseetheworld.”
illustratingWinston'sProblem. (A Far Sidecartoon

illustratingWinston'sProblem.)

Figure9:
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