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Intelligent About What?

I livein New England,andyearsago,| wasan enthu-
siasticfan of thelocal sportsteams:the RedSox, the Pa-
triots andthe Celtics. But the Red Sox broke my heartin
1978,whenthey blew a 14-gamdeadto losethe Ameri-
canLeaguepennanto theNew York Yankees.Coinciden-
tally, thiswasayearthatl found myselffarfrom homein
a communitylousywith Yankeesfans. The combination
wastoo much,andl haven't followedthemcloselysince.
TheCelticsbegantheirdecaysomeyearsago,andhaven't
beennearly as muchfun to watchasduring the 19805,
when| washooked. And somehav the violenceof pro-
fessionafootballnolongerspeakgo mein thesameways
thatit did whenl| wasfourteen,andso I’ ve lost track of
the Patriots,too. (Thoughthe last SuperBowl inevitably
caughtmeupto somedegree.)

The net resultof this is that thereexist barsin which
no humanpresentwould think me capableof intelligent
corversation.

I am intelligent aboutsomethings, even if my sister
thinksthisis amatterfor dispute.But| amonly intelligent
aboutcertainthings.| amintelligentaboutthingsthatare
partof my own sensoryexperiencepr thatl canfind some
way to relateto that experience. If, by the standardf
anothemersontherearecertainholesin my experience,
thoseholesrepresensubjectsaboutwhichthatpersorand
| cannottalk in a mannersatisfyingto eachother, unless
it is in the context of teacheandpupil.

Now assumefor a momentan intelligent computer
Thatis, a computercapableof observingits world, and
learningandcreatvity. Whatcouldthatcomputehave to
be intelligentabout? Most computerd know have noth-
ing in the way of senses.If | could say anything about
the sensef the onein front of me, | could saythat it
senseshekeys| hit, andit could probablybe quiteintel-
ligent aboutpatternsof bits. But that's aboutall. Evenl
canthink of moreinterestingthingsto sayaboutprofes-
sionalsportsthanthis computercould ever hopeto think

May 3, 2002 1

of aboutarny humansubject.

Now supposd give my computeran eye. A camera
feedingdirectly into its innards. This is a start, but it's
only a start. In additionto the eye, we have to figure out
how to give the computera richnessof experiencepro-
found enoughthatit canstartto drav conclusionsabout
whatit “sees. Experienceandgeneticshave taughtmy
eyeto detectmotionandcolor, but alsoto correlatethose
sensewvith others,andwith short-termpredictionsof the
future. | canseewind on waterandcorrelateit with the
feelingon my cheek.I canseeaglassof beercomingmy
way andcorrelatet with eitherthetasteof thebeeror the
needto duck, dependingon how fastit’s coming at me.
Mostimportant,experiencehastaughtme— andcontin-
uesto teachme, | amsorryto say— whereit is important
to payattentionin a situation.

Whenwe countfive asthe numberof sensesve have,
we areguilty of avastundercountAt the simplestlevel,
my eyes can detectmotion, brightness,color, distance,
and pattern(or its absence).They do this by analyzing
the light that falls on them, so we call theseall aspects
of the samesenseput they aretruly differentsensesas
anyone knows who hastried to endav a computerwith
sight. And thislist is notexhaustie. We candebateabout
whetherthesearepartof my sensoryor my cognitive ap-
paratusbut let’s pointoutthatmy eyescanalsorecognize
facesreadlettersfrom the romanalphabetandwarnme
of certainkinds of danger Someof the “processing’for
thesestimuli may even happenin my eyeball, beforethe
“signal” reachesny brain.

After we're donepointing out the mary waysin which
thecanonicafive sensesanbesubdvided,let'salsonote
thatmy immunesystemis alsoconstantlydetectingchem-
icalsasl contactthem,andthatthereis substantialnter-
play betweerthe neuralandthe immunological(Gilbert,
in press)with who knows whateffect; thatl mayor may
not have a vomeronasabrganto detectpheromonesand
that the nenes that sendme signalsfrom my stomach,
lungs, bladder musclesand intestinesarent necessarily
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coveredunder“touch” in thatcanonicalist.

Thepointis thatthereisn’t yeta computeraroundthat
can even begin to approachthe rangeof sensed can
muster The range of experiencespossiblewith these
sensesvould be difficult, perhapampossibleto corvey
to anyone who cant experiencethem himself. | don't
know how | would ever describethemto a computer
Whatlanguagecould| use?

On the otherhand,I'm not surethat | have any way
to interpretwhat may be a perfectlyintelligent statement
abouta seriesof bits, or to appreciatehevarietiesof pain
causedy acorrupteddiskfile.

This soundsflip, but considerit anyway. A computer
might be perfectlyintelligent— ableto make inferences
aboutwhat it experiencesandto think creatvely about
the future — but how would | know? How would it ex-
presstheseideasto me? How could it evenbegin to de-
scribeto me things| cant feel? Without a sharedex-
perienceon whichto groundour corversationsignificant
communicationcannothappen. My childrenand | can
only really talk aboutthingsthatwe share,or canimag-
ine sharing.It’s hardto imaginewhatexperiences could
sharewith aneyelessmachinein a stationarysteelbox.

O O O

A greatdeal hasbeenwritten aboutnaturallanguage
processingn computersandabouthow to geta computer
to handlea naturallanguagein a way that could fool a
humaninto thinking shewastalking to anotherhuman.
The prospectof inventinga machineto understandspo-
ken commandsor to translateEnglishinto Finnishis so
appealinghatit hassupportedforty-yearattempto seek
the mechanicalunderpinningof the languagewe useto
talk to oneanother Sadly afterforty yearsof trying, no
onehasyet succeededWe have machineghat cantran-
scribespoken speechand matchit up with pre-&isting
commandsyllables,andwe have lexicon-translatorghat
cando a fair job translatingsimple sentence$rom one
languageo another but thereis no machineyet thatcan
manipulatedayto daylanguagesvenaswell asanaverage
threeyearold.

Fifty yearsof molecularbiology have broughtusto the
pointwhereit is possibleto seewherethe lure of abstract
information have and have not beenhelpful to progress
in the field. Despitethe almostperfectanalogybetween

1Forthatmatter how doesit evenknow | amhereto hearthem?! tap
at its keys, but why not interpretthat asfriendly patting,or somekind
of environmentalwhite noise?It took HelenKeller quite sometime to
realizethatAnne Sullivanwastrying to communicatevith herby patting
herhand.How long will it take amachine?
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DNA basesequenceanddigital datathepuzzlesof hered-
ity have provento beonly partially responsieto solutions
proposedy applicationsof informationtheory The con-
clusionto which biology hasbeenforcedis thatit may
notbetremendouslysefulto think of DNA as“informa-
tion,” andtheremay even be good reasongo avoid the
characterizatioR.

Perhapst is time to concludesomethingsimilar about
the structureof the languagewe use:thatwhile thereare
surface structuresstrongly suggestie of a formal deep
structure strongly suggestingsomethingis not the same
asbeingit. Thatis, thereis a goodanalogyto be made
betweennaturaland formal languagesand while it is a
goodanalogyit is only ananalogyandcannotbepressed
toofar. Let'slook briefly attheoriginal sourceof theidea.

Information, Please

In hisclassigpaperwhichbecamehefoundationof the
field of informationtheory ClaudeShannorwrotethis:

Thefundamentaproblemof communicatioris

that of reproducingat one point either exactly
or approximatelya messageaelectecdat another
point. Frequentlythe messagebave meaning

thatis they referto or arecorrelatedaccording
to somesystenmwith certainphysicalor concep-
tualentities. Thesesemantiaspect®f commu-
nicationareirrelevantto the engineeringprob-
lem. The significantaspectis that the actual
messagés one selectedrom a setof possible
messagesShannon1948)[emphasisn origi-

nal]

We are talking then, about messagesvhose content
comesfrom someset of possiblemessagesand whose
form is entirely independentf content. Thatis, whose
“syntax” is unrelatedo its “semantics. Seenasadelim-
itation of the classfor which the theory applies,this is
unexceptionable. It's the beginning of the presentation.
But it's hard to squarethe words usedwith that limited
intent. Shannonseemsto speakwith much broaderin-
tent, to cover all aspectf communicatiorbetweentwo
“entities; bethey animal,vegetableor mineral,andthat
seemgo betheway thetheorywaswidely understood.

But theseare Shannors assumptionsnot his findings.
Doescommunicatiomreally work thisway?

2See for example,Lewontin, 2000,0r Venteretal., 2001,p.1346.
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In mary casesthe answeris no. Look for a minute at
the simple caseof one computertransmittingsomedata
to another Let's hook themtogetherby a simple serial
(thoughby now slightly archaic)RS-232link. Onemight
considerthe “syntax” of messagetransmittedalongthis
line to be thatthey are composef eight-bit bytes,and
eachbyteis transmittedasan oscillatingvoltage,accord-
ing to rulesgoverningtiming andvoltages.

It is common,whentransmittinglarge chunksof data,
to put themafter a descriptionof the datato follow. For
example,to send100 16-bit integersin a way that will
keepit from beinginterpretedasa sequencef 50 32-bit
integersor a string of 200 8-bit charactersa computer

might putsomethindik e thisin thefront of themessage:

Int16[100]

The characterstring of text the samelength might be

indicatedlik e this=>
String[200]

Theseindicators (sometimescalled “metadata”) are
embeddedamongthe datatransmitted but are meantas
anindicationof thekind of datathat make up the actual
messageAre they thena partof the messageglescribing
anotherpart, or arethey an essentiapart of transmitting
integer or charactedata? Are they part of the meaning
of themessager thesyntaxof thetransmissiomprotocol?
Somesayoneandsomesaytheother It seemsnostlyto
dependonthelevel of analysisyou choose.

The potential compleity of this simple example is
dwarfed by technologiedsn daily useby millions. Data
transmittecacrosgheinternetis dividedandencodednto
“packets; which aretakenapartandreassembledccord-
ing to instructionstransmittedalongsidethe dataitself.
Thesepaclets are themseles usedto encloseencoded
data, suchas “MIME document$, which containtheir
own instructionsfor unpacking. The overall picture is
quite intricate; internetdesigndocumentgiefinesix dis-
tinct layersof abstractiorabove thebasiclevel of oscillat-
ing voltagesconnectingwo computers’

30f coursethis isn’t international. Ideographiclanguagesfor ex-
ample,needmary morethan8 bits of informationto specifya single
character

4In caseyou’re wondering they are:the physicallayer (kind of cable
connectingneighboringmachines)thedatalink layer (thekind of com-
municationbetweenone machineandits neighbor),the network layer
(how the computernetwork is laid out), the transportlayer (howv does
dataget from one computerto another) the sessionayer (hov doesa
programononecomputeicooperatavith aprogramrunningon another),
the presentatiomayer (whatkind of datais beingreceved), andthe ap-
plicationlayer (how shouldthatdatabe displayedto the user). You can
find moreinformationin IEC, 1994. As with the otherdomainsunder
discussiorhere thestandardutlinedby this schemes oftenhonoredn
thebreach.
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In additionto all theselevels of abstractionthe data
you sendcanbe pretty baroqueaswell. Commondata
formats, such as internet graphicsformatslike GIF or
JPEG,or documentformatslike Postscriptor PDF files
arefilled with this kind of metadata:descriptionsof the
dataenclosedn themessagefFromonepointof view, all
the bytesin a Postscriptfile are data,but from anothey
only the onesthat representharacterdo be printed are
data.Sowhichis it?

An importantpointhereis thatthis uncertaintyof inter-
pretationhasnothingto do with humans.The boundary
betweersyntaxandsemanticyariesaccordingo whether
themachindnterpretinghemessagés aline amplifier, an
Ethernetrouter, a firewall, an emailreadey or a worksta-
tion displayingsomedocumento ahuman.Eachof these
machinesasa differentopinion aboutwhatconstitutesa
messag@ndwhatconstituteghe syntaxof thatmessage.
Theresultis thatthe levelsarefairly confused andwhat
is percevedasthe meaningof themessageat onelevel is
quiteoftenregardedaspartof the syntaxof a higherlevel
message.

O O O

Soif we cant differentiatebetweersyntaxandseman-
tics even in machine-to-machineommunication,what
hopeis therewhenahumanis involved?Peoplehave been
working for yearstrying to uncoverageneratre grammar
for English— a systematiaefinition of the syntaxof the
languageindependentf themeaningof its vocatulary—
withoutever quitebeingableto defineaway placeswvhere
the meaningof the wordsinvolvedclearly influencesthe
structureof thelanguageTo cite justonewell-known ex-
ample from Terry Winograd(Winograd,1972):

Thecity councildeniedthewomenapermitbe-
causehey fearedviolence.

Thecity councildeniedthewomena permitbe-
causehey adwocatedviolence.

Here,thegrammaticatole of “they” — doesit referto
thewomenor thecity council?— canonly beresohedby
someoneavho knows not only the meaningsof the words
involved, but also somethingof city councils. Thereare
no cluesin thetheformal elementf the sentencesyou
needto know abouttheworld, too. You cannotresohethe
syntaxof thesesentencewithoutexperienceof theworld.

This is not a problemlimited to esotericexamplesen-
tencesdredgedup from the mindsof linguistswith noth-
ing betterto do. Theseissuescrop up in speechmost
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peopleencounterevery singleday. Slangmeaningsfor

commonwords abound,for example,and context is the
key (sometimesheonly) clueto which meanings meant
for aword. Homoryms,ambiguity andhow farto extend
universals(does“everyonedoesit” really meanthat ev-

eryonedoesit?), alsorequirea sensitvity to contet to be
understoocatorrectly

Finite Language?

For natural language,the secondof Shannors sug-
gestedrestrictionsis alsoa problem. He restrictsconsid-
erationto messageselectedrom some(not necessarily
finite) setof possiblemessagesHe talks of languageas
beinga “discretesequenc®f symbolschosenfrom a fi-
nite set, andfurther makesclearthat he regardsthereto
be no essentialifferencebetweenconsideringthe sym-
bolsof languagéo belettersor words® But thisis a vast
oversimplificationof how languageworks.

For onething, it is an error to imaginethatwordsare
usefully comparableao formal symbols. This statement
will incline someto reachfor adictionary, but let mefore-
stallthatattackby consultingsomedictionariesn support
instead.A few dictionariessit quietly on my shelf, but if
they could speak,they’d argue with eachother | have
onedictionary (Websters New Collegiate), for example,
that countseight intransitve and seven transitve mean-
ings for the word “walk,” including the baseballmean-
ings. Rightnext to it ontheshelfsitsanothe(TheOxford
Universal) thatcounts20intransitve andeleventransitive
meaningsincluding“to cheatat cribbageby moving your
opponents pegys; but not mentioningbaseball.If “walk”
canbeconstruedasa symbol,it is oneof somefluidity.

Thepeoplewhowrite dictionariesknow aboutthis,and
dictionarywritershave beenknown to causecontroversy
atleastwithin theteapotwheretempest®f thatsortrage.
Websters Third New International Dictionary was (is?)
controversial when it cameout in 1961 becauset ap-
pearedo ratify in an official organmary wordsthat had
beenconstruedas poor usagein the past® This kind of

even harderto regardwordsassymbols.Evenwithin the

contet of anagreedlefinition,themeaningof aword can

vary tremendouslydependingon its context. For exam-

ple, mary of the qualitiesof a “conversation"with some-
one dependvery much on who that someones. There
is a differencein kind betweenan adult’s corversation
with achild, afriend, or asoon-to-be-formelover,among
mary others,andtheseareall subsumedinderthe same
dictionary definition. The philosopherJulius Moravcsik

wrote thatthis kind of flexibility of meaningis anessen-
tial part of a languagebeing able to deal with what he

calledthe “constantbarrageof small semanticemegen-

cies” encountere@achday by peopletrying make them-

selesunderstood(Moravcsik, 1998,p.37)

Thelexicon cannotbeartheweightthat Shannoroads
uponit, and neithercanthe ideathat a sentencas just
a list of words. The wordsin a sentenceare crucial, of
course but soarethe relationshipdetweernthosewords,
andbetweerthosewordsandthecontext in whichthey are
spoken. Ignoringtheserelationshipss the classicerrorof
reductionism.The atomsof a sentencarethe easything
to seeandcount,but they arefar from theonly story. The
basesequenceof a strandof DNA is easierto seeand
quantifythanthe arrayof enzymesandcellularstructures
that surroundit, but that doesnt meanthatit's the only
importantpartof the story of development.

To look atanotherexamplefrom the physicalsciences,
theimportantthing aboutanalyzingthe behaior of agas
is the relationsbetweenthe moleculesthat make up that
gasandlesssotheindividualmoleculeghemseles.Sim-
ilarly, therelationsbetweenvords— layersof metaphor
allegory, metorymy, catachresishyperbole,andthe rest
of the rhetoricalmenagerie— createa large part of the
meaningin everydayspeech.The namesseemlik e dusty
relicsof high-schooliteratureclassesbut we all usethem
every day: “The White Houseis in a tizzy over all the
pressleaks. Theseare not just flourishes. Figuresof
speechcan createentirely nev meanings, andit is not
at all obviousthatall the possiblemeaningscanbe ade-
guatelydescribedasa “set” in the way Shannormeans
it.8

Time for anillustrative digression:onceupona time,

controversywould be impossibleif therewas consensus My householdwas entertaininga visitor of one of my

overwhatwordsmean.
Polysemyis anotherkind of ambiguity that malesit

5Shannon1948,p.5f. It doesnt matterthat muchfor this critique,
either Given all the differentsoundsit canindicate,what doesa “P”
standfor?

8David FosterWallacehasa goodaccountof someongoingcontro-
versiesof this sort. (Wallace,2001)He writes “Y ou canthink of Web-
ster’s Third assortof the Fort Sumterof thecontemporaryJsagewnars'
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roommatesWe wereall makingdinnertogetherandhav-

“Seefor example Kittay, 19870n metaphar

8Incidentally it is importantto noteherethat Shannormay noteven
bearthelion’s shareof theresponsibilityfor whatwasmadeof hisideas.
Others,suchasNorbertWiener Johnvon Neumann Walter Pitts, and
theirintellectualheirs,bearasmuch,or more. But thoughotherselabo-
ratedthe conceptdeyond all reasonmuchof the programwasspelled
outin theoriginal paper For thesale of this essaythen,consider‘Shan-
non” to bea specieof synecdoche.
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ing a goodtime teasingoneanother This wasthenormal
modeof discoursdan our house,andwe thoughtnothing
of it, but apparentlyourguestwasdisconcertedandshe a
greatproponenbf new-agecounselingstyles,saidat one
point: “Tom, | wantyou to do meafavor. Thenext time
youthink of somethingeasingo sayto me,| wantyouto
malke it acomplimentinstead.

Well, we were all quiet for a little bit after that, but
minuteslater shespilled wateron herlap whenshewent
to inspectthe bottomof the mug shewasholding, and|
tried to hold back, but it wasno use,so| did what had
beenasled,andsaid,"Arlene, that’s a really nice sweater
you're wearing! A momentlater someerrantspaghetti
splashedsauceon my glassesandshevery politely took
the opportunityto complimentmy haircut. Sofor therest
of theevening,notaninsultcouldbeheardin ourkitchen,
butthecompliments— andthelaughter— flew unusually
thick andfast.

What's In A Name?

The causaltheory of nameshasit right, but only for
half of the story of meaning’ Following this theory
“Socrates’refersto the philosopherbecauseéhis parents
saidso, andthey told him andhe told everyoneelseand
then someonetold Plato, and on and on. Presumably
somethingsimilar happenedo otherwords, and so we
have our lexicon.

Thecatch,of coursejs thatthecausakthainis notarow
of dominoedfalling over. Eachlink in the chainis a per
son,with his or herown hopesdreamsprejudicesagen-
dasandeven speechimpedimentsconnectedo the next
personin the chainby a generallyimperfectmethodof
communicatingdeas.For a chainabove a certainlength,
it seemdmprobableto imaginethat perfectcommunica-
tion couldtake place.Historiansknow this, whichis why
thebesthistoriesrely on multiple sourcesChildrenknow

In what way could the meaningof thesesentences this; they play “telephone, whisperinga phrasento each

be formally relatedto their structure? How could these
meaningspossibly be analyzedindependentlyof their

contt? My sentencavasnt evenuntrue;it wasa nice
sweaterIn fact,astherulesof thisgameevolvedoverthe
evening,the complimentsbestaved hadto be true (more
or less).Theunintendeckffect of thewhole situationwas
to grantan entirely new meaningto a whole classof sen-
tences— compliments— and the ramificationsperco-
latedthroughour householdtorversatiorfor the next few

days,wheneeroneof uspaidacomplimentto another

Becaus¢hemeaningof sentencedependsocrucially
on theworld in which they areto beinterpretedthereis
noway to enumerateheir meaningsThesetof all mean-
ingsis notjustinfinite, like theintegers,but uncountably
infinite, like theirrationalnumbers.Thereis thereforeno
way to fit theminto the kind of setthatwould satisfythe
limitations of informationtheory.

Thisis agoodthing,too, sinceit’s hardto imaginehow
civilization couldhave cometo beif all thepossiblanean-
ings onestone-agealenizenmight have wantedto corvey
to a companioncould have beenenumeratedn the lan-
guagethe two of themusedon one another Language
andcivilization grow andchangeaspeoplethink of new
meaninggo corvey to oneanother
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others’eararoundalargecircle to seehow themessagés
mangled.

Considerthe word “horse” Presumabljtherewas a
first somebodywho gave a nameto thosebig thingslum-
beringaroundthe steppes But the nameprobablydidn’t
soundmuch like “horse” The causalchain from that
personhasinvolved quite a bit of evolution of the word,
changingts soundanddefendingerritory from the Latin
“equus”andthe Greek"hippus; andwhat’smore,chang-
ing the category of animal implied by the word. The
horsesthatwe think of todayare not very muchlike the
horsesof the steppes.Further we now differentiatebe-
tweenhorsesdonkeys, burrosandponies.

But whatis a horseto me? Asidefrom aterrifying ride
on onearrangedy my third-gradeteacherl hadno con-
tactwith horsesvhenl wasgrowing up. My concepibf a
horseis mostlyfrom whatl read,andin quality notmuch
differentthan my conceptionof an aye-aye. But some-
onewho grew up riding horseswould have amuchmore
visceraldefinition of one. Thatpersonmight have anin-
tricateweb of sensorymemoriesabouthorseswhereall |
haveis imagesrom movie Westernsevolutionarycharts,
thethememusicfrom Mr. Ed, andadictionarydefinition.

The evolution of theworld andthe reality of linguistic
evolutiondictatethatit cannotbethe casethataword has
a timelessmeaning,but that it is given its meaningby
associatiomith theworld experiencedy thepersonwho
wields it. Thatworld containsboth sensoryexperience
andthe experienceof otherpeoples words. Somewords
aredefinedmostly by experiencenose.Somearedefined

9SeeKripke, 1980andPutnam,1988for the original elaborationof
thistheory
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mostly by otherwords: justice. And mostaredefinedby
amixtureof thetwo.

Thefactthatwordsareamixtureof thetwo is animpor-
tantpoint. Thereis arisk of infinite regresso imaginethat
wordsareonly definedin termsof otherwords.But thisis
nottrueif we look at differentwordsascontainingdiffer-
entproportionsof “experience-meaningdnd“dictionary-
meaning. As Dennettpointedoutin relationto the con-
cept of the homunculus,thereis no infinite regressin
imaginingnestechomunculi,solong asthey getprogres-
sively dumberasyou go down. Similarly, solong asthe
proportionof experience-meaningrows asyou descend
thelevelsof dependenimeaningyou’refine.

An inescapableamificationof consideringexperience-
meaningto be at the heartof our languageis that the
meaning®of my wordsdiffer from themeaningof yours.

O O O

The fact that we canstill usethe sameword to cover
our very different meaningssaysmore aboutthe social
corventionsof languagethan aboutsharedmeaning: it
is relatively easyto satisfyeachotherthatwe aretalking
aboutthe samething, even whenour internal definitions
differ soprofoundly.

As to theproblemof how we communicatevhenmean-
ing is sovariable,well therearerulesof languageve can
follow whenwe wantto be understoodbut mostlyit's a
hit andmisskind of affair. Let useachconsiderour own
experienceand personallyrefute the misconceptiorthat
the vastmajority of humaninteractionsarecharacterized
by a perfectunderstandingpetweerthe parties. The only
peoplewho could possiblyreally believe this are people
who have never beenon a date,who have never hadchil-
dren,who have never really consideredvhat goeson in
orderto condenseeal eventsinto storiesin a nevspaper

Wefool ourselesinto thinking of languagessanamaz-
ing tool of communicatiorby constructingandanalyzing
samplesentenceabouthills andballs,andimaginingper
sonalinteractionsasshallov asa transactiorat a corve-
niencestore.But whatdo peoplereally talk about?Food,
love, politics, religion, otherpeople the stockmarket, the
economytheweatherIn ary of theserealmsof discourse,
misunderstandingare the rule, not the exception. The
amazingpartis that,giventhevariedexperiencesve bring
to mostcorversationscommunicatiorcanhapperatall.
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A Logical Digression

A “formal” logical systemis onein which onecanef-
fectively distinguishbetweerthemeaningandstructureof
assertionsA systemof this sortconsistf two parts:the
rulesyou canuseto manipulateand combineassertions
in thatsystemto createotherassertionsandthe axioms,
which are the assertionsat the baseof the systemfrom
which all true statementn thatsystemarederived.

In trying to posit a setof rulesand axiomsfor a par
ticularobsenedsystemthereareseveraltrapsfor theun-
wary. Oneis thattheaxiomsandrulesusefulfor onescale
of analysismay not be applicableto another We saw this
earlierin the examplesaboutmachine-to-machineom-
munication. For ary given piece of internethardware,
thereis a setof applicableaxiomsandruleswith which
one can generatepossiblemessagedn that system. It
is, however, a mistale to try to useaxiomsusefulto talk
aboutthe transmissiorof bits to try to analyzethe struc-
tureof a Postscripfile.

Anothertrap involvesthe numberandcharacteiof the
axiomsthemseles. To resole the above exampleabout
city councilsandviolence,we couldaddanaxiomto our
systemaboutwhethercity councilsareever likely to ad-
vocateviolence. The problemthen becomessettingan
upperboundon the numberof axioms. Giventhe variety
of possibleexperienceit is highly unlikely thatwe could,
evenin principle,do so.

Whenl listento someoneelse(whosespeech under
stand),l am, in somesense processinghe meaningsof
the words, aswell asthe additionalmeaningimbued by
the structureof the sentences hear(aswell asmeaning
fromtheintonation thesituationandsoon). But| amalso
capableof inferring new grammaticabxiomsto usein my
understandingWhen| first heardsomeoneut “not” at
the endof a sentence| waspuzzledonly for a moment
beforel figuredout whatwasbeingsaid,andwhy, and|
suspecthe sameis true of mostpeoplewith anadequate
commandf English. You heara new rule, understandt,
and(if you decideyoulike it) you useit againlater.

The procesf readingRiddley Walker (Hoban,c1980,
1998printing) involves,in the early chaptersconstanin-
ferenceaboutthe usageof the languageused. It's close
enoughto Englishthatyou canguesswhat’s up, but far
enoughthatit’s clearlya stretch.

Any particularbrainis finite, so presumablycanonly
accommodatafinite numberf axioms.Butit is nowhere
written that the axiomsin my headare the sameasthe
onesin yours. If we posit, for the sale of aggument,the
existenceof a generatie grammarfor my language— a
setof axiomsandrulesof manipulationthat canbe used
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to generatall thethingsl canthink of saying— it would
not be the samestructureas the one that controlsyour
languagelf thereis suchathingasageneratregrammay
it mustdiffer from onepersorto the next.

If my generatre grammardependon my understand-
ing of Englishwordsandtheworld I livein, thenit cant
bethesameasyours.Further | can't have beenbornwith
it intact. Similarly, thoughone canfind mary parallels
betweenlanguagesit isn’t possibleto claim thatat root
they'reall thesame.

O O O

When Gottlob Frege wrote aboutthe possibilitesof a
formal logical system,he only consideredsystemswith
a finite numberof axioms. Later, the work of Hilbert,
Godel, and Turing extendedthis to an enumerablyinfi-
nite numberof axioms® But it cannotbe the casethat
aformal system— onewhereyou canplausiblyseparate
syntaxandsemantics— containsan uncountablyinfinite
numberof axioms.

So perhapsthis is both the answerto why it appears
thatageneratre grammaiis possible andwhy it seemso
hardto actuallyachiese. Therulesof grammaiarefinite in
ary givenindividual,whichimpliesthattheseparatioie-
tweensyntaxandsemanticss perfectlyplausible(though
still debatable).However, solong as peopleremaincre-
ative, andcontinueto be born, the numberof rulesis, in
principle,infinite acrosghe societyof commonlanguage
spealers,whichis wheretheassumptiorbreaksdown.

In the context of Frege and systemsof formal logic,
“finite” meandfinite in principle, whereasn the context
of cognitive psychology“finite” meansonly finite in this
particularbrain,or atthisparticulartime. To claimthatthe
Englishlanguagefor example,is boundedby afinite set
of axiomsis to dery the obvious reality of the evolution
of thatlanguage.

We cancompareChomsly to Thor visiting Utgard.He
was challengedto empty the giant Skrymir’s drinking
hornin one gulp, but didn’t realizeit was connectedo
the sea.Evenso, hedranksomuchthatthe oceanebbed.
Chomsly, similarly, has spentdecadedrying to codify
the apparently-finite but in-principle-infinite. The work
hasprofoundlydeepenedur understandingf language,

10A formal systemcan accommodaten infinite numberof axioms
only if they aregeneratedrom afinite numberof axiomschemasSo,for
example,you canhave aninfinite numberof axiomsof theform “six is
a positive integer” and“seven is a positive integer” andsoon. Turing
statedthe requirementn termsthat are more familiar now: a formal
systems onewhereaxiomscanbe— atleasttheoretically— combined
by acomputerto createproofs.
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but the original goal of providing a systemati@ccountof
thedeepstructureof all humanlanguageno longerseems
reachable.

But let’s rejectManicheanism.Justbecause genera-
tivegrammaimaynotbepossiblan thewayit’ sbeenpro-
poseddoesnt meanthatelement®f onearenotpresentn
ourbrains.Theideawouldn’t have madesuchanimpactif
it hadnt hadtremendougxplanatorypowerwhenapplied
torealdata.Thisis nottheplacefor aseriousexamination
of alternatves, but maybeinsteadof an innategrammar
mechanismtheres aninnategrammasinferencemecha-
nism,thatchildrenuseto deduceggrammarules. Somedo
it betterthanothers but thenwe alreadyknew that: there
mustbe somereasorthat somepeoplespeakor write so
muchbetterthanothers.

To imagine people communicatingwho don't really
sharethe core meaningsof their language,but are the
productsof parallel developmentseemsunwieldy and
odd, but so doesa moose andyet therethey are,all over
Maine. As we've learnedtime andagain,naturalsystems
arenot boundby our conceptionsof order Besidesit's
not all bad: Harold Bloom wrote that misunderstandings
form the basisfor someof our bestart.

Theres a comparablehoughtin developmentalbiol-
ogy. Biologistsfrequentlytalk aboutthe cells of a grow-
ing organismbeing“commanded’to do this andthat, but
it's hardto figure out wherethe commandsome from.
Perhapst’s betterto saythatacell in this or thatparticu-
lar situation“decides”on a particularcourseof action!
It seemshardto imaginebillions of cells independently
decidingthings and making a personout of thoseunco-
ordinateddecisionsput again,thereis the mooseto con-
sider

O O O

Sol'm backto imagininganintelligentcomputerable
to wanderfreely aboutthe world, experiencingwhat it
can,learningwhatit can,andthinking only whatit can.
Were | to meetthat computerin an apple orchard,and
watchit selecta ripe applefrom a tree,and pick it, and
appreciateherednes®f it andthefine fall weathewe're
having, | would still be pretty uncertainthatit could ap-
preciatethe applein any way remotelysimilar to theway
| experiencean apple!® And | think it would probably
feelthesameway aboutme.

11See for exampleBlack, 1998.

12This is not to mentionmy capacityto enjoythe apple. Damasio,
1999amyuespersuasiely thatin someways,emotionsnaybeevenmore
fundamentalto consciousnesthan our senses. SeelLeiber 1996 for
moreevidenceto supporttheview thatsensesnaybe secondary
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My own opinionis that anyone who makes confident

predictionsaboutthe inability of engineersandscientists

to achieve somespecificgoal is sticking their neck out
into placesl wouldn't dare. The lessonsof the history
of engineeringandparticularlycomputersseemclearto
me: naysayersventuallygetburied. Didn’t | readthatthe
chairmanof IBM oncepredictedaworldwide marketof a
handfulof computers?

Sol will thenassumehatsomedaytherewill be built
an intelligent computey capableof inference,learning,
and creatvity. Here's my prediction: whenwe getone,
learningto communicatewith it in any way that would
suggesthatit is, in fact,intelligentwill beatleastaschal-
lengingashuilding it in the first place. Whenat lastwe
achieveamachinghatcanuselanguagdo expressts own
feelingsandexperiencesywe won't have theslightestidea
whatit’stalking about.
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