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Abstract. Thispapemproposesinaccounbf theacquisitionof grammaticatela-
tionsusingthe basicconceptf connectionisnanda construction-basetheory
of grammar Mary previous accountsof first-languageacquisitionassumethat
grammaticatelationg(e.g.,thegrammaticabubjectandobjectof asentenceand
linking rulesareuniversalandinnate;this is necessaryo provide afirst setof as-
sumptionsn thetargetlanguageo allow deductve processeto testhypotheses
and/orsetparameters.

In contrasto this approachye proposehatgrammaticatelationsemegerather
latein thelanguage-learningrocessOurtheoreticaproposals basedntwo ob-
senations.First, early productionof childhoodspeechs formulaicandbecomes
systematidn a progressie fashion.Second grammaticalrelationsthemseles
arefamily-resemblanceateoriesthat cannotbe describedy a singleparame-
ter. Thisleadsto the notionthatgrammaticatelationsarelearnedn a bottomup
fashion.Combiningthis theoreticalpositionwith the notion that the main pur
poseof languagds communicationywe demonstratéhe emegenceof thenotion
of “subject”in asimplerecurrenhetwork thatlearnso mapfrom sentencet se-
manticroles.Weanalyzehehiddenlayerrepresentationsf theemepgentsubject,
and demonstratéhat theserepresentationsorrespondo a radially—structured
catgory. We alsoclaim that the patternof generalizatiorand undegeneraliza-
tion demonstratethy the network conformsto whatwe expectfrom the dataon
children’s generalizations.

1 Intr oduction

Grammaticalrelationsare frequentlya problemfor languageacquisitionsystemsin
one sensethey representhe mostabstractaspectof languagesubjectstranscendall
semantiaestrictions- virtually ary semantiaole canbe a subject While semanticss
seenasbeingrelatedto world-knowledge syntaxis seerasexistingonadistinctplane.
For this reasortherearelanguageheoriesin which grammaticatelationsare consid-
eredthe mostfundamentabspectof language One approachto learningsyntaxhas
beento relegategrammaticatelationsandtheir behaiors to the “innate endavment”



that eachchild is born with. Thereare a numberof theoriesof languageacquisition
(e.q.,[4, 27, 46, 47)]) that startwith the assumptiorthat syntaxis a separateeompo-
nentof languageandthatthe acquisitionof syntaxis largely independendf semantic
considerationsAccordingly, in thesetheoriesthereis aninnate,skeletalsyntacticsys-
tempresenfrom thevery beginningof multiword speechAcquiring syntaxconsistof

modifying andelaboratinghe skeletalsystemto matchthetargetlanguage.

Thisassumptiorof innatesyntaxinevitably leadsto a problem,sometimeseferred
to asthe“bootstrappingroblem”.How doesonestartthis “purely syntactic’analysis?
How doesonestartmakinginitial assignmentsf wordsto grammaticatelations(i.e.,
subjectobject,etc.)?A commonlyproposednechanisninvolvesthe child tentatvely
assigninghominalsto grammaticatelationsbasedn their semanticontentby linking
rules (e.g.,Pinker[46, 47]). Thisimpliesthatthesegrammaticarelationsandlinking
rulesarepresenatthevery beginningof thelearningprocess.

Oneproblemwith this approactis that cross-linguisticallythe behaiors of gram-
matical relationsdiffer too muchto be accommodatethy a single system.Proposals
have beenput forward [36, 47] that a single parametewith a binary value (“ac-
cusatve” or “ergative”) is sufficient to accountfor the extant grammaticalsystems.
This hasbeenshown to be inadequatd29, 40, 51] becausdhereare languageghat
have neitherstrictly accusatie nor strictly ergative syntax.

We proposea languageacquisitionsystemthat doesnot rely on innatelinguistic
knowledge[40]. The proposalis basedon ConstructionGrammar24, 25 andon the
learningmechanismef PDP-styleconnectionisnj50]. We have hypothesizedhatab-
stractionssuchas “subject” emepge throughrote learningof particularconstructions,
followedby the meging of these'mini-grammars”.Theclaimis thatin usingthis sort
of alanguageacquisitionsystemit is possiblefor achild to learngrammaticatelations
overtime,andin theprocessaccommodat® whateverlanguage-specifioehaiors his
targetlanguagesxhibits.

Herewe presenta preliminarystudyshowing thata neuralnetthatis trainedwith
the taskof assigningsemantiaolesto sentenceonstituentsanacquiregrammatical
relations.We have demonstratedhis in two ways: by shaving that this network as-
sociategarticularsubjecthoogropertieswith the appropriateverb argumentsandby
shaving thatthe network hasgonesomedistanceowardabstractinghis nominalaway
from its semanticontent.

In thefollowing, we first review the waysin which the grammaticatelation“sub-
ject” appearsn several languagesThis givesrise to the notion that grammaticalre-
lationsdo not have, for example,only two patternsof waysin which they control (in
thelinguistic sensepthercatgyories.Rather grammaticatelationsexhibit a variety of
patternsof control over syntacticpropertiesThis suggestst would bedifficult for the
subjectrelationto bedescribedyy a binaryinnateparameterNext, we review relevant
developmentatiataon the acquisitionof syntax.Theevidencewe review suggestshat
1) syntaxis acquiredin a bottomup, data-drivenfashion,and?) thattherearespecific

! Linking rulesare heuristics(or algorithms,dependingon the theory)for makingprovisional
assignmentsf verb agumentgo grammaticakelations.The criteriafor the assignmentare
semantic.Becausevirtually ary semanticrole canbe a subject,the algorithmic variantsof
thesetheoriesarequite complicatedFor a recenttreatmenbdf linking rules,seeDowty [21].



patternsof over andunder generalizatiorthatreflectthe natureof the linguistic input
to thechild. We thenreview thetheoryproposedy Morris [40] basedn this data.Fi-
nally, we presentaconnectionissimulationof onestageof thetheory anddemonstrate
thatthe systemacquiresa notionof “subject”without ary innatebiasto do so.

2 The Shapeof Grammatical Relations

While a numberof theoristshave exploredthe real compleity of grammaticalrela-
tions (e.g., [19, 20, 23, 29, 51]), thereremainsa perceptionamongsometheorists
(e.g.,[34, 35, 36]) that grammaticalrelationsare essentiallya binary phenomenon:
grammaticalrelationsare deemedto be either accusatie or ergative, and hencean
“ergative parameter’determineghe behaiors. This hasbeenthe prevailing view in
anumberof languageacquisitiontheorieq47].

A first-orderapproximatiorof thedifferencebetweeraccusatie andergative gram-
maticalrelationsis that the subjectof a syntacticallyaccusatie languages typically
the agentof an action, while in a syntacticallyergative languagethe “subject”? or
subject-like grammaticalrelation, is typically the patientof an action. One potential
distinguishingproperty (indicative, thoughnot decisve) would be which nominalin
a sentenceontrolsclausecoordination.Thusin the sentenceMax hit Larry andran
away who ranaway?In a stronglysyntacticallyaccusatie languageit is Max thatran
away; in astronglysyntacticallyergative languageit is Larry thatranaway.

For thosewho regardthe accusatie/eigative split asbeingsimply binary, the prob-
lem becomesgnerelyidentifying the subject.If the subjectis the agent,thenthe lan-
guageis accusatie, if it is thepatient,it is ergative. But the problemis notthatsimple.
It is not merelythe identity of the subjectthatis the issue,but what propertiesdo the
variousgrammaticatelationscontrol?In somesensethe questionis what“shape”do
thegrammaticatelationsin alanguagedake on?

We have examinedthe literatureto find the syntacticpropertieshatareassociated
with subjectsross-linguisticallyPerhapshedefinitiveworkin thisareais Keenarj29],
from whichwe have extracteda setof six propertieghatarecapableof beingassociated
with subjectqandquasi-subjectsjross-linguistically:

1. Addresse®f imperatves.

2. Controlof reflexivization.E.g.,Maxshavecimself (Thecontrollerof thereflexive
is thesubject.)

3. Controlof coordination.E.g., Max pinchedLola and fled. (The deletedargument
of thesecondclauses coreferentiaivith the subjectof thefirst clause.)

4. Targetof equi-NPdeletion E.g.,MaxcorvincedLola to beexaminedoy the doctor
Maxcorvincedthedoctorto examinelola. (Thedeletecargumentbof theembedded
clauseis the subject.)

5. Ability to launchfloatingquantifiersE.g., Theboyscouldall hearthemosquitoes.
(The quantifierall refersto the subject,i.e., boys,ratherthanto the object,i.e.,
mosquitoes.

2 Becauseof the associationsvith accusatie phenomenaarriedby the term “subject” in a
numberof theoreticalpproachesynemight wish to call the primary grammaticatelationin
syntacticallyergative languagesomethingelse. Theterm“pivot” hasbeenused.



6. Target of relativization deletion.E.g.,| knowthe manwho sawMax. | knowthe
manwhoMax saw

In Englishthelastitemis afree property;anynominalthatis coreferentialvith the
relatvized matrixnominalcanbedeletedn theembeddedlausen relativization.The
examplesdemonstratéwo of thecases.

The grammaticalrelationsof variouslanguagescontrol various combinationsof
these(and other) properties.This is what we meanby the “shape” of grammatical
relations.We have analyzedthesesyntacticpropertiesin English and in two other
languagesDyirbal (Australian) [18, 20] and KapampangafiPhilippine),which have
ratherdifferentconstellation®f propertiedfrom thoseof English,aswell asfrom each
other[40]. Grammaticalelationsin theselanguage$ave shavn interestingpatterns
of behaior. For example,in Englishthefirst five of thesepropertiesarecontrolledby
thesubjectthelastis a “free property”,not controlledby ary grammaticatelation.In
Dyirbal, properties3, 4, & 6 arecontrolledby an“ergative subject”,or “pivot” [18, 20].
In Kapampangargnegrammaticatelation(whichtendsto betheagent)controlsprop-
ertiesl, 2, & 3, while another(whichrangesverall semantiaoles)controlsproperties
5 & 6. Property4 canbecontrolledby eitherof thegrammaticatelations.

HenceEnglishis a highly syntactically-accusate languageDyirbal is a highly
syntactically-egative languageandKapampangaappearso be a split languagenei-
ther highly ergative nor highly accusatie in syntax.This is discussedit somelength
in [40], but astheselanguageslo not beardirectly on the presensimulation,we will
simply notethatthisissueis addresseih boththetheoreticaproposakndin ourlong-
termgoals.

Our purposefor raisingthe issuehereis to arguethat for a languageacquisition
to be “universal’,i.e., capableof learningarny humanlanguageijt mustbe ableto ac-
commodate variety of languagdypes.Simply settlingon theidentity of the subjectis
not sufiicient. Rather the variouscontrol patterng“shapes”)describecabose mustbe
accommodateddur proposalnvolvesa systenthatcanlearnavarietyof shapes.

3 Review of Data from PsycholinguisticStudies

Thereareseveralavenuesof psycholinguistiadatathatwe have explored.Oneof these
is theissueof earlyabstractiorvs. rote behaior. Therehave beena numberof studies
thathave indicatedthat children’s earliestmultiword utterance$iave beenlargely rote
or semi-rotebehaiors [1, 2, 11, 12, 13, 44, 45, 53. In a pair of studiesTomasello
and Olguin shaved an asymmetrybetweenthe relative facility with which two-year
old childrencanmanipulatenouns,both in termsof morphologyand syntax,andthe
relative difficulty with whichthey handleverbs.Tomasella& Olguin [55] demonstrated
their productvity with nouns,while Olguin & Tomasello [43] shaved their relative
nonproductity with verbs.It appearghat the control that children have over verbs
very early in the multi-word stageis largely rote; thereis no systematiaelationship
betweerthem.Thatis, thereis little or no transferfrom knowledgeof oneverbto the
next.

Therehave beena numberof studies [26, 41, 42, 56, 57] that have beeninter
pretedasproviding evidenceof early abstractionThereare several problemswith the



interpretation®of thesestudies however. Someof thesehave interpretedarguablyrote
behaiors asrepresentingbstractiorj54], andothershave interpretedsmall-scalesys-
tematicbehavior aslargescalesystematibehaior [3, 15, 44, 45]). Thatis, it wasfound
thatcertainsystematibehaiors werelimited to semanticallysimilar predicates.

Despitethe factthatanindividual child’s developinggrammaiis a quickly moving
tamget,theissuef systemati@andnon-systematibehaiors canin certaininstancede
teasedut. Indicationsof systematidyehaiors canbe seenin overgeneralizationand
indicationsof thelimits of systematidehaiors canbe seenin undegeneralization.

In numeroustudiesBowerman(5, 6,7, 8,9, 10] hasinvestigatednstance®f over
generalizatiorn child speechpvergeneralizatioms thephenomenoof extendingrules
inappropriatelyFor example childrenexposedo Englishlearnthe“lexical causatre”
alternationasin the ball rolled~Larry rolled the ball, andthe vasebroke~Max broke
the vase Childreninappropriatelyextend this alternationto verbssuchas giggle or
sweatto producesuchsentenceasDon't giggle meor It alwayssweatsme [9]. Over-
generalization®f this sort are evidencethat the child hasdevelopedthe notion of a
classof verbs,suchasroll, float, break,sweatgiggle, anddisappearwhich sharea se-
manticrole (patient)in theirintransitive forms,andthatthechild is willing to treatthem
thesamesyntactically Thefactthatthisis inappropriatdor theword sweatmeansghat
the child is extremelyunlikely to have heardthis usagebefore thereforethe child has
usedsystematidehaior to producehis utteranceAnotherof Bowermansstudied10]
involved the overgeneralizatiorof linking rules. Children rearrangedrerb-agument
structuresn accordancevith a linking rule generalizatiorratherthanin accordance
with somepresumedrerb-classlternation(e.g.,| sawa picture which enjoyedme).

Of particularnote hereis the timing of theseandother overgeneralizationgMost
of the overgeneralizationshat Bowermanhasstudied,including the lexical causatie
overgeneralizatiordiscussedibove, appearstartingbetweentwo anda half andthree
and a half yearsof age.The linking rule overgeneralizationstartedappearingafter
the ageof 6. The former overgeneralizationsire presumablylearnedbehaiors—the
child mustlearnwhat sortsof verb classesxist in a languageandwhat alternations
areassociatewith thembeforetheseovergeneralizationsanoccur Ontheotherhand,
accordingo mary nativist theoriesJinking rulesareinnate[46, 47]. Furthermorelink-
ing rulesmustbe active very earlyin multi-word speechn orderfor thefirst tentatve
assignmentef nounsto grammaticatelationsto be made anecessargtepin breaking
into the syntacticsystem.Yet the overgeneralizationascribabldo linking rulesdo not
appeaiuntil theageof six yearsor later.

If we canjudge by overgeneralizationit would appearthat linking rulesare not
innate;atthe very leastit appearsghatthey arenot active at atime whenthey aremost
neededi.e., earlyin multi-word speechThe alternatve is thatthey arenot necessary
precursordo multiword speechRathey they are highly abstractgeneralizationshat
first give evidenceof existenceaftera large portion of the grammarof a languagehas
beenmastered.

Undegeneralizationtoo, hasarole to play in determiningthe natureof the learn-
ing mechanismsA numberof studieshave beenconductedshoving an interesting
asymmetryin the learningof the passive constructionin English. A study by Marat-
sos,Kuczaj,Fox, & Chalkley [38] shoved thatfour- andfive-yearold childrencould



understandoththe active and passie voicesof actionverbs(e.g.,drop, hold, shale,

wash), but haddifficulty understandinghe passve voicesof psychologicabr percep-
tualverbs(e.g.,watch, know like, remember MaratsosfFox, Beclker, & Chalkley [37]

shaved that this difficulty appearedo extenduntil the ageof 10. Anotherstudiesby
deVilliers etal. [17] confirmedthe comprehensioasymmetrybetweerthe two types
of verbs,while astudyby Pinker et al. [48] shaveda similarasymmetryin production.
In a preliminarystudy Maratsoset al. [37] alsoshavedthat parentalinput to children
waslimited in a similar way: parentsusedfew, if arny, experientialverbsin the passie
voice.?

This studyis particularlyinterestingoecaus@ commonnaotionof the passieis that
its relationshipo theactive voiceis definedn termsof subjectsandobjects Whetheror
notthisis truein anadult,it appearshatthisis notthewaythatchildrenlearnthisalter
nation.lt seemghatchildrenfirst acquirethis systematialternationn a semantically-
limited arena,in which the active-wice patientis promotedto the passie “subject”.
Only laterdo they extendit to a more“semanticallyabstract’arenain whichiit is the
active-wiceobjectthatis promotedo the subjectposition.

4 A Theoretical Proposal

We wish to testa proposabput forwardin Morris [40], which describesanapproacto
learninggrammaticakelationswithout recourseo innate,domain-specificlinguistic
knowledge.This modelis basedon (i) the Goldbeg variationof ConstructionGram-
mar [24, 25|, and(ii) the learningmechanism®f connectionisn50], inter alia. The
proposals thattheacquisitionof grammaticatelationsoccursasathree-staggrocess.

In the first stagea child learnsverb argumentstructuresas separatejndividual
“mini-grammars”. This word is usedto emphasizehat thereare no overarchingab-
stractionsthat link theseindividual agumentstructurego otherargumentstructures.
Eachagumentstructureis a separatgrammaruntoitself.

In the secondstagethe child developscorrespondencdsetweerthe separatenini-
grammarsinitially the correspondencemebasedn bothsemantiandsyntacticsim-
ilarity, laterthe correspondenceareestablishean purely syntacticcriteria. The tran-
sitionis gradualwith therole thatsemanticplaysdecreasinglowly.

For example theverbseatanddrink arequitesimilarto eachother andwill “merge”
quickly into a largergrammar Similarly, the verbshit andkick will merge early, since
their semanticsaand syntaxare similar. While all four of theseverbshave agentsand
patientsasverb argumentsthereare mary semantiaifferencesetweenthe verbsof
ingestionandtheverbsof physicalassaultthereforehe meigebetweerthesetwo verb
groupswill occurlaterin development.

Ultimately, theseagent-patienwverbswill memge with experienceiperceptverbs
(e.g.,like, fear, see remembeéy, percept-g&periencewerbs(e.g.,please frighten, sur-
prise), andothers yielding a prototypicaltransitive constructiorwith anextremelyab-

% The few experientialverbsthat they did find in the passie voice in parentalinput were of
the percept-gperiencetype (e.g.,frighten, surprisg ratherthanthe experienceiperceptype
(e.g.,fear, like). Maratsoset al. did not testthe childrenfor their comprehensionf percept-
experiencewerbs.



stractargumentstructure Theverb-agumentsn theseabstracargumentstructuresan
beidentifiedas“A”, thetransitive actor and“O”, transitive patient(or “object”). In ad-
dition thereis prototypicalintransitve argumentstructurewith a singleargument,S”,
theintransitive “subject”. (This schematiaescriptions dueto Dixon [19].)

In thethird stagethechild beginsto associat¢heabstracargumentf theabstract
transitve andintransitive constructionswith the coindexing constructionghatinstan-
tiate the propertiesof, for example,clausecoordinationcontrol structuresandreflex-
ivization.So,for example,anintransitive-to-transitve coindeing constructiorwill as-
sociatethe S of anintransitive first clausewith the deletedco-referentA of atransitve
seconcclause.This will enablethe understandingf a sentencdike Max arrived and
huggedeveryone Similarly, atransitve-to-intransitve coindexing constructiorwill as-
sociatethe A of aninitial transitive clausewith the S of afollowing intransitive clause;
thiswill enablethe understandingf a sentencdik e Max hugged Annieand left.

Sincethis associationiakesplacerelatively latein the processnecessarilyuilding
onlayersof abstractiorandguidedby input, the grammaticatelations(of which S, A,
andO aretheraw material)‘grow” naturallyinto thelanguage-appropriataolds.

Frombeginningto endthisis a usage-basedcquisitionsystem/t startswith rote-
acquisitionof verb-agumentstructuresandby finding commonalitiesit slowly builds
levels of abstraction.Throughthis bottom-upprocessjt accommodateto the target
language (For otheraccountf usagebasedsystemsseealso Bybee[14] andLan-
gacler[31, 32, 33].)

5 A connectionistsimulation

In this sectionwe presenta connectionissimulationto testwhethera network could
build abstractelationshipgorrespondingo “subjects’and“objects” givenanEnglish-
like languagevith avarietyof grammaticatonstructionsThiswasdonein suchaway
that thereis no “innate” knowledge of languagein the network. In particular there
areno architecturafeatureghatcorrespondo “syntacticelements”j.e., no grammat-
ical relations,no featuresthat facilitate word displacementand so forth. The main
assumptionarethatthe systemcanprocessequentiatiata,andthatit is trying to map
sequencesf wordsto semantiaoles.

Themotivationbehindthe network is the notionthatmerelythe drive to mapinput
wordsto outputsemanticss sufficient to inducethe necessarynternalabstractionso
facilitatethe mapping.To testthis hypothesisa Simple RecurrentNetwork [22] was
createdandtestedusingthe StuttgartNeuralNetwork Simulator(SNNS).The network
is shovnin Figurel.

Thenetwork takesin a sequencef patterngepresentingentencegeneratedrom
agrammarAt eachtime step,aword or endof sentencenarkeris presentedifter each
sentenceaninput representingreset”is presentedfor which the network is supposed
to zeroout the outputs.The output patternsrepresensemanticrolesin a slot-based
representationThe teachingsignalfor the rolesaregiven astargetsstartingfrom the
first presentatiorof the correspondindiller word, andthen held constanthroughout
therestof the presentatiomf the sentence.



verb ID agent patient experiencer percept matrix agent
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/ \ copy
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k word 1 word 2 word 3 ...

Fig. 1. Network architecture.

Theinputvocahlulary consistsof 56 words (plus endof sentencendreset) repre-
sentedas10-bit patternswith 5 bits on and5 bits off. Of theseb6 words,25 areverbs,
25 are nouns,andremaining6 are a variety of function words.All of the nounsare
propernames.Of the verbs,5 are unegative (intransitve, with agentsasthe solear
gumentse.g.,run, sing), 5 areunaccusatie (intransitve, with patientargumentse.g.,
fall, roll), 10 are“action” transitves (with agent& patientargumentsge.g., hit, kick,
tickle), and5 are“experiential’transitives(with experience& perceptargumentse.g.,
see like, remembéx In additionthereis a “matrix verb”, persuade which is usedfor
embeddedentencetructuresThe5 remainingwordsarewho,was,by, and, andself

The outputlayeris divided into 6 slotsthatare 10 units wide. Thefirst slot is the
verbidentifier, the secondhroughthefifth aretheidentifiersfor the agentthe patient,
the experiencerandthe percept(Notethatat mostonly two of thesefour slotsshould
befilled atonetime.) The sixth slot is the “matrix agent”slot, which will be explained
belown. Therepresentationf thefillers is unrelatedo the representationf the words
—theslotfillers only have 2 bits setout of 10. Hencethe network cannotjust copy the
inputsto theslots.

Usingthe back-propagatiotearningprocedurg49] the network wastaughtto as-
sign the propernounidentifier(s)to the appropriaterole(s) for a numberof sentence
structuresThusfor the sentenceSandypersuadedKim to kissLarry, the matrix agent
role is filled by Sandythe agentrole is filled by Kim, andthe patientrole is filled by
Larry. In the sentenceWhodid Larry see the experiencerrole is filled by Larry and
the perceptrole is filled by who. Training was conductedor 50 epochswith 10,000
sentences eachepoch.ThelearningratewasO0.2, initial weightssetwithin arangeof
1.0. Therewasno momentum.

Examplef thetypesof sentenceandtheir percentagén thetrainingsetarelisted
below:

1.Simpledeclaratveintransitves(18%).E.g.,Sandyjumped(agentole) andSandy
fell (patientrole).

2. Simpledeclaratve transitves (26%). E.g., SandykissedKim (agentand patient
roles)andSandysawKim (experienceandperceptoles).

3. Simpledeclaratve passives(6%). E.g.,Sandywaskissedpatientrole).

4. Questiong20%). E.g., Who did Sandykiss{agentand patientroles, objectis
questioned)WhokissedSandy?Aagentand patientroles, subjectis questioned)Who



did Sandysee?(experiencerand perceptroles, objectis questioned)and Who saw
Sandy?{experienceandperceptoles,subjectis questioned).

5. Control (equi-NP)sentence$25%). E.g., SandypersuadedKim to run (matrix
agentandagentroles), SandypersuadedKim to fall (matrix agentand patientroles),
SandypersuadedKim to kissMax (matrix agent,agent,and patientroles)and Sandy
persuadedim to seeMax (matrix agent,experiencerandperceptoles).

6. Control(equi-NP)sentencewith questiong6%). E.g.,Whodid Sandypersuade
to run/fall? (questioningembeddedubject whetheragentor patient,of anintransitve
verb), Who persuadedSandyto run/fall? (questioningmatrix agent;note embedded
intransitive verb), Who persuadedSandyto kiss/seeMax? (questioningmatrix agent;
noteembeddedransitive verb),andWhodid Sandypersuadeto kissMax? (questioning
embeddedgent).

The generalizatiortestinvolved two systematiayapsin the datapresentedo the
network; bothinvolvedexperientialverbs.Thefirst waspassve sentencewiith experi-
entialverbse.g.,Sandywasseenby Max. The secondnvolved questioningembedded
subjectdn transitve clauseswith experientialverbs,e.g.,Whodid Sandypersuadeto
seeMax? Neitherof thesesentenceypesoccurredwith experientialverbsin thetrain-
ing set.Thetestinvolvedprobingthesegaps.

The network wasnot expectedto generalizeover thesetwo systematigapsin the
sameway. The questioning-of-embeddesliject-seences gapis partof aninterlock-
ing groupof constructionsvhich “conspire”to compensatéor thegap.The“members
of theconspirag” arethetransitve sentencefgroup2 above),the questionggroup4),
andthecontrolsentencefroup5). Thesesentencearerelatedto eachother andthey
shouldcausehenetwork to treatthe agentsof actionverbsandthe experiencer®f ex-
perientialverbsthe same Thuswe believe thatthis gap,whichis unattested parental
input, shouldshav somegeneralizationOur explanationin termsof constructiorcon-
spiraciesvouldthenbethebasisfor our explanationof mary of theovergeneralizations
thatoccurin children.

Meanwhile thepassve gaphasno suchcompensatingroupof constructionsOnly
the transitive sentenceggroup 2) provide supportfor the passie generalizationThis
gapcorrespond#o onethatactuallyexistsin parentainput. If our modelis agoodone,
we would expectthatit shouldnot bridgethis gap.

6 Results

In Table1 we shav theresultof testinga varietyof constructionssomeformsof which
weretrained,andtwo werenot. Five hundredsentencesf eachlistedtypeweretested.
Theresultswerecomputedising Euclideandistancedecisions-eacfield in the output
vectorwascomparedvith all possiblefield values(includingtheall-zeroesvector),and
the fields assignedhe nearesipossiblecorrectvalue. For a sentencdo be “correct”
all of the outputfields hadto be correct.The two salientlines arefor simple passie
clausesvith experientialverbs which hada 6.2%successate,andquestioningembed-
dedsubjectswith experientialverbs whichhada67.4%successate.Thenearcomplete
failure of generalizatiorior simplepassie clauseswith experientialverbsshavedthat
the nonappearancef experientialverbsin the passie voicein thetrainingsetcaused



Sentencelescription Percentorrec

Simpleactive clausesactionverbs 97.6%
Simpleactive clausesexperientialverbs 97.6%
Simplepassie clausesactionverbs 91.8%
Simplepassiveclausesgexperientialverbs 6.2%
Control(equi-NP)structures 83.6%
Questioningembeddedubjectsactionverbs 91.4%
Questioningembeddedubjectsexperientialverb 67.4%

Table 1. SentenceomprehensionsingEuclideardistancedecisions.

thenetwork to learnthe passie voiceasa semanticallynarrov alternationThisis sim-
ilar to theundegeneralizatiofioundby Maratsosetal. [37, 38], discussedbove. This
gap,asmentionecearlier hasbeenshovn [37] to beonethatactuallyexistsin parental
inputto children.

On the otherhand,the questioningof embeddedubjectswith experientialverbs,
which likewise did not appeaiin thetraining set,shoved muchgreatergeneralization,
in all likelihoodbecausghereis a “conspiray of syntacticconstructions’surrounding
this gap.As mentionedabove, the simpletransitive clausesguestioneagimpleclauses,
andcontrolsentencesyerethe prime“conspirators”.

Simple transitive clausesestablishedhe argumentstructuresfor both the agent-
patientverbsandthe experienceipercepterbs:

— Rager kissedSusie (agent—patierargumentstructure)
— Linda sawPete (experiencerpercepargumentstructure)

Questioneaimpleclausesstablishedhe ability to questionthe subjectof bothargu-
mentstructures:

— WhopinchedSandydquestionedgent)
— Whorememberd Max? (questionedxperiencer)

Controlsentencesstablisheé@mbeddedlausedor bothargumentstructures:

— Fredpersuadedan to tickle Lynn.(embeddedgent—patienargumentstructure)
— Fredpersuadedsamto hateTerry. (embedde@xperiencerpercepairgumentstruc-
ture)

Questioningembeddeagentsestablishedherelevantpatternjncludingthefronting of
theembeddedquestionedonstituent:

— Whodid Raulpersuadeto tickle Sally?(embeddedjuestionecggent)

The interlocking patternsabove led to extensionof this last patternto experiencer
perceptverbs.

The passve gaphasno suchcompensatingroupof constructionsOnly the tran-
sitive sentenceggroup 2) provided supportfor the passie generalizationaswe shall
seethesewereinsufficientto bridgethegap.

Simpletransitive clausesstablishedhe similarity of agumentstructures:

— Sallytickled Jack. (agent—patiersrgumentstructure)



— Jadck liked Sally. (experiencerpercepairgumentstructure)
Simpleintransitive clausesstablisheghatientsassubjects:
— Susiefell. (patient—onlyargumentstructure)

Passve sentenceswhich only occurredwith agent—patientverbs, establishedan
alternationbetweeractive—\wice agent—patiendrgumentstructuresand passie—\ice
patient—onlyargumentstructuresvith the sameverbs:

— Jadk wastickled. (patient—onlyargumentstructurewith a verbthatis seenin the
active voice)

Thegapof thequestioned—embedded¢rriencerwasovercomebecause¢herewas
asufiicientnumberof overlappingconstructionsindtherewasawell-establishegrece-
dentof experienceisubjectsAs aresultwe areseeinga level of abstractionwith the
network ableto “define”, in somesensethegapin termsof theembeddedubjectrather
thanmerelyanembeddecgent.

In orderfor the gapof the passive-wicefor experiencerpercepwerbsto be over
cometherewouldhaveto have beeranestablishegrecedentf percept—subject$here
werenone.Therewereno percept—onlyerbsin thedataset;indeedtherearearguably
no percept—onlywerbsin English.Thegapof the passie-wicefor experiencerpercept
verbswasnot overcomebecauseherewasan insufficient numberof overlappingcon-
structionsandbecauseherewasno precedenbf percept—subjecis the dataset.

6.1 Analysisof representationsn the hidden layer

We wantedto probethe way that the network representedubjectsinternally, i.e., in
the hiddenlayer. This wasdoneby creatingandcomparing‘subject-ariancevectors”
for combinationf verb classesandsyntacticconstructionsSubject—ariancevectors
arevectorsrepresentindghe varianceof the hiddenlayer units whenonly the subject
is varied. This shouldshav wherethe subjectis beingencodedn the hiddenlayer
Creatingthevariancevectorsis athree-stegprocess.

To constructhesevectorswe presentetdhenetwork with 25 sentencegaryingonly
in theirsubjectWe savedthe120hiddenunit activationsattheendof eachpresentation,
andcomputedhe varianceon a perunit basis.Thevariancesocomputedshouldthen
representwhere” the subjectis beingencodedor thatverb/constructiomombination.

Next we comparedhe subject-ariancevectorswithin a verb classto eachother
An averagesubject-ariancevectorwascomputedor eachverbclass(for a givencon-
struction);this representethe “prototype” subjectrepresentatiofor theverbclass.

To testhow tightly associatedhe representationsf the subjectsof theseverb-
constructiorclassesverewe computedhe averageEuclideandistancefrom the proto-
typeto eachof the membersf the class.For unaccusatie (patient-only)andunega-
tive (agent-only)erbsin simpleclausesandin embeddedlausetheaveragedistances
wereabout0.5. For transitive verbs,both agent-patienandexperienceperceptverbs,
in simpleclausesandin embeddedlausesthe averagesvereabout0.3. For passie-
voice agent-patienterbsthe averagewas about0.4. (The fact that intransitive verb-
constructioncombinationshave “less disciplined”,i.e., lesstightly associatedsubject



Simpleclauses Othersimpleclauses Distance
Transitve Agent Intransitve Agent 0.69
Transitve Agent Transitve Experiencer 0.69
Intransitve Agent Transitve Experiencer 0.82
Transitve Experiencer Intransitive Patient 1.15
Intransitve Agent Intransitive Patient 1.18
Transitve Agent Intransitive Patient 1.40
Simpleclauses Embeddedaounterparts Distance
Intransitive Patient Embeddedntransitive Patient 0.7¢
Intransitve Agent Embeddedntransitive Agents 0.73
Transitve Experiencer EmbeddedTransitve Experiencer  0.77
Transitve Agent EmbeddedTransitve Agent 0.81
Embeddedlauses Otherembeddedlauses Distance
Embeddedransitve Agent Embeddedransitve Experiencer  0.57
Embeddedransitve Agent Embeddedntransitive Agent 0.67
EmbeddedTransitve ExperiencelEmbeddedntransitve Agent 0.78
Embeddedransitive ExperiencelEmbeddedntransitive Patient 1.07
Embeddedntransitive Agent Embeddedntransitive Patient 1.07
Embeddedransitve Agent Embeddedntransitive Patient 1.27
Activevoice Passve voice Distance
Intransitive Patient Passve Voice Patient 0.72
Transitve Experiential Passve Voice Patient 1.27
Intransitve Agent Passve Voice Patient 1.37
Transitve Agent Passve VoicePatient 1.51
Passve Voice Percept Passve Voice Patient 0.38

Table 2. Euclideandistancedetweemrototypesubjectvariancevectors.

representationmay be explainedby the factthat theseverbshave only a singleverb
argument.The network neednot “remember”two verb agumentssimultaneouslyjt
canthereforebe profligatein the mannerof the storageof the subjectsidentity.)

The third stepinvolved looking at the distancesdetweenthe prototypes.This al-
lowedusto seehow similar prototypesvere. Theresultsof our comparisongreshovn
in Table 2, where we use “Intransitive Agent” for unegative subjects(e.g., Sandy
jumped and“Intransitive Patient” for unaccusatie subjects(e.g. Sandyfell). In gen-
eral, one canthink of distancedessthan 1.0 as“close” (althoughnoneare as close
asthe within-classdistancesnentionedabove) anddistancegreaterthan1.0as"“far”.
With this in mind, Table 2 shaws that thereare interestingrelationshipsbetweenthe
instantiationsof subjectsin variousverb-and-constructiogroups(recall that all the
entriesin the Tablecorrespondo subjects).

First, consideringonly the simple clauseswe seethat the entriesdivide into two
distinctgroups.Theintransitve patientsarerelatively far from the otherclasseswhile
the agentsandexperiencergendto patterntogether To understandavhy, considerthat
in transitve constructionswith agent-patienterbs,both agentsand patientsmustbe
presentThereforethetwo semantiadolesmustbe storedsimultaneouslyandthustheir
representationsiustbe in somavhatdifferentunits. Agents,whethertransitive or in-
transitve, will mostlikely be representedby the samesetof units. Note that experi-
encersnever needto be storedsimultaneouslywith agents.Thereforetheir represen-



tation canoverlap agent-subjectsiuch morethan canthe representationsf patient-
subjectsThenthe questionis why experiencerpatternmorewith agentghanpatients.
We believe this is becausé¢he agent-subjectaresimply the mostfrequentin thetrain-
ing set,andthushave aprimag in “carving out” thelocationfor subjectsn thehidden
layer Thisis alsoconsistentvith mary linguistictheoriesvhereagentsareconsidered
theprototypicalsubjects.

Secondthedistancebetweerthematrix clausesubjectsandtheirembeddedlause
counterpartsare also close,and in the samerangeas the distanceshetween“non-
antagonistic’subjecttypes.

Third, the embeddedlausesessentiallyreplicatethe patternseenin the simple
clauseswith agentand experiencersubjectspatterningtogethey and patientsubjects
atadistance.

Fourth,the passve voicepatientsubjectsarefar from active voicesubjectswith the
(notunexpectedexceptionof active voiceintransitive patientsClearly, thenetwork has
drawn amajordistinctionbetweematient-subjectandnon-patiensubjectsAgain, we
hypothesizehatthe network did this simply becaus®f the necessityof storingagents
andpatientssimultaneously

Finally, we seethat passie voice patientsubjectsarevery close(within the range
of a within-classdistance)to passve voice subjectsof experientialverbs(percepts).
Recallthatthe network wasnevertrainedon experientialverbsin the passie voiceand
never trainedwith percept-subjectghe network hasbasicallystoredsuchsubjectsin
thesameocationaspassve voice patientsubjectsThisis consistentvith thefailure of
thenetwork to correctlyprocesghesenovel constructions.

We concludefrom this analysisof the subject-ariancevectorsthat within a syn-
tactically definedclassof verbs,the subjectsare storedin very nearlythe samesetof
units. Thesesubjectpatternsaremoresimilar to eachotherthanthey areto the subject
patterngfor the sameclassof verbsin otherconstructionsor to the subjectpatternsof
otherclasse®f verbs.Mostimportantly though,the representationf “subject”in the
network is controlledby two mainfactors.First, if the subjectsof two sentencesust
fill the samethematicrole, they will be storedsimilarly. Secondrepresentationare
pushedapartaccordingto whetherthe processingequirement$orce themto compete
for representationaksourcesin the caseof our setof sentenceypes,theeffectis that
agentsandpatientsarestoredseparatelypecause¢hey canappeatogetheyandexperi-
encersarestoredvery closeto agentssincethey neverappeatogetherTheresultis that
theinstantiatiorof “subject”in the network amountgo aradial category in themanner
of Lakoff’'s Women,Fire, and Dangerous Things[30]. Theserelationshipsarelargely
in accordwith the predictionsof thetheoreticamodelsketchedoutin this paper

7 Discussionand conclusions

This simulationwasintendedio demonstratéhatthe mostabstracaspect®f language
arelearnable Therearetwo broadareasn which this is explored:control of “subject-
hood"” propertiesanddemonstratiomf relative abstraction.

In the areaof control of propertiesthis simulationdemonstratethat the network
was capableof learningto processequi-NPdeletionsentencegalsoknown as “con-



trol constructions”).This is shavn in the ability of the network to correctly process
sentencesuchas SandypersuadedKim to run (theseareshowvn in groups5 & 6, in
section5 above). As was seenabove, the network was able to correctly understand
thesesentenceatarateof 84%.

The network’s ability to abstractfrom semanticavas shovn in the ability of the
network to partially bridgethe artificial gapin the training set, that of the questioned
embeddedubjectof experientialverbs.The network was ableto definethe position
in that syntacticconstructionin termsof a semantically-abstra@ntity, thatis, a sub-
jectratherthananagent.Consistentvith developmentatiata,the network alsodid not
generalizevhenit shouldnot have. In particular it did not procesgpassie sentences
with perceptuabubjectsWe have hypothesizedhatthis patternof generalizatiorand
lack of generalizatiortanbe explainedasa conspirag of constructionsthatbootstrap
the processingequiredfor a new constructionWithout this scafolding, the network
assimilateshenew constructiorinto aknown one.

As is clearfrom the examinationof the hiddenlayer, we canseehow the network
storesa partially-abstractepresentationf the subjectWe canalsoseethe limitations
of abstractionthe network’s representationf the subjectof a given sentencaes also
partially specifiedin semanticallyjoadedunits. And, aswe have seenin the Marat-
s0s[37] study this appeargo be appropriatdo the way that humandearnlanguage.
Thisresultis alsoconsistentvith Goldbepg’stheoreticabnalysiq25] thatpredictsthis
semantically-limitedscopeto certainsyntacticconstructions.

Of coursewe have beenprecededy mary othersin the useof recurreninetworks
for languagecomprehensionf16, 22, 28, 39, 52]. Most of thesepreviousworksimpose
a greatdeal of structureon the networksthat,in somesenseparallelsa preconceied
notion of what sentencerocessingshouldlook like. The previous work to which we
owe the greatestdebtis that of Elman [22], who developedSimple RecurrentNet-
works,andSt. John& McClelland[52], who appliedthemto the problemof mapping
from sequencesf wordsto semantiaepresentationd-herearetwo main differences
betweenthis work andthat of St. John& McClelland.In termsof networks, oursis
simpler becauseave specifyin advancean outputrepresentatiofor semanticsWhile
our semanticss simpler thesyntacticconstructionsisedin trainingaremorecomplex.
Indeed,the fact that we focus uponthe notion of a grammaticalrelationand how it
couldbelearneds whatdifferentiateghis work from muchof the previouswork. Such
anotion,asshovnin thelist of characteristipropertiesrequiresafairly largearrayof
sentencéypes.Our analysisof thenetwork’srepresentationf this notionalsois novel.

Oneobviousdrawvbackof ourwork is theimpoverishedsemanticsAll of ournouns
wereglossedaspropernamesput they werejust simplebit patternswith no inherent
structure.The only differencein verb “meanings”,asidefrom a particularbit pattern
for a signhaturewasthe setof thematicrolesthey licensed.A richer semanticsvould
presumablybe requiredto model the earlier stagesof the theory whereverbswith
similar meaningsmeige into larger cateyories.On the bright side, preliminarystudies
for futurework, aswell assimilar studiesby VanEverbroec58], indicatethatthis sort
of network canbescaledup in the sizeof thevocatulary.

In the context of this book, this work demonstrateghat a “radical” connectionist
approachthatis, onewithout ary additionalbells andwhistlesto forceit to be “sym-



bolic”, is indeedableto form categyoriesusuallyresened for symbolicapproacheso
linguistic analysis.Indeed,we believe that this sort of approachwill eventuallyshowv
thatsyntaxasa separatentity from semantigprocessings anunnecessargssumption.
Ratherwhatwe seein our network is that“syntax”, in the usualunderstandingf that
term, is part and parcelof the processingequiredto map from a sequencef input
wordsto a setof semantiaoles.

Acknowledgments

The authorswould like to thank Adele Goldbeg and EzraVan Everbroeckfor their
commentandsuggestion the courseof this study

References

[1]
(2]
(3]
[4]

5]

(6]

[7]

(8]

9]

(10]
(11]
(12]
(13]

(14]

N. Akhtar. CharacterizingEnglish-speakinghildrens understandingf SVO word order
to appear

L. Bloom. OneWbrd at a Time: TheUseof SingleWord UtterancesBefole Syntax Mouton
deGruyter TheHague,1973.

L. Bloom, K. Lifter, andJ. Hafitz. Semantic®f verbsandthe developmentof verbinflec-
tion in child language Languaye, 56:386—4121980.

H. BorerandK. Wexler. The maturationof syntax.In T. RoeperandE. Williams, editors,
ParameterSetting D. ReidelPublishingCompany, Dordrecht, 1987.

M. Bowerman. Learningthe structureof causatie verbs:A studyin the relationshipof
cognitive, semanti@andsyntacticdevelopment.ln Papeis and Reportson Child Languaye
Developmentvolume8, pagesl42—-178 Departmenbf Linguistics, StanfordUniversity,
1974.

M. Bowerman. Semanticfactorsin the acquisitionof rules for word useand sentence
construction.In D. M. MoreheadandA. E. Moreheadgditors,Normalanddeficientchild
language. University Park PressBaltimore,1976.

M. Bowerman. Evaluatingcompetinglinguistic modelswith languageacquisitiondata:
Implicationsof developmentakrrorswith causatie verbs.Quadernidi semantica3:5-66,
1982.

M. Bowerman. Reoganizationalprocessesn lexical and syntacticdevelopment. In
E. WannerandL. R. Gleitman,editors,Languae acquisition: Thestateof the art, pages
319-346 CambridgdJniversity PressCambridge1982.

M. Bowerman.The“no negative evidence”problem:How do childrenavoid anovergeneral
grammar?In JohnA. Hawkins, editor, ExplainingLanguaye Universals pages73-101.
Basil Blackwell, Oxford (UK), 1988.

M. Bowerman. Mappingthematicrolesonto syntacticfunctions:Are childrenhelpedby
innatelinking rules?Linguistics 28:1253-12891990.

M. D. S. Braine. On learningthe grammaticalorder of words. Psydolagical Review,
70:323-3481963.

M. D. S. Braine. Children’s first word combinationsvolume 41 of Monagraphsof the
Societyfor Reseath in Child DevelopmentUniversity of ChicagoPressChicago,1976.
R.Brown. AFirstLanguaye: TheEarly Stages HarvardUniversity PressCambridgeMA,
1973.

J. Bybee. Morpholayy: A Studyof the RelationbetweerMeaningand Form. JohnBen-
jamins,Amsterdam 1985.



[15] E.V. Clark. Earlyverbs,event-typesandinflections.In C. E. JohnsorandJ. H. V. Gilbert,
editors Children’s Languaye, volume9, page$1-73.LawrenceErlbaumAssociatesMah-
wah,NJ, 1996.

[16] GarrisonW. Cottrell. A ConnectionisApproad to Word Senséisambiguation Research
Notesin Atrtificial Intelligence MorganKaufmann SanMateo,1989.

[17] J.G.deVilliers, M. Phinng, andA. Avery. Understandingassieswith non-actiorverbs.
Paperpresentedtthe SeventhAnnualBostonUniversity Conferencen LanguageDevel-
opmentOctober8-10,1982.

[18] R.M. W. Dixon. TheDyirbal Languaye of North QueenslandCambridgdJniversityPress,
CambridgeUK, 1972.

[19] R.M. W. Dixon. Ergatiity. Languae, 55:59—-1381979.

[20] R.M. W. Dixon. Ergativity. CambridgdJniversity PressCambridge 1994.

[21] D. Dowty. Thematicproto-rolesandargumentselection.Languaye, 67(3):547-6191991.

[22] J.L. Elman.Findingstructuren time. Cognitive Science14:179-2111990.

[23] W.A. Foley andR.D. VanValin Jr. FunctionalSyntaxandUniversal Grammar Cambridge
University PressCambridge 1984.

[24] A. E. Goldbeg. ArgumentStructue Constructions PhD thesis,University of California,
Berkeley, 1992.

[25] A. E.Goldbeg. A ConstructionGrammarApproadc to ArgumentStructue. University of
ChicagoPressChicago,1995.

[26] K. Hirsh-PasekandR. M. Golinkoff. TheOrigins of Grammar:EvidenceromEarly Lan-
guage CompehensionMIT PressCambridgeMA, 1996.

[27] N. M. Hyams. Languae acquisitionandthetheoryof parametes. D. ReidelPublishing
Compary, Dordrecht,1986.

[28] Ajay N. Jain. A connectionistarchitecturefor sequentiasymbolicdomains. Technical
ReportCMU-CS-89-187Carngie Mellon University, 1989.

[29] E. L. Keenan.Towardsa universaldefinition of “Subject”. In C. Li, editor, Subjectand
Topic, pages303—334 AcademicPressNew York, 1976.

[30] G.Lakoff. Women Fire, andDangerousThings ChicagoUniversityPressChicago,1987.

[31] R.W. Langacler. Theoetical Prerequisitesvolumel of Foundationsof Cognitive Gram-
mar. StanfordUniversity PressStanford,1987.

[32] RonaldW. Langacler. Concept,lmage, and Symbol:The Cognitive Basisof Grammar
Moutonde Gruyter Berlin, 1991.

[33] RonaldW. Langacler. DescriptiveApplication volume 2 of Foundationsof Cognitive
Grammar StanfordUniversity PressStanford, 1991.

[34] B. Levin. OntheNature of Ergativity. PhDthesis MIT, 1983.

[35] C.D. Manning. Ergativity: ArgumentStructue and GrammaticalRelations PhDthesis,
Stanford,1994.

[36] A. P. Marantz.Onthenature of grammaticalrelations MIT PressCambridgeMA, 1984.

[37] M. MaratsosD. E. C. Fox, J. A. Beclker, andM. A. Chalkley. Semanticrestrictionson
children’s passies. Cognition, 19:167-1911985.

[38] M. MaratsosS. A. Kuczajll, D. E. C. Fox,andM. A. Chalkley. Someempiricalstudies
in the acquisitionof transformationatelations:Passires,negatives,andthe pasttense.In
W. A. Collins, editor, Children’s Language and CommunicationThe MinnesotaSymposia
onChild Psydolagy, volume12, pagesl—-45.LawrenceErlbaumAssociatesHillsdaleNJ,
1979.

[39] RistoMiikkulainen. SubsymbolidNatural Languaye ProcessingAn Integrated Model of
Scripts,Lexicon,andMemory MIT PressCambridgeMA, 1993.

[40] W. C. Morris. Emegent GrammaticalRelations:An Inductive Learning System PhD
thesis,University of California,SanDiego, 1998.



[41]

[42]

(43]
(44]
(45]
[46]
[47]
(48]

[49]

[50]

(51]

[52]
(53]

(54]

[55]
(56]
[57]

(58]

L. Naigles. Childrenusesyntaxto learn verb meanings. Journal of Child Languaye,
17:357-3741990.

L. Naigles K. Hirsh-PasekR. Golinkoff, L. R. Gleitman,andH. Gleitman.Fromlinguistic
formto meaningEvidenceor syntactidbootstrappingn thetwo-yearold. Paperpresented
atthe Twelfth AnnualBostonUniversity Child LanguageConferenceBostonMA, 1987.
R. OlguinandM. Tomasello. Twenty-five-month-oldchildrendo not have a grammatical
category of verh Cognitive Development8:245-2721993.

J.M. Pine,E. V. M. Lieven,andC. F. Rowland. Comparingdifferentmodelsof the devel-
opmentof theenglishverbcatgyory. MS, Forthcoming.

J. M. PineandH. Martindale. Syntacticcategyoriesin the speeclof youngchildren: The
caseof the determiner Journal of Child Languaye, 23:369-3951996.

S. Pinker. Languaye Learnabilityand Languaye Development Harvard University Press,
CambridgeMA, 1984.

S.Pinker. Learnabilityand Cognition: TheAcquisitionof ArgumentStructue. MIT Press,
CambridgeMA, 1989.

S.Pinker, D. S. LeBeaux,andL. A. Frost. Productvity andconstraintsn the acquisition
of thepassie. Cagnition, 26:195-2671987.

D. E.RumelharandJ.L. McClelland.Onlearningthe pasttenseof Englishverbs.In J.L.
McClellandandD. E. Rumelhartgditors,Parallel DistributedProcessingExplorationsin
the Microstructue of Cognition, volume 2, pages216-271.The MIT Press,Cambridge
MA, 1986.

D. E. RumelhartandJ. L. McClelland. Parallel Distributed Processing:Explorationsin
theMicrostructue of Cognition, volumel. TheMIT PressCambridgeMA, 1986.

P. Schachter The subjectin PhilippinelanguagesTopic, Actor, Actor-Topic, or noneof
theabore?In C. Li, editor, SubjectandTopic, page#91-518 AcademicPressNew York,
1976.

Mark F. St. JohnandJamed.. McClelland. Learningandapplyingcontetual constraints
in sentenceomprehensionArtificial Intelligence 46:217—-2571990.

M. Tomasello. First verbs: A casestudyof early grammaticaldevelopment Cambridge
University PressCambridge 1992.

M. Tomaselloand P. J. Brooks. Early syntacticdevelopment:A constructiongrammar
approach.In M. Barrett, editor, The Developmenbf Languae. UCL PresslLondon,in
press.

M. Tomaselloand R. Olguin. Twenty-three-month-ol@hildrendo have a grammatical
catgory of noun. Cognitive Development8:451-4641993.

V. Valian.Syntacticcatgyoriesin thespeectof youngchildren.DevelopmentaPsydology,
22:562-5791986.

V. Valian. Syntacticsubjectsn the early speectof Americanandltalian children. Cogni-
tion, 40:21-81,1991.

E.VanEverbroeckLanguageypefrequeny andlearnability:A connectionisappraisalln
M. HahnandsS. C. Stonesseditors, TheProceeding®fthe TwentyFir stAnnualConfeence
of the Cognitive ScienceSociety pages755-760,Mahwah NJ, 1999. LawrenceErlbaum
Associates.



