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Abstract

Pinker and colleaguesproposetwo mechanisms—a
rule systemanda lexical memory—toform pasttenses
andotherin�ections. They predictthatchildren'sacqui-
sition of theregularin�ection is sudden;that theregular
in�ection appliesuniformly regardlessof phonological,
semantic,or other factors; and that the rule systemis
separablyvulnerableto disruption. A connectionistac-
countmakestheoppositepredictions.Pinker hastaken
existing evidenceas supportfor his theory, but the re-
view presentedherecontradictsthisassessment.Instead,
theevidencesupportsall threeconnectionistpredictions:
gradualacquisitionof the pasttensein�ection; graded
sensitivity to phonologicalandsemanticcontent;anda
single, integratedmechanismfor regular and irregular
formsdependentjointly onphonologyandsemantics.

Teaser: A dual mechanismaccountof languagepro-
cessingmakeseveralpredictionsaboutthedevelopment,
use,anddisintegrationof in�ectional morphology;how-
ever, theevidencesupportsasingle-systemconnectionist
approach.
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One view of language,originating with Chomsky
[1,2], championedby FodorandPylyshyn[3] andwidely
pursuedby Pinker [4-7], holds that abstractsymbolic
rules play a central role in the human languagepro-
cessing. This claim is part of a broaderview that hu-
man cognitive mechanismsare symbolic, modular, in-
nate,anddomain-speci�c[4]. An alternative view, from
RumelhartandMcClelland[8—SeeBox], challengesthe
needfor the useof rules. This view ariseswithin the
Parallel Distributed Processing(PDP) or connectionist
framework [9], in which cognitive processesareseenas
graded,probabilistic,interactive, context-sensitive, and
domain-general.Acquisitionof languageandotherabil-
ities occursvia gradualadjustmentof the connections
amongsimpleprocessingunits.Characterizationsof per-
formanceas`rule-governed'areviewedasapproximate
descriptionsof patternsof languageuse;no actualrules
operatein theprocessingof language.

Theseperspectivesapplytomany aspectsof language,
and,asPinker andUllman [10] suggest,to many other
domainsaswell, but herewe focuson in�ectional mor-
phology, especiallythe English past tense. The idea
of a pasttenserule arosefrom noting that youngchil-
dren sometimesregularize irregular verbs, producing
`goed'or `felled' [11], andfrom the�nding thatchildren
(and adults) typically produceregular forms for nonce
(novel) wordsin a past-tenseelicitationtask[12]. Given
a picture of a man said to be `ricking' and a request
to complete`Yesterdayhe ', the responseis usually
`ricked'. Sincethechild would never have heard`goed'
or `ricked', suchresponseswerethoughtto show useof
a rule.

We addressa speci�c notion of rulesheld by Pinker
and his collaborators,in which rules are discrete,cat-
egorical, and symbolic objects used in a specialized,
innate languagemodule. For the English past tense,
the rule takes as its argumentany item identi�ed only
as a verb stem, and producesas its output its regular
past tense. In English the output is stem + [d] (sub-
sequentmachineryrealizes[d] as /d/, /t/ or /Id/, as in
`loved', `liked' or `hated',dependingonly on the stem-
�nal phoneme).Therule is saidto beuniform in its ap-
plication and independentof the meaning,phonology,
frequency of occurrence,or any other attribute of the
verbstemto which it applies.A furthercharacteristicof-
tenattributedto suchrulesis thattheiracquisitionis sud-
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Table1
PredictedandObservedAspectsof Regular In�ection
Aspect Predictionfrom Observed

Symbolic PDP
Rules Models

Acquisition sudden gradual gradual
Sensitivity:
to phonology no yes yes
to semantics no yes yes
in development no yes yes
in Germanplu. no yes yes

Separability:
genetically yes no no
neurologically yes no no

den. ThusPinker [5] suggeststhat the child “deduces”
the rule (p. 193), calling this an “epiphany” (p. 194),
anda “ `Eureka'moment”(p. 202). Whenwe refer to
symbolic rules, we meanrules with the characteristics
just described.

Exceptionslike `went', `rang' and `slept' cannotbe
generatedby the`add[d]' rule. Pinker's theoryproposes
that they are dealtwith by a lexical mechanismthat is
sensitive to frequency andsimilarity andentirelydistinct
from symbolicrules.Whenplanningto producethepast
tenseof averb,thespeaker�rst checksto seeif anexcep-
tional form canberetrievedfrom lexical memory. To ac-
countfor theoccasionaloccurrenceof formslike`brang'
(asthepasttenseof bring)or `splung'(asthepastof the
nonceverb spling), Pinker proposesthat lexical mem-
ory hasassociative propertieslike PDP networks, and
thussometimesproducesnovel exceptionforms for in-
putssimilar to known exceptions.In any case,if lexical
memoryoffersupa form, it is produced;if not, thesym-
bolic rule is usedasa default. Thetheoryencompassing
theruleandthelexicon is calledthedualmechanismac-
count.

Pinker and his colleagues,having examinedseveral
predictionsof their account,concludethat the available
evidenceprovidesconvincing support. The predictions
arestrongenoughthat con�rmation would indeedsup-
port the ideaof the symbolicrule mechanism.Further-
more,clearevidencefor thepurportedpropertiesof the
symbolicrule mechanismwould contradictbasictenets
of thePDPalternative. ThePDPaccountdeniesthatlan-
guageandothercognitiveprocessesarecharacterisedby
thediscreteness,uniformity of application,andmodular-
ity assumedfor the symbolic rule system. It proposes
thatboth regularandexceptionalaspectsof verb in�ec-
tion (andof otheraspectsof language,too; see[13,14])
emerge from a single, integratedmechanism.The con-
nectionistapproachmakesoppositepredictionsto those
of the rule-basedapproach(Table 1), so that evidence
againstoneis supportfor theother. It is thereforecrucial
to examinetheevidence.

In what follows we consider whether in�ectional
morphologyexhibits threekey aspectsof the symbolic

rule/dualmechanismtheory: (1) that acquisitionof the
symbolicrule is sudden;(2) thattherule is uniformin its
applicabilityandindependentof phonological,semantic,
or otherfactors;and(3) thattherule-basedmechanismis
separatefrom themechanismthatdealswith exceptions.

Is Acquisitionof theRegular
PastTenseSudden?

Marcuset al. [15] consideredthe onsetof the regu-
lar pasttense,usingCazden's [16] analysisof recorded
speechfrom threenormallydevelopingchildren(Adam,
Eve, and Sarah: Brown, [17]). Marcuset al. suggest
that the �rst over-regularizationin eachchild's corpus
signalsthemomentof acquisitionof thepasttenserule,
and statethat this over-regularizationerror is followed
by “rapid increases[in in�ecting regulars]to high levels
[...] shortly afterward. Adam's �rst over-regularization
occurredduringa3-monthperiodin whichregularmark-
ing increasedfrom 0 to 100%” [15, p. 103].

Hoeffner (1996 Ph. D. Dissertation,Carnegie Mel-
lon University)evaluatedthesedata(seeFigure1), both
as presentedby Marcuset al. and as they emerged in
a re-analysisusing the transcriptionin the CHILDES
database[18]. Considering�rst the datapresentedin
Marcuset al., Hoeffner notedthatonecouldjust aseas-
ily say that “Adam's �rst over-regularizationoccurred
during a six-monthperiod in which the probability of
using the regular ... rose gradually from 24 to 44%”
(p. 98). Either statementseemsfairly arbitrary; the
dataarenoisy, andspikesoccurwhenrelatively few ob-
servationswereavailable(Adam's 100%markingat 37
monthsis basedon8 observations).Giventhenoise,the
graphsfrom all threechildrensuggestaprocessthatpro-
ceedsfrom very little markingin obligatorycontexts to
fairly reliablemarkingoverthecourseof aboutoneyear.
Hoeffner's own analysis(seecaption),suggestsan even
moregradualacquisitionprocess.A good�t to thedata
wasachievedwith a logistic regressionin which theuse
of theregularpastincreasesmonotonicallywith age.Use
of �rst over-regularizationasa predictordid not reliably
improvetheaccountfor regularizationratesin any of the
children.

In short,theacquisitionof theregularpasttenseis not
sudden. According to Brown [17, p. 257], reviewing
Cazden'sanalysisof otherin�ections, thesituationis the
samein all cases:

Thereis alwaysa considerableperiod... in
which production-when-required is proba-
bilistic. This is a fact that doesnot accord
well with the notion that the acquisitionof
grammaris a matter of the acquisitionof
rules,sincethe rules ... eitherapply or do
not apply. Onewould expect rule acquisi-
tion to besudden.
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Figure1. Acquisitionof theregularpasttenseby Adam,Eve,andSarah,aspresentedin Marcusetal [15] andin JamesHoeffner's
Ph. D. Thesis.Percentusageof theregularpasttensein obligatorycontexts is graphedasa functionof thechild's agein months.
Marcuset al presenteddatabasedon scoringby Cazden[16]. Hoeffner repeatedtheanalysisstartingfrom thetranscriptprovided
in theCHILDES database,andincludedadditionaltime periods.Two independentratersconsideredeachoccurrenceof a reguler
verbin thechild'sspeech,�rst consideringthecontext of occurrenceandevaluatingwhetherapasttensewasrequiredbeforeseeing
theform of theverbactuallyused,therebyeliminatingpossiblebiasin determiningwhetherthecontext requireda pasttenseand
producingan increasein the numberof obligatorycontexts identi�ed. Datain the upperpanelarereplottedbasedon datafrom
Cazden[16] reprintedin AppendixTablesA1, A2 andA3, pages145-146,of Marcus,G. F., Pinker, S., Ullman, M., Hollander,
M., Rosen,T. J., & Xu, F. (1992). Overregularizationin LanguageAcquisition. Mongraphsof theSocietyfor Research in Child
Development,SerialNo. 228,Vol 57, No. 4. Datain the lower panelarereplottedwith permissionfrom Appendices1, 2, and3,
pages311-335of Hoeffner, J. (1996).Are rulesa thing of thepast?A singlemechanismaccountof Englishpasttenseacquistion
andprocessing.Ph.D. Dissertation,Departmentof Psychology, CarnegieMellon University.

Is Applicationof theRegular
PastTenseUniform?

Pinkerstressesthatsymbolicrulesdonotvary in their
applicability, but dependonly on categoricalconditions:
the past tenseappliesto any verb stem. Doesthe ev-
idencesupportthe predicteduniformity? We consider
four cases.

Uniformity with respectto phonology. Prasadaand
Pinker [19] testedjudgementson andproductionof the
past tenseusing nonceforms like `plip' or `ploamph',
manipulatingphonologicalsimilarity to existing words.
They concludedthat there was an effect of similarity
to known exceptionson novel irregular in�ections, but
no effect of similarity to known regularsfor the regular
in�ection. But therewas an effect for regulars,which
PrasadaandPinkerattributedto a confound:their nonce
stems, like `ploamph', that were not similar to other
regular items, were also phonologicallystrange. Even
thoughsubjectswere asked to judge the in�ection and
not thestem,PrasadaandPinkerclaimedthatthejudge-
mentswereaffectedby thephonologicalpropertiesof the

stem,and`corrected'for thisby subtractingstemaccept-
ability ratings;but this maybecorrectingawayarealef-
fect. A recentstudyby Albright andHayes(manuscript,
Departmentof Linguistics,UCLA) avoidedtheconfound
by usingnoncestemsof highphonologicalacceptability,
andvariedwhethertheitem occurredin an`islandof re-
liability' for theregularor for anexceptionalpasttense.
For example,their corpuscontainedover300verbsend-
ing in anunvoicedfricative (e.g.,`rush' or `laugh'); this
is an islandof reliability sinceevery suchverb is regu-
lar. Bothregularandirregularin�ections receivedhigher
ratingsif they camefrom reliableislands.Theeffect for
regularssurvivedpartiallingoutany competingin�uence
favoringexceptions.Thustheregularpasttenseis sensi-
tive to phonologicalattributesof thestem,violating the
predictionof thesymbolicruleaccount.

Uniformity with respect to semantics. A role for
word meaningin forming the regular pasttenseis vig-
orously rejectedin Pinker's theory, sincesensitivity to
semanticsimilarity runs counterto the claimedencap-
sulationof the systemthat appliesphonologicaltrans-
formationsto word forms. Yet an in�uence of mean-



4 MCCLELLAND AND PATTERSON

Figure2. Summaryof effectsof semanticsandgrammaron in�ections of thenonceverbs`frink' and`sprink' from Ramscar[22].
Theleft panelshows useof irregular(`frank' or `sprank')or regular(`frinked' or `sprinked') in four diffent conditions.Notethat
in a neutralcondition,with no semanticcontext, participantspreferredirregularpasttenses,andthis trendpersistedwhencontext
provideda meaningfor thenonceverbsimilar to thatof drink. Whenthecontext suggesteda meaningsimilar to regular 'wink'
or 'blink', or even to the regular word 'mediate', participantsshiftedto the regular pasttense,suggestingthat useof the regular
pasttensecanbe in�uenced by semantics.The right panelindicatesthat subjects'ratingswerenot affectedby their judgement
of whetherthenonceverbseemedto bedenominal.Otherexperimentsin Ramcar(2002)demonstratedstrongeffectsof context
specifyinga particularmeaningof a known polysemousverb like �y , andagaintherewasno effect of denominalstatus.These
�ndings clearlyshow thatmeaningcanin�uence choiceof the regularvs irregular in�ection, andfail to supporttheclaim [5,23]
thatdenominalstatusblocksaccessto lexically-markedexceptions.Reprintedfrom Figure1, p. 68, of Ramscar, M. (2002). The
roleof meaningin in�ection: Why thepasttensedoesn't requirea rule. CognitivePsychology, 45, 45-94.PermissionPending.

ing in the selectionof regular aswell as irregular past-
tenseforms hasoften beenargued[20-22]. In a recent
study, Ramscar[22] placednonceverbslike `frink' into
semanticcontexts that encouragedan interpretationre-
semblingeither`drink' or `blink'. The former typically
elicited `frank' while the latter increasedthe likelihood
of `frinked' (seeFigure2). The overall patternof data
contradictsseveral featuresof Pinker's account,includ-
ing the modularityof the regular in�ectional system,a
purportedblockingof lexical/semanticaccessin denom-
inal verbs[5,23] andthepredictedindependenceof reg-
ular in�ection from in�uence by semanticinformation
(caption).

Semantic in�uences during acquisition. Shirai and
Anderson[24] examinedthe useof the pasttenseasa
function of semanticpropertiesof thesituationreferred
to in children'sspeech.Whenit �rst appears,theuseof
the pasttense(including over-regularization)is largely
restrictedto descriptionsof punctateevents that have
endpointsand produceresults(`I droppedit'); it then
graduallyspreadsto casesin which one of the typical
properties(is punctate,hasendpoint,producesresults)is
violated. Thechildren's initial usagecorrespondsto the
typical, but certainly not the only, casesthat appearin
their mothers'speech,suggestingthat initial useof the
regularpastgrows from asemanticprototype.

The exceptionthat provesthe rule? In English, the
regular past is common,applying to 86% of the 1000
mostcommonverbs[5]. Pinker [5,6] andMarcuset al
[25] have suggested,however, that high type frequency
is not necessaryfor the discovery of a regular pattern.
Threecaseshavereceivedthebulk of thisdiscussion:(1)
theregularGermanpastparticiple-t [26]; (2) theArabic
Broken Plural [27]; and(3) the German+s plural [25].
Careful scrutiny of cases(1) and (2) [28,29] indicates
that theformsin questionarenot in fact in theminority.
So thecasefor `the exceptionthatprovesthe rule' [25]
falls to the German+s plural. Marcuset al claim that
thes-plural,despiteoccurringin only a smallfractionof
Germannouns,is the default usedby Germanspeakers
whenever thereis a “f ailure of lexical memory”. They
enumerate21 separatecontexts in which they suppose
thatlexical memorywill fail, andarguethatthe+splural
shouldbeusedin all of thesecasesbecauseit functions
asa symbolicrule independentof theparticularcharac-
teristicsof theitem to which it applies.

The+s plural certainlyis in theminority in German;
but doesit applyuniformly asthesymbolicrule account
predicts?In fact, its usageis not uniform even in [25],
which examinedassignmentof the +s plural to nonce
formstreatedas(a)unknown but realGermanwords,(b)
foreign words, or (c) propernames. For both (b) and
(c) only the default rule shouldbe available, yet these
two casesdo not revealthesamepatternof extensionof
the +s plural. HahnandNakisa[30] (Figure3) discon-
�rm theclaimthat+sactsuniformly acrossseveralof the
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Figure 3. Evidencethat the German+s plural is not useduniformly acrossseveral situationssupposedlycalling for the useof
a default asproposedby Marcuset al [25]. Eachrow of the �gure representsa differentnounform, with the type of the form
indicated;thehorizontalbarsseparatethedifferenttypes.Columnsof the�gure indicatealternativepossibleplural in�ections, with
the+spluralspeci�cally highlighted,anddarknessof theentryin eachcell indicatesthelikelihoodof usingtheparticularplural for
thegiven item, basedon datafrom native Germanspeakingadults.Reprintedfrom Figure9, p. 349,of Hahn,U & Nakisa,R. C.
(2000).Germanin�ection: Single-routeor dual-route?CognitivePsychology. 41, 313-360.Permissionpending.
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contextsclaimedby Marcuset al. Theonly caseof high
andnearlyuniform useof +s occurswith surnamesand
doesnot extendfully evento �rst names:two members
of the `Mann' family are called `Manns' but two girls
named`Ulrike' canbe two `Ulriken'. Bybee[26] also
notesrelatively high probability for foreign borrowings
endingin full vowels.Surnamehoodis anarbitraryprop-
ertythatmustbeassociatedwith aspeci�c useof anitem
in context, andassigning+s to foreign borrowingsend-
ing in full vowels requiressensitivity to phonologyand
etymology. Suchspeci�city undercutsthenotionthatthe
German+s plural is in any sensea default. It is not
the exceptionthat provesthe rule; insteadit is another
casewith thegraded,probabilistic,andcontext-sensitive
characteristicsseenin connectionistnetworks.

Is RegularIn�ection
Separablefrom In�ection of

Exceptions?

Is therea separatemechanismfor regularin�ections?
In contrastto theconnectionistapproach,thedualmech-
anismtheoryarguesyes,andpredictstheoccurrenceof
selectivede�cits in producing/comprehendingregularin-
�ections. Pinker [4] consideredtwo putativeexamples.

Genetic knockouts? A large family (the KE family)
consistsof somenormal individualsand somewith an
identi�ed single-genedefect[31,32]. Reportsbasedon
testingwith asmallnumberof stimuli [33,34]suggested
thataffectedindividualshadspecialdif�culty with regu-
lar comparedto irregular in�ections. Subsequentinves-
tigationby Vargha-Khademet al [35], however, paintsa
differentpicture. Affectedfamily memberswerefound
to have a wide rangeof de�cits in linguistic and non-
linguistic tasks,and they demonstratedsubstantialand
equaldif�culty with regularandirregular forms(Figure
4) when testedwith a longer andbetter-controlledlist.
Thereis no signof selective vulnerabilityof the regular
in�ection. Wedonot ruleout thepossibilitythatadevel-
opmentalphonologicalde�cit could result in dif�culty
acquiringregular forms [36]. Indeed,if regular in�ec-
tionsarephoneticallyweakin theinput to a network, an
impairmentin phonologicalrepresentationcanresultin a
failureto learntheregularpasttense[37]. This provides
oneway of understandingwhy somechildrendiagnosed
with speci�c languageimpairmentpresentwith anappar-
entselectivede�cit in in�ectional morphologyandother
aspectsof grammar[38], sincemany aspectsof grammar
aresignalledby phoneticalllyweakmaterial[39].

Effects of brain damage? Anterior lesionsin the left
hemisphereoften result in dys�uent speechcontaining
few grammaticalmorphemesor in�ections [40]. Ullman
etal [41,42]havereportedapatientof this typewhopro-
ducedthe correctpasttensefor 69% of exceptionsbut
only 20% of regularsand5% of nonceforms in a past-
tenseelicitationtask.In collaborationwith severalothers

(Bird et al, [43]) we have consideredthepossibility that
an uncontrolleddifferencebetweenthe regular andex-
ceptionitemsin Ullman'sstudymayhave in�uencedthe
results:theword-�nal consonantclusterswerelongeron
averagein the regularpasttenses(2.0 consonants)than
in theexceptions(1.2consonants).This is natural,since
regular in�ection involvesthe additionof phonological
materialto theverbstem,increasingits complexity [44].
In contrast,the formation of exceptionsgenerally in-
volvesa vowel and/orconsonantchange(eat-ate,think-
thought)thattendsto conservecomplexity. Wheresome-
thing is added,thereis typically a compensatoryreduc-
tion in vowel length(`keep'-`kept'), so that exceptional
pasttensesfall within acceptablephonologicalbounds.

Bird et al. identi�ed 10 non�uent aphasicpatients
who were all signi�cantly better with irregular verbs
on a screeninglist unmatchedfor phonologicalfactors.
The advantageoccurredin the elicitation task (37% vs
20% correct),and also in single-word repetition(68%
vs 47%)andsingle-word reading(44%vs 24%). When
testedwith regularandexceptionpasttensesmatchedfor
phonologicalcomplexity, noneof the patientsshowed
anadvantagefor irregularsin theelicitationtask(means
of 26% irregular, 29%regular) or in repetition(65%vs
64%),supportingtheview thattheinitial differencewas
phonologicalratherthanmorphologicalin origin. A re-
maining irregular advantagein reading(41% vs 27%)
wasinterpretedasaconcretenesseffect: past-tenseverbs
like `ground'and`rose'arealsoconcretenouns.

Ullman et al. [41] alsoreporteda disadvantagein the
elicitationtaskfor regularverbsin patientswith Parkin-
son'sDisease(PD).Again,however, theeffectcanprob-
ably be interpretedin termsof phonologicalcomplexity
because,in the speciallydesigned'PD retest' list, on-
setconsonantclusterswerelongerin theregularthanthe
irregularverbs. Furthermore,thedisadvantagereported
for nonwordsrelative to exceptionscannotbeattributed
to in�ectional processes:the PD patients'responsesto
nonwords,althoughoften characterizedby stemdistor-
tions('pragged'or 'planned' insteadof 'plagged'),were
correctlyin�ected 91%of thetime (vs. 88%for theex-
ceptions).

Summaryof TheStateof the
Evidence

In Table 1 we listed contrastingpredictionsof the
DualMechanismandPDPtheories.Ourreview suggests
that the onsetof the regular past(and all other in�ec-
tions) is gradualrather than sudden;that both the En-
glish regular past tenseand the German+s plural are
subjectto phonological,semanticand other in�uences
ratherthanbeinguniform in their application;andthat
thereis noconvincingevidencethatthein�ection of reg-
ular verbscanbeselectively impaired,exceptinsofar as
suchimpairmentis a direct or indirect consequenceof
a phonologicalimpairment. The evidenceseemsthere-
fore to befully compatiblewith theideathatin�ectional
processesarisein a single integratedsystem,in which
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Figure 4. Performancein an elicitation task requiringproductionof the pasttensegiven the present(“Every day I washmy
clothes;yesterdayI my clothes.”) or of thepresentgiventhepast(YesterdayI washedmy clothes;every dayI my clothes”)
for affectedand unaffectedmembersof the KE family. Resultsare basedon matchedsetsof 10 regular and irregular verbs.
Reprintedfrom Figure2, p. 933of Vargha-Khadem,F., Watkins,K., Alcock, K., Fletcher, P., & Passingham,R. (1995). Praxic
andnonverbalcognitive de�cits in a largefamily with a geneticallytransmittedspeechandlanguagedisorder. Proceedingsof the
NationalAcadamyof Sciences,92, 930-933.Permissionpending.

Figure 5. The connectionistmodelof JoanisseandSeidenberg [46], in which regular andinrregular forms aregeneratedby a
singlesystem,employing phonologicalinput andoutput representationsanda semanticinternalrepresentation.Whena verb is
presentedon the input, thenetwork is trainedto generateanappropriatesemanticrepresentation(activating thecorrectword unit
andthepasttenseunit if appropriate)andalsoto generatethecorrespondingoutputrepresentation.Thenetwork is alsotrainedto
producethecorrespondingphonologicaloutputwhengivenan input activatingan individual semanticunit correspondingto each
taughtword,andto generatepasttenseswhenthepasttenseunit is activatedandeitheraverbstemis presentedto thephonological
input or a word unit is activatedin semantics.Reprintedfrom Figure2, p. 7594,of Joanisse,M.F., & Seidenberg, M.S. (1999).
Impairmentsin verbmorphologyfollowing braininjury: aconnectionistmodel.Proceedingsof theNationalAcademyof Sciences,
96, 7592-7597.Permissionpending.
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gradedandcontext-sensitive in�uences of many differ-
ent typesjointly determinewhethera regular or an ex-
ceptionalpasttense(or otherin�ection) will apply. This
singlesystemhasall of thecharacteristicsof theconnec-
tionist framework for in�ectional processing.

We do not claim that it would be impossibleto con-
structarule-basedmodelof in�ection formationthathas
all of the propertiessupportedby the evidence. How-
ever, suchan accountwould not be an instantiationof
Pinker's symbolicruleaccount.In fact,rule-basedmod-
els with someof the right characteristicsare currently
being pursued[45; Albright & Hayesmanuscript]. If
suchmodelsusegradedrule activationsandprobabilis-
tic outcomes,allow rules to strengthengraduallywith
experience,incorporatesemanticandphonologicalcon-
straints,anduseruleswithin a mechanismalsoincorpo-
ratingword-speci�cinformation,they couldbecomeem-
pirically indistinguishablefrom a connectionistaccount.
Suchmodelsmightbeviewedascharacterizinganunder-
lyingly connectionistprocessingsystemat ahigherlevel
of analysis,with rulesproviding descriptive summaries
of theregularitiescapturedin thenetwork'sconnections.

TowardanAdequate
ConnectionistAccount

Existing connectionistmodelsstill have limitations.
Giventheextentof empiricalsupportfor thepredictions
arisingfrom theconnectionistapproach,however, were-
main convinced of the fruitfulnessof pursuingthe ap-
proach.Ourcurrenteffortsbuild ona modelby Joanisse
andSeidenberg [46] (Figure5) which incorporatesarole
for semanticrepresentations[seealso13,14], something
left outof RumelhartandMcClelland[8] asasimpli�ca-
tion. This modelcanexplain why a semanticde�cit dis-
proportionatelydisruptsproductionof exceptionalpast
tenses,asdemonstratedby Ullmanetal [41,42] andPat-
tersonetal [47]: wordmeaningprovidesinformationthat
helpsthenetwork to treata particularitem distinctively,
counteractingthenetwork's tendency to apply the regu-
lar in�ection. Somelimitations remain,however. Our
extensionswill usedistributedsemanticrepresentations
thatcapturesimilarity in meaning,aswell asre�nements
to phonologicalprocessesto addressphonologicalcom-
plexity and perceptibility effects. The fact that sucha
completemodelis not yet implementedis scarcelysur-
prising or unique. Encompassingthe whole problemis
a real challengefor any model, and currentrule-based
proposalsareat bestonly partially implemented.

In pointing toward a future connectionistaccount,
we note one signi�cant aspect that may be under-
appreciated.Contraryto somestatements[e.g.,4], con-
nectionistnetworksarenot simply analogymechanisms
that basetheir tendency to generalizeon raw item-to-
item similarity [48]. Instead,they aresensitive to regu-
larities,sothatif aninput-outputrelationshipis fully reg-
ular, thenetwork cancloselyapproximatea categorical,
symbolicrule. Suchapropertyis necessaryif thesemod-
els areto capturethe full rangeof in�ectional systems,

sincethereare casesthroughoutthe world's languages
(including the English progressive, -ing form) that are
completelyregular [49]. Theseoccur interspersedwith
many othercaseswith varyingdegreesof regularity, and
networks of the right sort shouldbe ableto capturethe
whole spectrum.This makesthe connectionistnetwork
fundamentallydifferentfrom eitherthesymbolicrule or
thelexical mechanismconsideredin thedual-mechanism
account.

Box: The
Rumelhart-McClelland

(1986)Model

The Rumelhart-McClellandmodel of past-tensein-
�ection [a] consistsof a simple patternassociatornet-
work [b,c] that learns the relationship between the
phonologicalforms of the stemsandpast-tensesof En-
glish words. This network is �anked by a �x ed encod-
ing network on the input sideanda �x eddecodingnet-
work on the output side (seeFigure 1). All learning
occursin the patternassociator. The encodingnetwork
simply converts a string of phonemesinto the 'Wick-
elfeature'representationusedinsidethenetwork to rep-
resentthe stemof eachword. Similarly, the decoding
network convertsthecomputedWickelfeaturerepresen-
tationof theattemptedpasttenseresponsebackto a se-
quenceof phonemes.The overall theorywithin which
this modelaroseassertsthatprocessingis meaning-and
context-sensitive;for simplicity suchin�uenceswerenot
included.

Processing. For a given input, the patternassociator
producesan output by a simple neuron-like activation
process.Eachoutputunit computesa 'net input' based
on the currentinput patternand the valuesof the con-
nectionweights. The net input is the sum over all of
theconnectionscominginto theunit of theactivationof
thesendingunit multiplied by theweightof theconnec-
tion. Eachunit alsohasa modi�able threshold. When
thenet input exceedsthe threshold,theunit tendsto be
turnedon, with a probabilityapproaching1 asnet input
increases;otherwise,theunit tendsto beturnedoff.

Learning. The network is trainedusing Rosenblatt's
perceptionconvergenceprocedure[d]. On a learning
trial, themodelis presentedwith thestemform of aword
and its correctpast tense. The stemform is encoded,
andtheactivationsof theWickelfeatureoutputunitsare
computed.This computedrepresentationis comparedto
thecorrectrepresentationof theword'spasttense.If the
computedactivationof a givenunit matchesthecorrect
value, no learningoccurs. If a unit that shouldbe ac-
tive is not,theweightsto thatunit from eachactive input
unit receive a small �x ed increment,and the threshold
is reduced.Correspondingly, if a unit thatshouldnot be
active is on, theweightsfrom eachactive input unit are
decrementedandthe thresholdis increased.As a result
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Figure6. [Box Figure1]. TheRumelhart-McClellandmodelof past-tensein�ection, Reprintedfrom Fig. 1, p. 222,of Rumelhart
D. E., & McClellandJ.L. (1986).On learningpasttensesof Englishverbs.In RumelhartD.E. andMcClellandJ.L (Eds),Parallel
DistributedProcessing:Vol 2: Psychological andBiological Models.Cambridge,MA: MIT press.PermissionPending.

thenetwork graduallyimprovesperformanceover many
learningtrials, simulatinga gradualdevelopmentalpro-
cess.Later modelsemploy the back-propagationlearn-
ing algorithm[e], anextentionthatallows theuseof one
or morelayersof hiddenunits betweeninputsandout-
puts,and/orrecurrentconnections[f].

Representation. Codingis basedona ideaby Wickel-
gren[g], in which word forms arerepresentedby units
designatingeachphoneme,togetherwith its predeces-
sorandits successor. Thus'help' would berepresented
by ' he', 'hel', 'elp', and ' lp '. The model usedunits
called 'Wickelfeatures'(WFs) eachrepresentinga fea-
ture from eachof the phonemesin suchtriads. For ex-
ample,thereis a unit representingthe featuresequence
' liquid-unvoiced-end',which would be active in repre-
senting' lp '. In general,words ending in a unvoiced
phonemearerepresentedby severalWFscapturingthat
the �nal phonemeis unvoiced. For the pasttenseout-
put 'helped', suchWFs shouldbe replacedwith others
representingthe addedunvoicedstop /t/ that forms the
past-tensein�ection.

Capturing regular and exceptional in�ections. For
regular verbsin English,if thestemendsin a unvoiced
sound(like the/p/ in help)thepasttensewill beformed
by addingtheunvoiceddental/t/. Throughexposureto
regular words, the network will repeatedlyexperience
caseswhere the input containsWFs coding �nal un-
voicedstemphonemesandtheoutputcontainsWFscod-
ing theadded�nal /t/. Thelearningprocesswill build up
positiveconnectionsfrom theactiveinputunitsto theap-

propriateoutputunits, therebyencodingthe regularad-
dition of /t/ afterunvoicedphonemes.Also, all non-�nal
WFsof thestemaresimply maintainedin thepasttense
form, sothenetwork will graduallyacquireconnections
mappingeachnon-�nal WF to its counterpartin theout-
put. At thesametime,eachoutputunit canbein�uenced
by any input unit. To produceexceptions,connections
from unitscodingspeci�c input featuresto unitscoding
for exceptionalaspectsof thein�ection will bestrength-
ened,therebyallowing speci�c propertiesof the input
(suchaspresenceof 'ee' followedby �nal /p/) to modify
speci�c propertiesof theoutput,sothatitemslike creep,
keep,andsleeparecorrectlymappedto the pasttenses
crept,keptandslept.
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Wordsor RulesCannot
Exploit theRegularity in
Exceptions:A Replyto

PinkerandUllman

Pinker andUllman [10] succinctlyrestatetheir posi-
tion that theEnglishpasttenseis governedby two com-
petingmechanisms,identi�ed as”wordsandrules”,and
takenasexamplesof distinctproceduralanddeclarative
systems.Theirmechanismswork separately, sothatonly
oneor the other is responsiblefor yielding a particular
pasttenseform. To producethepasttenseof keep, words
andrulesraceto generatea response;sincethe correct
pasttenseof keepis not regular, it mustbegeneratedby
thelexical mechanism.For this reason,we think of their
approachasthewordsor rulestheory.

Our approachis different. An integratedconnection-
ist network mapsfrom thestemsof all verbsto theirpast
tenseforms,usinga singlenetwork of unitsandconnec-
tions.For example,in theoriginalRumelhart& McClel-
land (1986)model [8], the sameunits andconnections
thatproduceregularpasttensesfrom regularstemsalso
processthe irregulars, so the network hasan inherent
tendency to do the samething to the exceptionsthat it
doesto regulars—namelycopy the featuresof the stem
to thepasttenseform andadd/d/, /t/ or /d/ dependingon
the �nal consonant.To producekept insteadof keeped
(notekeepedis pronouncedwith unvoiced/t/) all that is
requiredis to adjustthe activationsof the output units
representingthevowel, somethingthat thenetwork will
have learnedto do on thebasisof experiencewith keep
andneighborscreep,leap,sleep,sweep,andweep.The
network usesthesameconnection-basedknowledgethat
allows it to performthe regular mapping,andalsotaps
into speci�c connectionsactivatedby theparticularprop-
ertiesof 'keep' to producethevowel adjustment.

A core differencebetweenthe approachesis that
oneexploits the regularity in the exceptions—whatwe
call quasi-regularity—andthe other doesnot. Quasi-
regularity is thetendency for anexceptionto exhibit as-
pectsof theregularpattern[14]. If therewereonly a few
quasi-regular items,onemight treat themasaccidents,
but in fact nearlyall exceptionalpast-tensesin English
are quasi-regular to someextent. To demonstratethis,
we enumeratethedifferenttypes(for othertaxonomies,
see[7,50]):

1. Two very frequentverbs,haveand make, deletea
consonantandadd the regular /d/ to what remains,
forminghadandmade.

2. The-eepwordslistedaboveandothers,includingsay,
do, tell, hear, sell, �ee andshoe, form thepasttense
by addingregular /d/ or /t/ andmakinga vowel ad-
justment,producingkept,did, said,told, etc.

3. Twenty-eightverbslike cut andhit have pasttenses
identicalto theirstems;all endin /d/ or /t/, asregular
pasttensesdo.

4. Another set of verbsendingin /d/ or /t/, including

bleed,breed,feed,lead,read,speed,hide, ride, slide,
and �ght , adjustthe vowel to create/d/- or /t/-�nal
bled,slid, fought, etc.

Several setsof verbs(waning in somedialects)use
unvoiced/t/ insteadof /d/, usuallyafter/l/ or /n/.

5. Onesuchset,includingdwell,smell,spell,spill, burn,
and learn, would be completelyregular except for
thede-voicingof thein�ection, producingpastforms
likespeltandburnt.

6. Anothergroupthat takes/t/ insteadof /d/, including
mean,dream,deal, feel, andkneel, adjustthevowel
aswell, yieldingmeant,dealt, etc.

7. A group of verbsalreadyending in /d/, including
build, bend,lend,rend,sendandspend, replacestem-
�nal /d/ with /t/ to makebuilt, sent, etc.

8. Another, relatedgroup,including bring, catch, seek,
teach, andthink adjustthevowel to /aw/ andreplace
the�nal consonantclusterwith /t/, creatingbrought,
etc.

Overall, 59% of the 181 Englishexceptionslisted in
Pinker & Prince[7] have pasttensesendingin /d/ or /t/,
andfall into oneclasses1-8.

9. Items like sing-sang, rise-rose and �y-�e w, which
comprisenearlyall of the remainingcases,arealso
quasi-regular, sincethe consonantsof the stemare
preserved,andonly avowel changeoccurs.

Thereareonly two 'suppletive' verbrootsin English
(beandgo, with derivativesforgoandundergowherethe
pasttenseform is completelydifferentfrom thepresent
tense.

As notedabove, the Pinker-Ullman theory provides
no mechanismfor exploiting the aspectsof the regu-
lar past tensethat are so prevalent amongexceptions.
Pinker [4] did adoptthe ideathat the lexical systemhas
connectionist-likeproperties.Thisprovidedaway to ac-
countfor clustersamongtheexceptionsandfor creative
formationof novel forms consistentwith suchclusters.
This stepwas in the right direction, but did not go far
enough.Sincepasttensesof exceptionsin this account
are formed only by the lexical system,the theory still
fails to explain why many of theexceptionsshareprop-
ertieswith regular pasttenseforms and offers no way
to exploit the regularmappingin forming pasttensesof
theseexceptions.

In contrast,connectionistmodelsinherentlycapture
the regularity in the exceptionsbecausethe exceptions
are processedby the samenetwork that processesthe
regulars. As alreadynotedfor keep-kept, itemsthatare
quasi-regular canmake partial useof the sameconnec-
tionsthatareusedin formingexcpetions.All nineof the
typesnotedabove,encompassing177/181forms,exploit
to somedegreetheconnectionweightsthatproducereg-
ular items. Only the suppletive itemsfail to make any
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useof theconnectionsthatproducetheregularpasttense
[51].

Thepasttenseof Englishis just onedomainthatex-
hibits quasi-regularity. In Englishspelling-soundmap-
ping, virtually every exceptionhassomedegreeof reg-
ularity; exceptionalpint, aisle, hymn and champagne
all partially adhereto regular correspondences.Quasi-
regularity exists in richly in�ected languageslike Span-
ish and in derivationalaswell as in�ectional morphol-
ogy [52, 44]. It is found in languageunits beyond the
wordlevel [53,54], andbeyondlanguageit characterises
real-world objects,which have propertiessharedwith
otherobjectsof therelatedtypesaswell assomeunique
properties[55]. Given theseobservations,theplausible
candidatemechanismsof humanlinguistic andconcep-
tualprocessesarethosethatcanexploit quasi-regularity.
Single-systemconnectionistmodelshave this property;
thewordsor rulestheorydoesnot.
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