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We will devote our commentaryto two topics from Ullman et al’s study: (1) the linguistic
assumptionghat underliethe Ullman et al. investigation,and (2) the implicationsof the study
for linguistic theory The paperis a detailedstudy of the English pasttensein aphasiaandis
couchedin the contet of the larger debatebetweenconnectionistand non-connectiontsmodels
of humanlinguistic competence From the perspectie of linguistic theory the attentiondevoted
to arguing againstconnectionistmodelsis regrettable, however necessaryt may be in the larger
contet of cognitive neuroscienceResearchn connectionisframevorks in the pasthasrevealed
nothingnew aboutthe natureof the humanlanguageaculty andthe currentresearchprogramis
basedmoreon vagueandunsatisfyingoromissorynotesthanon resultsthathave consequencdsr
our understandingf languaggMcClellandand Seidenbag (2000)). Theresultsof the Ullman et
al. studyindicateyet againthat thereare fundamentaproblemswith the connectionistesearch
program,aboutwhich we have nothingfurtherto say

The study is an importantand positive contrikution to the study of languageand cognition
becausdt applieslinguistic cateyoriesseriouslyto neuroscientifiquestions.Ultimately, however,
the studyof languageandcognitionwill have to acknavledgecompleities thatarenot recognized
in extantdiscussionsf the Englishpasttense compleitieswhich have beenarticulatedn linguistic
theoriesfor mary decades.

The backgroundassumptionshatcharacterizéJllman et al’s studyaredividedinto two com-
ponents:first, the theoryof whatis in the Lexicon; and, secondthe theoryof what it meansfor
compl wordsto becreatedby rule’. Thetheoryof theLexiconadoptedattheoutsetis essentially
that of Jaclendof (1997). The authorsassumehat chunksof linguistic structureof varioussizes
arememorizedn the Lexicon to the extentthat thereis idiosyncraticinformationassociatedvith
thesechunks.The authors’own example- storingtheidiom kick the budket asa chunk- leadsone
to wonderwhetherthe pasttenseof kick the budket could possiblybe producedby the “regular”
pasttenserule. If kick thebudketis alexical unit, eitherit hasa memarizedsuppletve allomorph
kicked the budket for the pasttense or onewould expecttheregularrule to yield kick the budketed
Thesearethe only possibilitiesallowed on the assumptiorthat the pasttenseis eitherderived by
rule or memorizedithe formeroption completelymisseshe transparentelationshipbetweerkick
the budket andkicked the bucket, while thelatteris simply incorrect. The correctpasttensefor kick
thebudket canbe derivedvia theregularpasttense‘rule” underthe assumptiorihatkick the budket
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is stored“in the lexicon” if it is acknavledgedthat storedinformation can be information about
compl syntacticstructuregatherthansimply aboutunanalyzedvholes. But allowing storedin-

formationto beinformationaboutcomple structuresinderminedJliman etal’s simpledichotomy
betweenwhatis storedandwhatis derived via rule. Oncethe storedis allowed to have internal
syntacticcompleity, syntactic‘rules” arerelevantto predictionsbothaboutcompletelyregularand
aboutpartiallyirregularconstructionsThinking throughassumptiongabouttheinteractionbetween
storedinformationandgrammaticaprocesseis crucialfor understandinghe subjects’behaior in

the experimentsof Ullman et al., but the authorspresentittle in theway of clarificationhere.

Theassumptionsoncerninghegrammaticaprocessesesponsibldéor forming inflectedwords
areevenlessclear; it is evident only thatthey are‘rule based’for Regular verbs. The appealto
rulesis reminiscenpf thetheoryof Anderson(1992),but no assumptiongboutthe detailsof this
computationare provided. Anderson,however, explicitly adwcatesrule-basedmechanismsor
both Regularandlrregularforms. A crucialissuefor ary theoryof this sortis how tensefeatures
— which are propertiesof anindependentlementor positionin the syntax— get associatedvith
verbsprior to being*“spelled-out’via morphologicalrule. Andersons theorymakesit difficult to
accountfor blocking effects,suchaswentblocking goed while atthe sametime allowing for stem
modifications,asin shelv-edrom shelf or suppletioncoocurringwith regularinflection, asin tul-
1 (PerfectTenselatin verb, with Presenform fer-o ‘bear, carry’) - seeHalle andMarantz(1993).
ThenotionthatNonfluentaphasicsvith syntacticcombinatoriaeficitsshouldhave troublewith the
regular pasttenseflies in the faceof Andersons A-Morphousapproachjn which neitherRegular
nor Irregular affixes are piecesthat are combinedin ary syntax-like way. So clearly Ullman et
al. arenot adoptingAndersons theory But whattheoryis it, then,in which inflectionalfeatures
arefeaturesof stemsratherthanof independenimorphemesyetin which affixesare ‘pieces’ that
combinein somesyntax-like manner?

As Ullman et al’s commentson linguistic theory are directedat the analysisof inflection in
Distributed Morphology (DM; Halle and Marantz (1993)), we now turn to the elementsof this
analysis.In the DM treatmenbf Englishinflection, every type of pasttensehasthe sameabstract
structure:Verb-[past]with a Verbandanaffix positioncontainingthe feature[past]for pasttense.
In all casesthis Verb-[past]structureis presentas the result of a computationin the syntactic
componenbf thegrammar In the caseof RegularVerbs the[past]featureis supplied,or spelled-
out, with the phonologicalsignal -ed the default instantiationof [past]. The processby which
abstracfeaturedik e [past]areprovidedwith phonologicaimaterialis calledVocahulary Insertion
In the caseof Irregularverbs,the choiceof affix, either-@ or -t, is determinedy theidentity of the
verh Thatis, theaffixes-@ and-t, for e.g. hit ~ hit-@ andbend~ ben-t areeachspecifiedor alist
of theverbsonwhich they will appearTheinsertionof the particularaffixes-ed,-t, -@ follows the
Paninian principle,suchthataffixeswith morespecificconditionsoninsertiontake precedencever
less-specifiedffixes. Thusif the-@ or -t affixes,which requirespecificlists for insertion,appear
thedefault pasttense-edwill beblocked.

Fromonepointof view, themorphologists job is over whenthelist of stemso whichrestricted
affixes apply have beenidentified. If thesestemsdo not belongto a conjugationalclass,i.e., if
thislist is notrelevantfor the choiceof otheraffixes,thenthelist is morphologicallyuninteresting.
However, to saythatthelist is arbitraryis notto saythatit doesnothave a structurethatis important
for both languageacquisitionand languageuse? Apparently theselists are organizedat least

! The statusof Tenseasa syntacticcomponenseparatérom the Verbin Englishstemsfrom Chomsly (1957).
2For discussiorof theformerissue andclarificationof anumberof questionsoncerningheacquisitionof suchlists,



accordingto similarity in phonologicalstructure accountingor the ability of peopleto generalize
theirregularendinggo novel stemghatbearphonologicatesemblancet® clustersof existing stems
onthelist. Moreover, activatinga stemin the mentaldictionaryshouldactivateall thelists thatthis
stemis on, to a degreerelatedto the frequeng of combinationof the stemandthe relevant affix.
Thusgeneralizatiorof the Irregularsin “wug” testsituationsandfrequeny effectsfor Irregulars
shouldbe accountedor in muchtheway thatUlIman andPinker suggesg.

The selectionof the correctallomorphof the pasttensefeature,-ed -t, or -&, the essentiabtep
in the procesdescribedabore, is not all thatis involvedin derving the behaior of this inflection
in English. In addition,a numberof phonologicakules,calledReadjustmenRules applyto effect
phonologicalchangesn verb stemswhenthey appeamwith [past] suffixes. Thus,for instancethe
rime of singis corvertedby a phonologicalblautprocessvhich operatesn the contet of thezero
pasttenseto producesang(cf. HalleandMohananl1985for discussiorof this andrelatedphonlog-
ical rules). Becausdists mustbe appealedo, the computatiorresultingin the inflectedforms of
theseverbsrequiresinformationthatis simply not requiredfor Regularverbs. Crucially, howvever,
informationconcerningthe factthat-@ appearswith e.g. sing andthata particularphonological
rule appliesto singwhenit appearsith [past], canbe storedwithout the entireform of sanghav-
ing to be representeds unanalyzable.Specifically one simply hasto specifythatthereis a -@-
realizationof [past]thatappearsvith a specificlist of verbs,andthatsingis onthislist. A similar
representatiois found for past-tenset, asin buy ~ bough-t againwith ReadjustmenRulesap-
plying to the stem. This is a dual systenview, in the sensehatthe correctderivation of Irregular
forms requirestwo distinct components:both computation(generationof V-[past]) and memory
(consultatiorof alist).

Thislisting determineshebehaior of Irregularverbswith respecto additionalpsycholinguis-
tic testsalludedto above, andrequiresfurtherelaboration.In particular we hold thatthe existence
of frequeng effectswith Irregularforms (seeUllman (1999)for a recentdetailedstudy)doesnot
requirerote memorizationof theseforms as unanalyzedwvholes. A standardobsenration is that
Regularandlrregularverbsshaov processinglifferenceswith respecto stem-frequencasopposed
to pasttensefrequeng. Stemfrequeng, ratherthanpasttensefrequeny, affectsthe processingf
Regularpasttenseforms. But pasttensefrequeny doesaffectthe processingf Irregularpasttense
forms. Ullman, Pinker and othersusethesefactsto argue that the Regularsare not memorized,
while the Irregularsare. However, all thatis requiredto explain thesefactsis the notionthat peo-
ple tally occurrence®f construction®only whenthe constructionsnvolve memorizedconnections
betweenthe elements. Thusexposureto walk-edonly upsthe tally for walk and -ed separately
becauseherelationshipbetweenwalk and-edinvolvesnolisting. Exposureo gave-@ ontheother
hand,upsthetally for give for -&, andgave+d sincethezeropasttenseendinghasgiveonits list,
andthe combinationof giveandpasttenses aninstantiationof therelationencodedy having give
onthelist. Thisaccounwould predictfrequeng effectsfor expressiondik e kick thebudketthatare
cruciallytiedto theappearancef theseelementsn this expression- without requiringthatkick the
budket be treatedasanunanalyzablavhole. Clearly whenUllman et al. explorethe consequences

seeYang(2000).

3Although there are additional compleities that arise when thesefacts are studiedin detail; see, for instance,
SchreudeandBaayen(1997)andBaayenretal. (1997).

‘Baayenet al. (to appear)suggesthat additionalfactors,including morphemecontent,may lead spealrs to tally
constructionsnvolving completelyregular affixes, i.e., affixeswithout lists. This leadsto “surfacefrequeng effects”
evenfor completelyregularconstructions.



of adoptingthe Jaclkendwian notion that phrasesare storedin the Lexicon, they too will cometo
the conclusionthat frequeng effectswith Irregular pasttenseforms mustinvolve the frequeng
of a comple constructionin which thereis somethingmemorizedaboutthe relation betweenthe
elementsratherthanthefrequeny of asingle,simpleform.

Returningto thelevel of linguistic theory the DM theoryoutlinedabore is clearly at oddswith
the positionthat irregularsof ary type are simply storedas wholes, an oversimplificationfound
in mary recentdiscussion®f the topic (cf. Pinker 1999, who directshis criticism at Chomsly
andHalle (1968)). Storingthe pasttenseforms of suchverbsasunanalyzablevholesis simply an
unworkableoption from the perspectie of morphologicaltheory It treatsthe alternationbetween
e.g.bendandben-tasindistinguishabldrom outrightsuppletiorof thetypefoundwith go ~ wen-t
or be~ was If sangis simply memorizedasthe pasttenseof sing thefactthatit is relatedto sing
by a simple phonologicalrule changingthe vowel is completelyaccidentalthatis, the pasttense
of singcouldvery well be porcupine asthe presentandpasttenseformswould bedistinctentities.
Outrightstemsuppletiorof thego ~ wen-ttimeis vanishinglyrarecross-linguisticallyandatheory
thatequatesion-deéult affixation with suppletionis thereforeuntenablé.

TheaphasialatathatUllman etal. presenspealclearlyto thedifferencesn linguisticandpsy-
cholinguistictheorieghatwe have presentedThespecificimplicationsthatUllmanetal. drav con-
cerningmorphologicaltheoryare basedon their demonstratiorthat Non-FluentAphasics(NFAS)
treatRegular andlrregular past-tensedifferently They concludethatthis finding is incompatible
with the DM analysisoutlinedabove. Thereasonings asfollows:

Sometheoriesof morphologypositthatirregularsaswell asregularsundego af-
fixation, eitherwith phonologicallyovert morphemesfor irregularsaswell asregulars
(e.g. keep— kep-t or with “zero-morphemesfor mary irregulars(e.g. hit — hit-@&;
dig — dug-9 (Halle & Marantz1993). On this view, if affixation wereimpairedin
agrammatimon-fluentaphasiait shouldaffectirregularsaswell asregulars.In partic-
ular, it shouldresultin the omissionnot only of the regular affix, but alsoof irregular
affixes.(msp. 42)

Without specificassumptionaboutthenatureof thelinguistic deficitthatcharacterizetheNFA
population,Ullman etal’s findingsdo not necessarilspeakto ary particularmorphologicakheory
directly. Thereasorfor thisis thatbothgroupsof aphasicsn their studyshaw differentbehaior for
two typesof verbsthatwill bedistinguishedrom eachotheronary linguisticanalysis.Theassump-
tionsthatunderlietheinterpretatiorof the datain thequoteabove arethat(1) the Regularpasttense
requirescomputationwhile thelrregulardoesnot; and(2) theanatomicalocusof computatioris in
anteriorcorticalregions,while lexical memoryis locatedin temporal(or temporal/parietaljegions.
Theiragumentis thusthatNFAs, with anteriorlegions,cannotcomputeRegular pasttenseforms,
but canrecalllrregularsfrom memory;andthatthisinterpretatioris incompatiblewith atheorythat
holdsthatall pasttenseformsarederived via computation.

51t might be objectedthat suppletionis simply very costly from an acquisitionperspectie, andthereforedisfavored
in naturallanguage. This position, however, is difficult to interpretin the absenceof a theory of how this costis to
be calculated. Pinker emphasizeshe phonologicalrelation betweenthe stemsthat have irregular pasttenseforms,
not the phonologicalrelation betweenthe stemsand their pasttenses. We believe he assumesomesort of analogy
e.g. sing:sangring:rang However, suchanalogicalextensioncould work aswell for suppletion. So, for instnace,
be:was:pee:wha@hwaz/).



With referencenow to the specificclaimsaboutmorphologicakheory the behaior of aphasics
in thestudydoesnot contradictpredictionamadeby the DM model,whichin factprovidesanother
way of viewing the behaior of NFAs, aswe shav belov. Thetheorystatesclearlythatthe Regular
andlrregular pasttensesaredistinctfrom oneanother;andthisis implementedn thefactthatlists
mustbe referredto for the Irregular verbs,but not the Regulars. The predictionsof the theoryare
thusnotincompatiblewith theresultsof theaphasiastudy Oneclearpredictionthatthismodeldoes
in factmale is thatphonologicaReadjustmenshouldnot occurin the absencef anovert affix for
verbswith -t; the phonologicalReadjustmenaccompaniethe past-tensaffix, andwill notapply
if the affix is not presenf. This is borneout; while NFAs produceumarked stemforms for both
Regularandlrregular verbs,Uliman et al. note(p.42)thatno subjectsproducee.g. kep-for kep-t
Notethatnothingin the Ullman et al. explanationof NFA would predictthatthesesubjectsshould
have ary difficulty at all with the Irregular pasttenseforms. The DM analysis,on the otherhand,
predictssomelevel of omissionof the pasttenseendingfor the Irregularsaswell asthe Regulars,
assumingwith Uliman et al., that NFA involvesa problemwith syntacticcombinationof pieces.
Onthe DM story, if the NFA leave out the pasttensemorphemaewith irregular verbs,they should
producethe barestemwith theseverbs,aswith regularverbs. The large numberof sucherrorsby
theNFA with Irregularsfollows naturallyunderthe DM story, but notunderUlimanetal.sanalysis,
wherecreatingan Irregular pasttenseform requiresno syntacticprocessingt all.

Turning now to a new perspectie on the dataUllman et al. report, the differencebetween
Regularandlrregular affixation foundin NFAs seemdo be attributableto a problemin producing
thedefault[past]form -ed Performancen verbsfor which informationis listedis better although
still degraded’. But in casesnvolving a listed suffix, whether-@ or -t, performances betterthan
with the default -ed which requiresno list. Patternsin the datasupporithis interpretation.In both
theProductiorandReadingasks NFAs produceancorrectformsin whichthewrongaffix is usedn
additionto producingunmarked stems:-ing in the Productiontask,andboth-ing and Third Person
-sin Reading.Therearetwo obserationsto be madehere.First, thefactthatNFAs areproducing
compl forms indicatesthat they are using structurallycomplex objects,V-[past]. Secondthe
typesof errorsmadesupporttheideathatthesepatientshave a generabroblemwith affixesthatdo
notinvolve lists. The analysisof Englishinflectioninvolvesexactly four affixesthatdo notinvolve
lists: -ing, for the PresentParticiple; -ed for PastTenseand PastParticiple; -s, for Third-Person
SingularPresentand-d, for the Presenbf otherpersonsandthe errorsmadeby NFAs in Regular
verbsareof preciselythesefour types® Corversely the highly marked-en participial sufix, which
requiresarestrictedist, doesnot appeaamongthe affixesusedincorrectlyfor Regularverbs?

Abovewe have criticizedUIIman etal. sdiscussiorbecausef thelinguisticassumptionsinder
lying theirinvestigationof the behaior of aphasicsBut Ullman etal. arenot responsibldor mary
of theseassumptionswhich stemfrom the debatebetweenconnectionistand non-connectionist

5SeeYang (2000)for specificproposalsconcerningthe connectionbetweerlisted verbsandthe phonologicalpro-
cesseshatthey aresubjectto.

"ThefactthatNon-FluentAphasicsarealsoimpairedin the productionof irregularpast-tenséormsascomparedvith
normalsis evidentin eachof the experimentsput is notcommentean.

8 Although, of course,umarled forms are indeterminate and could representither -@ affixation or a simplified
structurewithout [past]. We are also excluding word distortion, or word substitutionerrors. The problemthat NFAs
have with affixeswithout lists leadsto the possibility of a PresenfTenseexperimentfor thesepatientsihe expectationis
that, sinceboth -s and-@ for Presenthave no lists, thereshouldbe increasecerrorratesin termsof over-applicationof
the-s affix.

91t doesappeamwith somelrregularsfor onepatientin the Productiortask.



modelsof linguistic competenceresentedn the openingparagraphandin particularfrom the
oversimplifiedview of linguistic theorythat characterizesnuch of Pinker’s discussiorof the En-
glish pasttense. Relatedto this is the more generalpoint that, despiteits prominencen a num-
ber of recentpublications,the English pasttenseis in and of itself quite simplefrom a linguistic
perspectie,'® andits implicationsfor thestudyof languagexndthebrainarethereforequitelimited.
Ullman et al!s studyis importantbecauset takeslinguistic categorizationsseriouslyand applies
themrigorouslyin the domainof cognitive neuroscienceinvestigationsof this type will only be-
comemoresignificantasthe additionalcompleities of the type thatwe have presentedaretaken
into account.
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