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Connectionistmodelsof wordrecognitionhaveprovidedinsightsaboutbasicaspects
of skilled word readinganddyslexia (Sejnowski & Rosenberg, 1987;Seidenberg & Mc-
Clelland,1989;Plaut,McClelland,Seidenberg, & Patterson,1996;Harm & Seidenberg,
1996).Wordrecognitionitself isawell-studiedempiricaldomainwhichhasprovidedarich
setof phenomenain which connectionistideasof learningandknowledgerepresentation
continueto beexplored.

Previous connectionistmodelsof word recognitionhave emphasizedthe computa-
tion of the soundpatternof a word from its spelling. This emphasishasbeenfruitful in
accountingfor empirical phenomenabecausesucha computationis tightly linked with
readingacquisition,andwith bothdevelopmentalandacquireddyslexia.

However, the ultimatepurposeof word recognitionis to determinethe meaningof
printedwords,not theirsound.Importantquestionsabouttheprocessingof print cannotbe
addressedwithin a framework thatonly computesa word’s phonologicalform. Theexact
role of phonologicalinformationin the computationof a word’s semantics,for example,
is highly controversialin theempiricalliterature.Many researchers(VanOrden,Johnston
& Hale,1988;LukatelaandTurvey, 1994;LeschandPollatsek,1993)concludethat the
primarymethodof readingis phonological,with directaccessonly beingusedto disam-
biguatehomophones(wordswhosesoundpatternis identical,suchasROSEandROWS).
Still otherresearchers(Jared& Seidenberg, 1991)arguethatmany factorsgoverntheuse
of thedifferentpaths,andarguethatthedirectrouteis usedfor skilled readingof themost
frequentwords.
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Suchquestionsaboutthe phonologicalmediationof word reading,andthe factors
governingsuchmediationcannotbeaddressedwithin a moretraditionalword recognition
model,whereall wordsarereadphonologically. Thepurposeof thecurrentwork wasto
exploreissuessurroundingword recognitionwithin a largerframework incorporatingboth
thesemanticandphonologicalformsof a word. In this framework, theorthographicform
of a wordcanbetranslatedinto its semanticseithervia phonologicalencoding,or directly
from print (seeFigure1).

A connectionistmodel was implementedto provide insightsinto the factorsgov-
erning the recognitionof words. The centralresearchquestionto be addressedby this
modelis thatof thedivision of labor (Seidenberg, 1995)betweenthephonologicallyme-
diatedanddirectroutes.Onthisview, thetwo pathwaysarecombined,andcomputational,
domain-independentprinciplesinfluencethe relative contributionsof the two pathways.
This standsin contrastto the tenantsof moresymbolic, information-processingmodels,
in whichdomain-specific,non-computationalprinciplesgovernthediscrete,all-or-nothing
useof onemechanismor another(e.g.Coltheart,Curtis,Atkins, andHaller, 1993).

Themodeldepictedin Figure1 wasimplementedasaconnectionistnetwork trained
using a continuoustime versionof backpropagation(Pearlmutter, 1989). A set of 291
monosyllabicwords were selectedfrom an online dictionary. Distributed phonological
representationscapableof formingbasinsof attractionwereutilized,followingonthework
of HarmandSeidenberg (1996).Semanticfeatureswereconstructedfor thewordsbasedon
theWordnetsemanticdictionary(Miller, 1990).Orthographicrepresentationsweresimple
slot-basedrepresentationsof lettersequences.

Themodelwasbuilt in two steps.Thefirst stepinvolvedconstructingthepathway
fromphonologytosemantics(thetopsectionof Figure1). Thisisbecausechildrenlearning
to readalreadyhavealargeauditoryvocabulary; theexistenceof theability to computethe
meaningfrom thephonologicalform of a word beforetheonsetof literacy is presumedto
beanimportantfactorin theearlydivisionof labor. This initial trainingcreatedamapping
from thesoundpatternsof wordsto theirsemantics,andalsocreatedattractorbasinswithin
thephonologicalandsemanticspaces.

Oncethis “hearing” modelwastrainedto a reasonabledegree,it wasdroppedinto
the larger full “reading” model. This modelwasthentrainedto maporthographicword
formsontoboththephonologicalandsemanticrepresentations.Thestateof themodelwas
savedatcheckpointsthroughoutthecourseof training,toallow thetrackingof development
trends.

The relative contributionsof the phonologicalanddirect routesto semanticswere
analyzedto determinethedivision of laborbetweenthe two pathways. A statisticallyre-
liable effect of frequency was found, wherehigh frequency words were more likely to
utilize thedirectroute.An effectof regularitywasalsofound,wherewordswith a regular
spellingto soundcorrespondenceweremorelikely to usethe phonologicalroute. These
effectsbroadlymatchthoseof empiricalstudiesshowing phonologicaleffectschiefly be-
ing limited to low frequency words(Seidenberg et al., 1984;Jared& Seidenberg, 1991),
andconverselysemanticeffectsbeinglimited to wordswith anirregularspellingto sound
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Figure 1. Implementedreadingmodel.

correspondence(Strain,Patterson& Seidenberg, 1995).
Whenthedivision of laboranalysiswasconductedon themodelover thecourseof

training, interestingresultswereobtained.Initially, the modelrelied muchmoreheavily
on thephonologicalroute.Indeed,thespellingto soundpatternswerelearnedmuchmore
rapidly thanthespellingto meaningpatterns.Sincethemappingsfrom soundto meaning
wasalreadyin placeat the onsetof reading,this causedthe phonologicalrouteto be the
initial way the model learnedto read. However, as the modelbecamemore proficient,
the demandson the model to producethe correctsemanticpatternas soonas possible
causedan increasedrelianceon the direct route. The model thereforecapturesnot only
theinitial importanceof thephonologicalroutein reading,but alsoits reducedimportance
in adultskilled reading,particularlyfor high frequency words. Finally, themodel’s speed
of computingthesemanticcodefor a word is foundto bedependentlargely on theextent
to which the direct routeis utilized, providing further explanationsof why phonological
effectsin readingtendto bemorepronouncedin poorreaders.

Themodelprovidesanexplanationof many factorsthathavebeenrelevantin empir-
ical work on skilled reading.Theseeffectsareexplainablein termsof factorsthe model
is sensitive to: thespellingto soundcorrespondencesof words,thefrequency distribution
of words,andtheexistingknowledgeaboutthesoundto meaningpatternsfor words.Like
earliermodelsof word recognition,this modelprovidesnot only a replicationof empir-
ical findings,but importantinsightsasto why suchfindingsarise. Further, the inclusion
of semantics,andmultiple accessroutesto semanticsin a developmentalmodelfor word
recognitionrepresentsa major advanceover earlier models,and increasesthe rangeof
behavioral phenomenathatcanbeexplored.


