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Core Principles

Orthograply, phonologyandsemanticsareinterconnected.

Semanti@andphonologicakepresentationaredistributedfeaturesvhich are
computedasopposedo accessingtoredrepresentations).

Activationis spreadbetweerrepresentations a smoothandgradualmanner

Informationis summed from differentsourcegasopposedo gating,or arace
model).

Thesamecomputationaprinciplesapplyto all mechanismsf themodel(as
opposedo rule applicationversudexical lookup).

Hence differencesn the strengthof differentpathwaysis a functionof experience

anditem characteristicsjot a priori architecturablecisions.



Central Reseach Questions

Whatis thedivision of labor(DOL) betweerdirect(orth—sem)and

phonologicallymediated orth—phonology-sem)actiation of
meaning?

Whatis theinfluenceof word frequeng, regularity, homophogw,
andnetwork skill level onthisDOL?

How canwe accounfor studiessuggestingphonologicalmediation
dominategshe DOL?

Whathappensvhenfeedbaclkon phonologyis dramatically
reduced?



Simulation Overview

¢ Implementationof Framavork from
Seidenbar andMcClelland(1989).

e 6,300Monosyllabicwords.

e Continuous-timé.earning.

e DistributedSemanticsphonology
Orthography

e Phon-Senpretrainedprior to read-
Ing.
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e Initially, DOL is driven
by phonological media-
tion:  orth—phonology Is
much more regular than
orth—semantics.

e orth—phonologys limited; it
IS slower, and homophones
areambiguous.

e Over time, direct orth—sem
grows in importancedue to
speedoressureerrorfrom ho-
mophones.
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e High frequeny items rec-
ognizedbetterby orth—sem
thanorth—phonology—sem.

e Low frequeny items shaw
muchmoreequalDOL.
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e EXxceptions are recognized
better by orth—sem than
orth—phonology—sem.

e Regular items shav more
equalDOL.
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Imageability and Regularity

Imageability and Regularity

B Regularity
[ ] Imageability

Early Late
Point in Training

e Measuredsize of imageabilityeffect
andregularity effect, for early point
In training (50K presentationsand
late (1500K presentations).

— Regressed out effect of fre-
queng.

— Computedzscoresof model la-
tenciesonresiduals.

— Plotted differencein zscorefor
high and low imageableitems,
andregularandexceptionitems.

e Over time, relative effect of image-
ability increases. Relatve effect of

regularity decreases.



Percent Correct

Effect of Homophony

e Homophone pairs were di-
vided into high frequeng
member(e.g., use) and low
frequeny member (e.g.,
ewes).

Homophony (To Semantics)
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Low Freq High_Freq e Hence,low frequeny mem-

Member Member .
bersof homophonair must
bereadby orth—sem.



Summary: Influenceson DOL

HF itemsrely on orth—semmorethanlow.

Exceptiongely on orth—semmorethanregulars.
Homophonesely on orth—semmorethannormalwords.
Relianceon orth—semincreasesvith skill level.

But both paths contribute to varying degrees for all items!



A Counter View: Phonologyis First!

e Briefly presentedtimuli have shavn strongphonologicakffects.

— Homophoneandpseudohomophorenfusionsn semantic
catgorization(VanOrden,1987,7?).

— Homophondolils prime namingof semanticallyrelateditems
(e.g.,TOWED primesFROG; Lesch& Pollatsek,1993;
Lukatela& Turvey, 1994).

e Becausdheseeffectsariseearlyin processingwith little
orthographiceffect, it hasbeenamguedthatphonologicabhcces®f
meaningpreceeds directorth—semantics.
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Van Orden (1987) found false posi-
tiveson semantictask (“is it an ani-
mal?” DOUGH).

At long presentation,more errors
on visually similar distractors
(BEACH/BEECH) than dissimilar
(NOSE/KNONS).

At shortpresentationno effect of vi-
sualsimilarity.

Therefore,it was aguedphonologi-
calactvationof meaningoreceedsli-

rectvisualdisambiguation.



Mean Semantic Activation
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Yes.

Presentedthe model with
itemsfrom VanOrden(1987)
(minuspolysyllabicitems),at
shortandlong presentation.

Measuredsemantiactvation
for homophonoustem (e.qg.,
MEET -> “foodstuf”).

Foundsamepatternof results.



Why?

¢ Phonologys moreresilientto orthographiaisruptionthan
semantics.

— Orth—phonmoreresonantintercorrelated.
— Phonologymoreinternallyredundantgdense.

— Semanticyery sparselessintercorrelations.
e Hence phonologyis betterableto performpatterncompletion..

e ... andbetterableto retainactvation.



Bomb / Balm Under Masked Conditions

e Network presented withn BOMB
under normal and maskd condi-

Masking -> Spurious Semantic Activation tions. Semanticfeaturefor BOMB
100 (“weapon”) and homophonouspair
0.0 Weapon - No Mask BALM (“substance”measured.

Substance - No Mask
- -* - Weapon - Masked

-+~ Substance - Masked e Undemormalconditionsnospurious
actvationof “substance”.
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¢ \When maslked, “substance’receves
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Semantic Features (for BOMB)

. spuriousactvation.
OOO.WEQI”O“%;%
020 e Maskingtheinputyieldshomophone
Time interferencenot presentin normal

processing.
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Sem—phonologgonnectionsevered
to examineeachrepresentatiom iso-
lation.

All 6,000trainingitemspresentedo
the model, in normal and maslked
conditions.

Sum squarederror measuredover
time for phonologyandsemantics.

Average error in semantics rises
sharplywhenstimuli masled.

Phonologymuchmoreresilientto ef-

fectof maskingtheinput.
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EvidenceThat It' sNot All Phonology

B .r Exemplar
] HF Exemplar

HF Foll

LF Foil

e JaredandSeidenbag (1991)demon-
strated phonological effects on se-

mantic cateyorization, similar to
VanOrden(1987).

e However, sucheffectsweregenerally
restrictedo itemswhereboththe ho-
mophoneand exemplarwere low in
frequeng.

e Far fewer false positves when ei-

therexemplaror foil washighin fre-

queng.



Can The Model ReplicateJared and Seidenbepg (1991)?

e Broadly yes.

0.05
i B .r Exemplar

H [l HF Exemplar e We used items from Jared
o4 and Seidenbeay (1991) (mi-

| nus polysyllabic items) and
measuredspurious semantic
actvation for featuresappro-
priateto theexemplars.
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e Low frequeny foils of low
frequeny exemplarsshaved
greatesfalsepositve rate.
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Why?

Theeffectof foil frequeng is straightforvard: HF foils arequickly
recognizedy orth—semantics.

But, the subjectnever seethe exemplars!Sowhy shouldtheir
frequeny matter?

Answer:if theexemplaris HF, it stronglyactvates
orth—phon—sem.Soduringlearning,thefoil’ s orth—semmust
becomevery strongto countent! A strongorth—semwill kill the
falsepositves.

However, if theexemplaris LF, thenorth—phon—semis weak.
Partial actvationfor thefolil of orth—semis enoughto countent.
But partialactvationis morelikely to yield falsepositves.



Summary: It' sNot All Phonology!

e Evidencefrom brief exposurepatternmaskingstudieds
guestionable:

— Critically assumeghatmaskhaltsprocessingf bothpathways
equally

— Simulationsdemonstratéhatthis assumptionomaynot be
warranted.

— If maskaffectssemanticsnorethanphonologythenmasking
will give anillusion of phonologicadominance.

e Simulationaccountdor masledpresentatiorffectsin VanOrden
(1987).



What If Feedbackon Phonologyis Withheld During
Training?

¢ |t hasbeenarguedby educationapolicy theoreticiange.g.,Smith,
1971)thatphonologicafeedbackcanbedebilitatingfor
development.
— Homophone®ecomeambiguous.
— Two stageconversionto meaning.
— Therearemary wordswith irregularorth—phon!

e Constructeanodelto investicateinfluenceof “whole language”
readinginstructionon DOL.



Modeling ReducedFeedbackon Pronunciation
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e Samearchitectureandregime

as normal model, except
phonological error only
producedn 1% of thetrials.

Model doesnot exhibit huge
Initial relianceon phonology

Much slower acquisition of
items.



Impair ed Nonword and Exception Readingin Whole
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Impaired exceptionand non-
word reading.

e Orth—sem is much more
difficult to master than
orth—phon;takesmary more
iterationsto reachcompetent
reading.



Greater Imageability Effect in Whole LanguageModel

Imageability Effect

=
o
o

e Like the normal model, Im-
ageability effect increasesn
wholelanguagemodel.
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Whole LanguageSimulation: Summary

¢ |In normalmodel,pronunciations animportantearly sourceof
Informationthatdriveslearning.

¢ Whenthisinformationis withheld,the modelacquirestemsmore
slowvly andgeneralizesnorepoorly:

e Suchatrainingregimeleadsto anincreasedelianceon semantic
reading.



Conclusions

e TheDivisionof Laboris complicatedwith mary factors
Influencingtherelatve contrilution of thetwo differentpaths.

e Earlyclaimsthatphonologyis thesoleinitial, obligatory sourceof
semantic@actiationin word readingaretoo strong.

e Counterclaimsthatphonologyhasno usefulrole in reading
Instructionsarealsotoo strong.
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