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Abstract

Mappingbetweenorthography andphonologyin theabsenceof semanticsis

investigatedin asurfacedyslexic patient,MP, andin aconnectionistmodel.

Bothweretestedonabout2500monosyllabicwordsfrom theSeidenberg and

McClellandcorpus.Weexamineddetailedeffectsof word frequency and

spelling-soundconsistency onnamingaccuracy andlatency. Wealsoperformed

anerroranalysis.While thegeneralagreementin performanceis encouraging,

specificdiscrepanciessuggestpossibleimprovementsof themodel.
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Summary

� Theeffectsof word frequency andspelling-soundconsistency
onwordandnonword readingaccuracy areinvestigatedin a
brain-damagedpatient,MP, andin anincompletelytrained
connectionistnetwork.

� BothMP andthenetwork exhibit thecharacteristicpatternof
surfacedyslexia in anumberof word lists:

– a frequency-by-consistency interaction,in which thereading
of low-frequency exceptionwordsis disproportionately
impaired

– apredominanceof “regularization”errorsonexceptionwords
(e.g.DEAF � “deef”)

– apreservedability to readpronounceablenonwords(e.g.
HEAF).

– a reducedeffectof regularity in wordswith ambiguous
neighborhoods(e.g.–OW in NOW vs.LOW)

� MP fails to exhibit theexpectedinteractionona largecorpusof
predominantlyconsistentwordspresentedmorerecently,
suggestingthateither(a) thehighly consistentcontext invokesa
“piecemeal”readingstrategy, or (b) MP’ssublexical processing
hasdeteriorated.

� Theresultssuggestthatthenormalsublexical systemmasters
somebut notall exceptionwords,andthatsurfacedyslexia
ariseswhenthissystemis isolatedfrom semantics.



Background

A considerableamountof knowledgeabouttheorganizationand
operationof thenormalword readingsystemhascomefrom
detailedstudiesof brain-damagedpatientswith selective reading
deficits.Particularpatternsof performanceof suchacquired
dyslexic patientssuggeststhatthereadingsystemhas(at least)two
proceduresfor pronouncingletterstrings:(1) asublexical procedure
thatderivespronunciationsbasedoncommonspelling-sound
correspondences,and(2) a lexical/semanticprocedurethat
generatesthepronunciationof awordvia its meaning.Specifically,
phonological/deepdyslexic patientsarethoughtto haveaselective
impairmentto thesublexical procedure,asevidencedby their
inability to readpronounceablenonwords(e.g.HEAF). Conversely,
surfacedyslexic patientsarethoughtto haveaselective impairment
to thelexical procedure,asthey oftenmispronouncewordsthat
violatesublexical spelling-soundcorrespondences,particularly
thoseof low frequency, mostcommonlyproducinga
“regularization”error(e.g.DEAF � “deef”).

Connectionistmodelinghasprovidedausefulformalismwithin
which to exploredetailedpatternsof behavior in bothnormaland
impairedword reading(e.g.Seidenberg & McClelland,1989).
PlautandShallice(1993)havereplicatedthediversesetof
symptomsexhibitedby deepdyslexic patientsby lesioningattractor
networksthatmaporthography to phonologyvia semantics.
However, attemptsto reproducesurfacedyslexia by lesioningthe
Seidenberg andMcClellandmodelof thesublexical procedurehave
beenlesssuccessful(Patterson,Seidenberg, & McClelland,1989).



Oneproblemwith theSeidenberg andMcClellandmodelis thatit
fails to pronouncenonwordsaswell asskilled readers(Besner,
Twilley, McCann,& Seergobin,1990).More recently, Plautand
McClelland(1993)havere-implementedthesublexical procedure
asanattractornetwork usingimprovedorthographicand
phonologicalrepresentations.Thenetwork pronounceswords(both
regularandexception)andnonwordsaswell asskilled readers.In
thecurrentwork, weusethisnetwork to explorewhethersurface
dyslexia arisesfrom a damagedsublexical procedure,or rather,
from anintactbut isolatedsublexical procedurethatnormally
worksin concertwith thesemanticprocedureandsoneednot
masterlow-frequency exceptionwords.



SurfaceDyslexia

� Impairedreadingof wordswith exceptionalspelling-sound
correspondences,particularlythoseof low frequency, usually
yielding“regularizations”(e.g.DEAF � “deef”).

� Normalability to readpronounceablenonwords(e.g.HEAF).
� Severeimpairmentin namingobjectsaswell aswords.

Orthography Phonology

Context

Meaning

DEAF "deef"

Seidenberg and McClelland (1989)



Patient MP

MP is a75yearold, right-handed,Englishspeakingfemalewho
sustainedaclosedheadinjury in 1982,causingextensivedamageto
theleft-temporalregionof thebrain. MP hasa severedeficit in
comprehendingbothobjectsandwords.For example,on the
PyramidsandPalmTreestest,in whicha targetpicturemustbe
matchedwith oneof two pictures(e.g.eskimo:igloo or house),MP
scored67%correctwhile normal,age-matchedsubjectsscore99%
correct.Similarly, in matchingawrittenword to oneof 5 pictures
(thetarget,asemanticallycloseandsemanticallydistantdistractor,
avisualdistractorandanunrelatedpicture),MP identified12/40
itemscorrectlywhereasnormalperformanceis 38.8/40.Of the28
errors,MP pickedasemanticdistractoron15 trials.

Asidefrom themarkeddeficit in semanticprocessing,MP hasa
profoundsurfacealexia andsurfaceagraphia.Her readingand
writing performancehasbeentestedextensively in thepastandis
thefocusof severalpublications(Behrmann& Bub,1992;Bub,
Cancelliere,& Kertesz,1985).

In thecurrentinvestigation,severallistsof wordsweredevelopedto
assessMP’s oral reading(seebelow). Thewordsappeared
individually in thecenterof acomputerscreen(MacClassic)for an
unlimitedexposuredurationandMP wasinstructedto readthem
aloud.MP’s responseswerephoneticallytranscribedandaccuracy
wasmeasured.



Plaut and McClelland (1993)Network

Orthographic Phonological
Units

108 57

Units

Hidden
100

Units

DEAF /def/

� Representations

Phonology
�

onset sb p d t g k f v z T D S Z l r w m n h y
vowel a @ e i o u A E I O U W Y �
coda r l m n N b g d psks ts s f v p k t z S Z T D

Orthography
onset Y SPT K Q C B D G F V JZ L M N R W H U

CH GH GN GU PHPSQU RH SHTH TSWH
vowel E I O U A Y AI AU AW AY EA EEEI EU EW EY

IE OA OEOI OOOU OW OY UE UI UY
coda H R L M N B D G C X F V JSZ PT K BB CH CK

DD DG FFGGGH GN GU KS LL NG NN PHPP
PSQU RRSHSL SSTCH TH TSTT ZZ E ESED�

/a/ in POT, /@/ in CAT, /e/ in BED, /i/ in HIT, /o/ in DOG,/u/ in GOOD,/A/
in MAKE, /E/ in KEEP, /I/ in BIKE, /O/ in HOPE,/U/ in BOOT, /W/ in NOW,
/Y/ in BOY, / � / in CUP, /N/ in RING, /S/ in SHE,/Z/ in BEIGE, /T/ in THIN,
/D/ in THIS.

� Training
Back-propagationthrough(continuous)timeonextendedSM89



corpus(2998wordsplus101grapheme-phoneme
correspondences)



Initial Comparison:
Damagevs. IncompleteTraining

� Lesioningprocedure

– Corruptweightsof asetof connectionswith normally
distributednoise(standarddeviationreflectsseverity).

– Resultsareaveragedover100differentsamplesof noiseata
givenseverity.

CorrectPerformance�
HFR LFR HFE LFE %RegularizationsNW 	

MP
 95 93 83 41 � 85 95.5
� � 
 (0.6) 80.0 79.0 55.3 51.3 49.4 73.7

Epoch600 100 95.8 79.2 50.0 88.2 97.7
� Wordsfrom TarabanandMcClelland(1987)

	 Nonwordsfrom Glushko (1979)


 FromBehrmannandBub(1992)

� Results

– Incompletetrainingproducesabettermatchto surface
dyslexia thandamagingnetwork (alsoseePatterson,
Seidenberg, & McClelland,1989).

– Consistentwith view thatsurfacedyslexia ariseswhenthe
normalsublexical route,whichmasterssomebut notall
exceptionwords,is isolatedfrom semantics(Patterson&
Hodges,1992).



Experiment 1: SurfaceList

This list (Patterson& Hodges,1992)contains252monosyllabic
monomorphemicwords,madeof 126pairsof regular(REG)and
exception(EXC) wordsmatchedfor length,frequency andinitial
phoneme.REGor EXC is definedon thebasisof (a) thevowel and
final segment(e.g.POPEvs.DONE)or (b) thevowel alone(e.g.
LEAF vs.HEAD). Strangewordslike YACHT or AISLE are
excluded.Five trialswereexcludedfrom theanalysisdueto
microphonefailure.



SurfaceList: Results
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Experiment 2: NeighborhoodList

This list containstripletsof items,eachconsistingof a regular
word,anexceptionword,anda nonword,sharingthesamebody.
Thetripletsaredrawn from two neighborhoods:(a)consensus: the
largemajorityof pronunciationsagree,with atmostoneexception
(e.g.–AVE: 13 reg, e.g.SAVE; 1 exc, HAVE); (b) ambiguous:
alternativepronunciationsareaboutequallycommon(e.g.–ERE:3
reg, e.g.HERE;4 exc, e.g.WHERE).All itemswererandomized
andpresentedasasinglelist. Accuracy is measuredasafunctionof
frequency andregularity.



NeighborhoodList: Results
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Experiment 3: Nonword Reading

A list of 67pronounceablemonosyllabicnonwordswascompiled
for oral reading.Accuracy wasmeasuredasfor theneighborhood
list. Performancewasalsocomparedonasubsetof Glushko’s
(1979)nonwords.

MP NETWORK
Nonword list 0.87(58/67) 1.00(67/67)
Glushko (1979) 0.95(42/44)� 0.98(43/44)

� FromBehrmannandBub(1992)

Regularizationsof ExceptionWord Err ors

MP NETWORK
SurfaceList 0.90(46/51) 0.93(38/41)
NeighborhoodList 0.91(20/22) 1.00(16/16)
SM89corpus 0.80(60/75) 0.85(45/53)



Experiment 4: SM89Corpus

The2897monosyllabicwordsof theSeidenberg andMcClelland
(1989,SM89)corpuswererandomizedanddividedinto blocksof
100words.Eachblockwasgivento MP for oral reading.A full
corpusof responses,however, is notavailableasMP readonly 24
blocksand,of those,anumberof trialswereexcludedbecauseof
microphonefailure,leaving a corpusof 2395responses.Thesedata
werecollectedovera four monthperiodapproximatelytwo years
afterthedatafor Experiments1–3werecollected.

Wordswith uniquebodies(e.g.SOAP) wereexcludedfrom the
analysis.Theremaining2184trialsweredividedinto three
frequency bands(Kučera& Francis,1967):high ( � 100per
million; n=325),medium( � � 100and � � 10;n=792)andlow
( � 10;n=1067).Thetrialswerealsoclassifiedaccordingto
neighborhoodconsistency (numberof friends,F, andenemies,E):
regular((F+1)/E� � 4; n=1837),ambiguous(0.5� (F+1)/E� 4;
n=224),or exception((F+1)/E� � 0.5;n=123).Accuracy is
measuredasa functionof frequency andneighborhoodconsistency.



SM89Corpus: Results
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Experiment 5:
SurfaceList Within SM89Corpus

To betterunderstandtheabsenceof theexpected
frequency-by-consistency interactionin MP’saccuracy in reading
theSM89corpus,weselectedout thoseitemsin thecorpusthatare
alsoon theSurfaceList (Experiment1). Datafor 35of theitemsin
theinitial analysiswereunavailable,leaving 212itemsfor
re-analysis.Theseitemswereanalyzedin thesamewayas
Experiment1.



SurfaceList Within SM89Corpus: Results
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Conclusions

� Webelieve thatskilled readinginvolvesthecooperative
interactionof boththesublexical andlexical/semantic
procedures.

� In surfacedyslexic patientssuchasMP, thesemanticsystemis
severelyimpairedor disconnectedfrom phonology, leaving only
thesublexical procedurein operation.

� Thesublexical procedureneednotmasterall exceptionwords
becauseit cannormallydependonthecontributionof semantics.

� Suchasublexical procedureis approximatedby a network that
is only partially trained,capturingfrequentandregular
spelling-soundcorrespondences,but not thoseexhibitedby
low-frequency exceptionwords.

� Thisview of thesublexical procedurecontrastswith theclaim
thatthesublexical procedureusesasystemof rulesthat
correctlypronouncesall regularwordsandnoexceptionwords
(e.g.Coltheart,Curtis,Atkins, & Haller, 1993).
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