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Abstract

Mappingbetweerorthograply andphonologyin theabsenc®f semanticss
investiatedin a surfacedyslexic patient,MP, andin a connectionistnodel.
Both weretestedon about2500monosyllabiovordsfrom the Seidenbeag and
McClellandcorpus.We examineddetailedeffectsof word frequeng and
spelling-sounaonsisteng onnamingaccuray andlateng. We alsoperformed
anerroranalysis.While thegeneralagreemenin performances encouraging,
specificdiscrepanciesuggespossiblemprovementsof the model.



Summary

e Theeffectsof word frequeny andspelling-sounaonsisteng
onword andnonword readingaccurag areinvesticatedin a
brain-damageg@atient,MP, andin anincompletelytrained
connectionishetwork.

e Both MP andthe network exhibit the characteristipatternof
surfacedyslexia in anumberof word lists:

—afrequeng-by-consistenginteraction,n whichthereading
of low-frequeng exceptionwordsis disproportionately
Impaired

—apredominancef “regularization”errorson exceptionwords
(e.g.DEAF = “deef”)

—apreseredability to readpronounceablaonwords(e.g.
HEAF).

—areducecdeffect of regularity in wordswith ambiguous
neighborhoodge.g.—OW in NOW vs.LOW)

e MP failsto exhibit the expectednteractionon a large corpusof
predominantlyconsistentvordspresenteanorerecently
suggestinghateither(a) the highly consistentontext invokesa
“piecemeal’readingstrat@y, or (b) MP’s subleical processing
hasdeteriorated.

e Theresultssuggesthatthenormalsubleical systenmasters
somebut not all exceptionwords,andthatsurfacedyslexia
ariseswhenthis systemis isolatedfrom semantics.




Background

A considerableamountof knowledgeaboutthe organizationand
operationof the normalword readingsystemhascomefrom
detailedstudiesof brain-damageg@atientswith selectve reading
deficits. Particularpatternof performancef suchacquired
dyslexic patientssuggestshatthereadingsystemhas(atleast)two
procedure$or pronouncingetterstrings: (1) asubleical procedure
thatdervespronunciationdasedn commonspelling-sound
correspondenceand(2) alexical/semantigprocedurehat
generatethe pronunciatiorof aword via its meaning.Specifically
phonological/deepyslexic patientsarethoughtto have a selectve
Impairmentto thesubleical procedureasevidencedby their
Inability to readpronounceablaonwords(e.g.HEAF). Conversely
surfacedyslexic patientsarethoughtto have a selectve impairment
to thelexical procedureasthey oftenmispronouncevordsthat
violatesublical spelling-sounatorrespondenceparticularly
thoseof low frequeng, mostcommonlyproducinga
“regularization”error(e.g.DEAF = “deef”).

Connectionistnodelinghasprovideda usefulformalismwithin
whichto exploredetailedpatternsof behaior in bothnormaland
Impairedword reading(e.g.Seidenbag & McClelland,1989).
PlautandShallice(1993)have replicateahe diversesetof
symptomsexhibitedby deepdyslexic patientsdy lesioningattractor
networksthatmaporthograply to phonologyvia semantics.
However, attemptgo reproducesurfacedyslexia by lesioningthe
Seidenbay andMcClellandmodelof the sublecical procedurénave
beenlesssuccessfu{PattersonSeidenbar, & McClelland,1989).



Oneproblemwith the Seidenbay andMcClellandmodelis thatit
failsto pronouncenonwordsaswell asskilled readergBesney
Twilley, McCann,& Seegobin,1990). More recently Plautand
McClelland(1993)have re-implementedhe subleical procedure
asanattractometwork usingimprovedorthographiand
phonologicalepresentationsl he network pronouncesvords(both
regularandexception)andnonwordsaswell asskilled readersin
the currentwork, we usethis network to explorewhethersurface
dyslexia arisesdfrom a damagedubleical procedureor rather
from anintactbut isolatedsubleical procedurghatnormally
worksin concertwith the semantigorocedureandsoneednot
masterow-frequeng exceptionwords.



SurfaceDyslexia

e Impairedreadingof wordswith exceptionalspelling-sound
correspondenceparticularlythoseof low frequeng, usually
yielding “regularizations(e.g.DEAF = “deef”).

e Normalability to readpronounceablaonwords(e.g.HEAF).

e Severeimpairmentn namingobjectsaswell aswords.

Phonology

DEAF "deef"



Patient MP

MP is a75yearold, right-handedEnglishspeakingemalewho
sustained closednheadinjury in 1982,causingextensve damageo
theleft-temporalregion of the brain. MP hasa severedeficitin
comprehendingpoth objectsandwords. For example,onthe
PyramidsandPalm Treestest,in which atargetpicturemustbe
matchedvith oneof two pictures(e.g.eskimo:igloo or house) MP
scoredo 7% correctwhile normal,age-matchedubjectscore99%
correct.Similarly, in matchinga written word to oneof 5 pictures
(thetarget,a semanticallycloseandsemanticallydistantdistractoy
avisualdistractorandanunrelatedoicture),MP identified12/40
itemscorrectlywhereasiormalperformances 38.8/40.0f the 28
errors,MP pickeda semantiaistractoron 15trials.

Asidefrom the markeddeficitin semantiqgrocessingMP hasa
profoundsurfacealexia andsurfaceagraphiaHerreadingand
writing performancdiasbeentestedextensvely in the pastandis
thefocusof severalpublicationgBehrmanr& Bub,1992;Bub,
Cancelliere& Kertesz1985).

In the currentinvestigation,severallists of wordsweredevelopedto
asses$lP’s oralreading(seebelow). Thewordsappeared
iIndividually in the centerof a computerscreenMac Classic)for an
unlimitedexposuredurationandMP wasinstructedo readthem
aloud. MP’sresponsewerephoneticallytranscribedandaccurag
wasmeasured.



Plaut and McClelland (1993)Network

108
Orthographic

Phonological
Units

DEAF /def/

e Representations

Phonology
onset sbpdtgkfvzTbszlrwmnhy
vowel a@eiOUAEIOUWY A
coda rimnNbgdpskstssfvpktzszTD
Orthograply
onset YSPTKQCBDGFVIJZLMNRWHU
CHGHGNGUPHPSQURHSHTH TSWH
vowel EIOUAY Al AUAW AY EAEEEIEUEWEY
IE OA OEOI OOOU OW OY UE Ul UY
coda HRLMNBDGCXFVJSZPTKBBCHCK
DD DG FFGGGHGN GUKSLL NG NN PHPP
PSQURRSHSLSSTCHTHTSTT ZZEESED

“la/in PQT, /@/in CAT, /e/in BED, /i/ in HIT, /o/ in DOG, /u/in GOOD,/A/
in MAKE, /E/ in KEER /i/ in BIKE, /o/ in HOPE,/u/ in BOOT, /w/ in NOW,
Iyl'in BOY, /Al in CUR, /N/in RING, /s/in SHE,/z/ in BEIGE, /7/ in THIN,
/Dl in THIS.

e Training
Back-propagtionthrough(continuous}ime on extendedSM89




corpus(2998wordsplus101grapheme-phoneme
correspondences)



Initial Comparison:
Damagevs. Incomplete Training

e Lesioningprocedure

— Corruptweightsof a setof connectionsvith normally
distributednoise(standardieviation reflectssererity).

— Resultsareaveragedver 100differentsamplef noiseata

givenseverity.
CorrectPerformancé
HFR LFR HFE LFE %Regularizations NW?
MP° 95 93 83 41 ~85 95.5
—x(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 TarabarandMcClelland(1987)
Nonwordsfrom Glushio (1979)
“FromBehrmanmandBub (1992)

e Results

— Incompleteraining produces bettermatchto surface
dyslexia thandamaginghetwork (alsoseePatterson,
Seidenbar, & McClelland,1989).

— Consistentvith view thatsurfacedyslexia ariseswhenthe
normalsubleical route,which mastersomebut not all
exceptionwords,is isolatedfrom semanticgPattersons
Hodges1992).



Experiment 1. SurfacelList

Thislist (Patterson& Hodges1992)contains252monosyllabic
monomorphemievords,madeof 126 pairsof regular(REG)and
exception(EXC) wordsmatchedor length,frequenyg andinitial
phonemeREGor EXC is definedon the basisof (a) thevowel and
final sgment(e.g.POPEvs. DONE) or (b) thevowel alone(e.qg.
LEAF vs.HEAD). Strangewordslike YACHT or AISLE are
excluded.Five trials wereexcludedfrom theanalysisdueto
microphondailure.



SurfacelList: Results
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Experiment 2: NeighborhoodList

This list containgripletsof items,eachconsistingof aregular
word, anexceptionword, anda nonword, sharingthe samebody,
Thetripletsaredravn from two neighborhoodsfa) consensusthe
large majority of pronunciationgagreewith at mostoneexception
(e.g.—AVE: 13reg, e.g.SAVE; 1 exc, HAVE); (b) ambiguous
alternatve pronunciationgareaboutequallycommon(e.g.—ERE:3
reg, e.g.HERE;4 exc, e.g. WHERE).All itemswererandomized
andpresentedsasinglelist. Accurag is measure@safunctionof
frequeng andregularity.




NeighborhoodList: Results

MP

NETWORK

Accuracy

Accuracy

1.0 |
0.9 |
0.8 '
0.7 -
0.6 |

05 |

03!

1.0 |
0.9 |
0.8 |
0.7 |
0.6
05 |
0.4 |

03!

0.4 |

T*** Regular Words
L ***T Exception Words|
L Nonwords
Consensus Ambiguous
*k k%% T *
Consensus Ambiguous

Neighborhood



Experiment 3: Nonword Reading

A list of 67 pronounceablenonosyllabicmonwordswascompiled
for oralreading.Accurag wasmeasure@sfor the neighborhood
list. Performancevasalsocomparednasubsebf Glushlo’s
(1979)nonwords.

MP NETWORK
Nonword list 0.87(58/67) 1.00(67/67)
Glushilo (1979) 0.95(42/44y 0.98(43/44)
“FromBehrmanmandBub (1992)

Regularizationsof ExceptionWord Err ors

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




Experiment 4. SM89 Corpus

The2897monosyllabiovordsof the Seidenbay andMcClelland
(1989,SM89)corpuswererandomizecanddividedinto blocksof
100words. Eachblockwasgivento MP for oral reading.A full
corpusof responsedjowever, is not availableasMP readonly 24
blocksand,of those a numberof trials wereexcludedbecaus®f
microphondailure,leaving a corpusof 2395responsesThesedata
werecollectedover afour monthperiodapproximatelytwo years
afterthedatafor Experimentsl-3werecollected.

Wordswith uniquebodies(e.g.SQAP) wereexcludedfrom the
analysis.Theremaining2184trials weredividedinto three
frequeny bandg(Kucera& Francis,1967): high (>100per
million; n=325),medium(<=100and>=10; n=792)andlow
(<10;n=1067).Thetrials werealsoclassifiedaccordingo
neighborhoodonsisteng (numberof friends,F, andenemiesE):
regular((F+1)/E>=4; n=1837),ambiguoug0.5< (F+1)/E<4;
n=224),or exception((F+1)/E<x=0.5;n=123).Accurag is
measurea@sa functionof frequeng andneighborhoodaonsisteny.




SM89 Corpus: Results
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Experiment 5:
SurfaceList Within SM89 Corpus

To betterunderstandhe absencef the expected
frequeng-by-consistenginteractionin MP’s accurag in reading
the SM89corpuswe selectedut thoseitemsin thecorpusthatare
alsoonthe SurfaceList (Experimentl). Datafor 35 of theitemsin
theinitial analysiswereunavailable,leaving 212itemsfor
re-analysis.Thesdatemswereanalyzedn thesameway as
Experimentl.



SurfaceList Within SM89 Corpus: Results
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Conclusions

e \We believe thatskilled readinginvolvesthe cooperatre
Interactionof boththe subleical andlexical/semantic
procedures.

¢ In surfacedyslexic patientssuchasMP, the semanticsystems
severelyimpairedor disconnectedrom phonologyleaving only
thesubleical proceduran operation.

e Thesubleical procedureneednot masterall exceptionwords
becaus@& cannormallydependnthecontrilution of semantics.

e Suchasubl«ical proceduras approximatedy a network that
IS only partially trained,capturingfrequentandregular
spelling-sounatorrespondencebut not thoseexhibited by
low-frequeng exceptionwords.

e Thisview of thesubleical procedurecontrastsvith theclaim
thatthe subleical proceduraisesa systenof rulesthat
correctlypronouncesll regularwordsandno exceptionwords
(e.g.Coltheart Curtis,Atkins, & Haller, 1993).
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