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NumberProcessingDissociations:
Evidencefrom a Caseof Dyscalculia

FemandoCuetos*and GracielaMiera
University of Oviedo

lo this casestudy of an aphasicpatientwith difficulties in numericalprocessing,Ibe
patienírespondedto a seriesof Iingtiistic andnumericaltasksdesignedto assessefficiency
leveis in processingvarious linguistie components.In addition, the patientcompleteda
seriesof transcodingtasks that were directedat isolating whetherIhe probleniswere
associatedprimarily with arabicnumeralsor with other modalities(spokenor written).
Dalawereanalyzedusing chi-squaregoodness-of-fittests.Statistically significantdifferences
were obtainedbetweenspokenverbal and written verbaloutputsandbetweenarabicand
spokenverbal outputs.Basedopon ananalysisof errors, it wastentativelyconcludedthat
the disorderswere associatedwith two types of dissociationoperatingtogether,one
betweenspokenverbal andwritten verbal outputs at the syntacticallevel andthe other
betweenlexicalandsyntacticalcomponentsin thespokenverbaloutput.A revisadmodal
is proposedte provide atentativaexplanationfor theseobservations.
¡«y words;dyscalculia,numeralprocessing,arabic numeralsysteni

Los estudios realizados en los últimos años con pacientes discalcúlicos están sirviendo
para comprobar, por una parte, cómo funcionan los módulos que componen el sistema
de procesamiento numérico, y, por otra, la relación que existe entre procesamiento
numérico y procesamiento lingúistico en general. En este articulo presentamos un paciente
con dificultades en el procesamiento numérico al que se le pasaron varias tareas
lingúisticas y numéricas destinadas a comprobar si sus problemas eran sólo numéricos
o afectaban también a otras modalidades verbales. Las diferencias estadisticamente
significativas (contrastadas mediante chi-cuadrado) entre producción verbal y escrita y
entre producción verbal y arábiga y los tipos de errores que comete manifiestan la
existencia de dos importantes disociaciones: una en producción arábiga entre los procesos
léxico y sintáctico, y otra entre producción verbal y escrita a nivel léxico. Puesto que los
modelos existentes no contemplan estas disociaciones, se propone un nuevo modelo
derivado de los anteriores.
Pa/abras clave; discalculia, procesamiento numérico, sistema numeral arábigo
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In the last20 years,therehasbeensubstantialprogressin
ourunderstandingof Ihe Iinguistic processingsystemresulting

primarily from the study of individual aphasicpatients.The
analysisof dissociations,andparticularlydoubledissociations,
hasallowedfor the discriminationof differentprocesseswhich

participatein language,both spokenandwritten. Recently,
similar work hasbeencaniedouí with dyscalculicpalients.

One of Ihe firsí aims of Ihe researchwith dyscalculic
patienís, and more specifically with patientspresenting
difficulties in numericalprocessing,wasto identify which
componentsmateup the numberprocessingsystemandhow
they work, both in peoplewho havesuiferedbrain damage
andin normal subjects.Detailedanalysisof different tasksfor
individual casesas welI ascomparisonsof thesefindingswith

Ihoseobtainedfrom otherpatientshavebeenusedlo generale
modeisof numberproeessing.Basically, therearetwo bodies

of evidenceofferedby cognitive neuropsychologistssuggesting
that the processesassociatedwith comprehensionaredifferent
from tose usedin theproductionof arabienumerals:(1)
studieswhich have revealedthe dissociationbetweenthese
two processes(Cipoloíti, Butterworth,& Warrington, ¡994;
McCloskey,Sokol, & Goodman,1986)and(2) researchciforls
thathavefocusedon the dissociationsbetweenIhe lexicaland
syntacticprocessesin the understandingandproductionof
arabic numerals (Cipolotti el al., 1994; McCloskey &

Caramazza,1987; Nóel & Seron, 1993).
As aresultof theseinvestigations,severalmodeishave

beenproposedwhich altempí to accountfor thenumber
processingsysíem.Only a brief outline of eachmodel is

offeredbecauseexcellení,recenípublicationsareavailable

arabicalnumeral
reading

arabicalnumeral
wrtling

t c

(Cipolotti & Butterworth, 1995; Seron& Néel, 1995). In
the following paragraphs,severalmodelsareaddressed:(a)
a systemof asemanticalgorithmswith particularemphasis

on Dehaenes(1992)Triple CodeModel, (b) McCloskey’s
systemof autonomousmodules,and (e) modelsdetailing
both semanticand asemanticroutes.

Delocheaud Serons(1982, 1987)well-known model
describesa systemof asemanticalgorithmswhich allow for
the transformationfrom onecode lo another(cg., from
arabicnumeral to verbal,or vice-versa)without having to
consult themeaningof numbers.A magnituderepresentation
codewould only be consultedwhen the task requiresit; for
examplein calculating tasksor in magnitude-comparison

tasks. A varianí of this model is te PreferredEntry Code
l-Iypothesis (NÉ5eI & Seron, 1993)which postulalesthat
subjectstransformthe numericalinput into Ihe represeníation
(verbal or arabic)in whichthey aremore skilled. So, subjects

whoseauditoryworking memoryis superiorlo their visual
memorywould usea verbal code,andsubjectswhosevisual
memoryis betterwould useavisual code. lntegratingaspecís
of each of these approaches,the Triple Code Model
preseníedby Dehaene(1992)anddisplayedin Figure 1

hypothesizesthaI the numberprocessingsystem operates
on Ibree typesof codes:(1) visual-arabic,(2) audiíory-verbal,
and(3) an analoguemagnituderepresentation.Ihe selection
of one codeor anoiherdependson íhe type of mental
operationrequired. Ihe visual-arabiccode is usedmainly
to carry out multidigil operations,Ihe auditoryverbal code
for countingandIhe analoguemagnitudecodelo carry out
magnitudecomnparisons.

ct ~D

written
Output

writtefl
input

auditory
input

spoken
output

ANALOG MAGNITUDE
CODE

estimation,comparison,
approximatecalculation

VISUAL ARABIC
CODE

multi digit
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AUDITORY VERBAL
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addition andmultiplication
tables

Figure /. The triple-codeniodel proposedby Dehaene(1992),
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Anolberwell-known modelwhich presentsa differení view
wasofferedby McCloskeyandhis collaborators(Macaruso,
McCloskey,& Aliminosa, ¡993; McCloskey, 1992;McCloskey
& Caramazza,1987; McCloskey,Caramazza,& Basili, 1985;
McCloskey,Sokol & Goodman,1986;Sokol & McCloskey,
1988). McCloskeyproposeda systemmadeup of different
modules which operate autonomously,each one being

specializedin a certain function. (SeeFigure 2.) Firsí,
independenínumeralcomprehensionandnumeralproduction
mechanismsare postulated,eachwith different lexical and
syntactic processingunits. Then, an absírací internal
representationlatesplace betweenthe comprehensionandthe
productionprocesses.In this way, lii order to proceedfrom

input to output, no matíerwhat codeis used,one musí go
throughthe absíracíintemal representation.

The recentmodelsof Cohen,Dehaene,and Verstichel
(1994)and Cipolotti (1995) incorporatebolh a semantic
route, as set forth in the McCloskey model,and anasemantic
routesuch as that proposedby Deloche and Seron(1982,
1987) allowing for te occunenceof certain transformations
wiíhout accesslo Iheir meaning.Specitically,in Cipololtis
model (Cipolotti, 1995: Cipolotíi & Butterworíh, 1995),
shown in Figure 3, two routesare hypothesizedfor reading
arabic numeralswhereasCohen,Dehaene,and Verstichel
(1994) offer a 3-routemodel: surface,asemanticlexical, aud
‘deep” sernantic.

CALCULATION MECHANJSM

ARITHMETIC FACTS CALCULATION PROCEDURES
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Figure 2. Model proposedby McCloskey, CaramazzaaudBasili (1985).
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1,280

a

Arabie numeral inputsystem

Arable numeralcomprehensionsystem

Syntaetie Lexical
Processing Proeessing

b4

Abstracíintemal
representations

4

Spoken numbernameoutputmechanisms

Arabie numeralto spoken
Number nameconversionmíes

Syntactic Lexical
Proeessing Proeessing

+
one thousandlwo hundredand eighty

Figure 3. Cipolotti Model (1995).

In short, one mayconcludethat thereare many different
modeiswhich attempt to explain the numberprocessing
system.Sorne authorsdefend the existeneeof a sernantie
route used in alt numerical tasks,while otherspropose
asemantieroetes.Yet a third approaehincludesboth types
of routesin dic model. Regardinganoiheraspectof number
processing,sornemodelsdistinguishbetweenlexical and
syntactiealprocesses,whereasothermodeisdo not. These
are very imporíanttheoreticalissuesfron which testable
hypothesescanbe generated.In this respect,individuals with
dysealculiacanprovidean excellentsoureeof information.

RelationsbetweenNunierical
andLinguistic Processing

Another focusof cognitive neuropsychologistshasbeen
the hypothesizedrelationshipbetweennumberprocessing
and linguistie proeessingin general.The hypothesis
defendedby sorneauthors(mosínotably, Seron & Nócí,
1992) is that numberprocessingmay notbe different from
the processingof olber verbalforrns basedon the fact that
numbershavea lexical component(becausesimplenumber
forms arerepresentedby words)and a syntaeticcornponent

d

y
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(becausecomplex numbersare formedby joining simple
onesusingcombinaíorymies).However, te arablenumeral
lexicon is morereduced ihan Ihe verbal lexicon and the
syntax 18 simpler (Seron& Nóel, 1992). Moreover, ihere
are otbercharacteristiesthaI differentiatethe arabieand
verbalsystems,suchas te fact thai te former is tought
to requirea previousglobal processingstep (Seron & Nóel,
1992) whereasthe latier doesfbi. Tenlaiively, one may
concludethai two parallel buí different systemsmay be
involved.

Dalasupportingthe relationshipbelweenthe two systems
havebeenfound in the studyof aphasicpatientswho usually
haveproblemswith nurnbers,and dyscalculicpatieniswho
usually have languageproblems (Seron& Nóel, 1992).
However,witb two exeeptions,ibis relationsbiphas nol been
empirically demonstratedbecausemosísiudieshavetargeted
eiiher aphasiaor dysealculiabut havenotexaminedboth
coneurrently,so lhat dissoeiationbetweenbotb problems
could nol be tested.The notableexeepiionsconductedby
Delocheand Seron (1982)and Seronand Deloehe(1983)
havefound thai Brocaaphasicpatienispreseníproblems
with lEe syntacliecomponentof numberswhereasWernicke
aphasicpresenílexical problemswith numbers.Neveríheless,
no definitive conelusionseould be drawnfrom this research
aboui the funetion and degreeof autonomy for eacb
cognitive processbecauseof insufficienl data.

ProbablylEe besí way to examinewbetherwe aredealing
with differentsystemsis by meansof dissociations.A large
numberof siudieshavebeenpublishedwhich havefocused
on apbasiepatients wbo are ineapableof readingandwriting
words buí who have shown no difficuliies with arabie
numerais(Anderson,Damasio,& Damasio, 1990; Rossor,
Warrington,& Cipolotti, 1995). In contrasí,fewercasesof
patieníswiíh no readingproblemsbut witb difficuliies wiíh
arabienurneralshavebeenpublished.One might deduce
from theseobservationsthai even lbougb arablenumerals
arepart of written languagein general,they representwritten
languagein its simplesíform (similar to ihe logographic
siageof reading,becausearablenumeralsare really like
logographs).In Ihis sense,paíientswith a slight lesion in
te lefí temporaltobe would have troeblereadingwords
thai are more difficult lo process,but would nol with arabie
numerais.However, sornecaseshavebeencited in which
difficulíies are specific lo arabienumeralsindicaling thai a
doubledissociaíionmay exisíbetweenreadingand writing
words and arabicnumerais.Cipolotii, Bulterworth, and
Denes(1991)publisheda casestudy in which the patiení
was diagnosedwith severeacaleuliafor numbersaboye4
buí wbo did nol havesimilar difficulties wiih reading. in
Miel and Seron’s(1993) study, a patiení readwords witbout
difficulíy alihoughhe could nol read nonwordsand had
trouble witb arabicnumerals.More recently,Cipolotti (1995)
publishedthecaseof a patientwith Alzheimer’s diseasewho
had problemsreadingarablenumeralsbuíwho could read
words and nonwordswell.

Overview of the Study

In this paper,wepreseníihe caseof a patieníwho had
problemsin processingnumbersin Spanish.We believe
Ibis case siudy is of iheoretical interesí becausebis
ditIjeulties were greaterwith numberstan with ‘words.
Moreover,the caseshows severalimportanídissociations,
someof which havenoi beenprcviously reported,and
which may help lo clearnp sorneof ihe doubíssurrounding
ihe main numberprocessingmodels.We believethe flndings
thai are subsequenllypresentedare universaldespitethe
fact thai tbepatient is a Spanishnalive speakerFurthermore,
Ihe Spanishverbalnumericalsystemis practically ideníjeal
ío (bat of English and Frenchand it has a similar verbal
nuniericalsystemand lexical and syniaciiccomponenis.
The laical oneis formedby 28 words: Ihe unlis (uno, dos,
tres,cuatro,cinco, seis,siete,ocho,and nueve) rone, two,
Ibree, four, five. six, seven,eight, and nine], the tens (diez,
veinte, ireinía, cuarenta,cincuenta,sesenta,setenla,ochenta,
ancA noventa) [ten, twenty, thirty, forty, fifty, sixty, seventy,
eighty, and nineiy]. and ihe multiplicaiors(cien/cientos,mil
and millón/millones) rhundred/hundreds,thousandand
million/millions], and the particularwords (once,doce,
trece,catorce,quince, and quinientos) [eleven,twelve,
ihirteen, fourteen,fifleen, and tive hundred].Whenwe add
ihe conjuncíion“y’ (and),we haveall ihe necessarywords
lo form any numberThereare also somesyntacticalrules
which allow cornbining the lexical elementsmío larger
units.Thus, number16 is formedby eombiningthe words
for numbers 10 (diez) and 6 (seis): ‘diez y seis”” (sixteen);
3,468 is expressedin the verbal system as “tres mil
cuatrocieniossesentay ocho” (three thousandfour hundred
and sixty-eight); and 7,854,261 as “siete millones,
ochocientoscincuentay cuatromil, doscientossesentay
uno (sevenmillion, eight hundredand fifty-four thousand
two hundredand sixty-one).

The síudydeseribedin ibis paperis aimedal analyzing
the performanceof a dyscalculicpalient in several linguistie
andnurnerical lranscodinglasks in order to gel information
about ihe relationshipbeiweenlinguislie andnumerical
processing.This study further examined lEe number
processingmodeis, in view of the disagreemeníabout ibe
componenísof ihe numericalprocessingsystem.In ihis
sense,dysealculicpatiení resulísare a good way (perhaps
lEe besO lo provide answerslo ah ihesequesíions.Dur
hypolhesiswas thai our patieníwould not presenísimilar
difficulties in linguistie and numericalprocessing.

CaseRepon

iT. was a bank employee unu! he suffered a
cerebrovascularaccident(CVA) on November26, 1992,al
thc ageof 61. The damagewasdiagnosedas a hemorrhage
in ihe left hemisphereresulting in residualdysphasia.On
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July 19, 1993, he suffereda secondCVA wiíh a broad
ial aretion with hemorrhagein Ihe lefí hemispherein lEe
aieaof the middle cerebralartery.At Ibis time his language
disturbancewas diagnosedas mixed apbasia.

General Evaluation

In J.T.’s first generalevalualional a neuropsycbological
clinic, althoughhis performancewas within normal limits,
he took more time Iban normallo completemany tasks.He
could maintain bis atíentionvery well, and, in fact, had no
difficulty in visual-spaíialtasksor line cancellation.He
readily understoodand conecílyperformedboth simpleand
complex commands,suchas pointing to Ihe partsof his
own body altbough it wasnecessaryto repeatthe more
complexcommands.J.T. could readwithout difficulty and
understoodwritten instructions.Whenhe was askedto wrile
his nameandaddress,he made no mistakes.However, he
had seriousproblemswith numbertasks.Whenhe wasasked
to read a list of arabicnumeralsor lo write, in arabicform,
a diclatedlisí of 1- to 3-digil numbers,he had no trouble
when readingIhe Iist but he madeerrorswhenwriting (e.g.,
he substituledsomenumbersfor others--hewrote 14 instead
of 18 and 7 insteadof 16)

Method andRelatedFindings

LanguageExamination

A seriesof linguistic taskstaken from tbe Evaluación

delProcesamientoLingdistico en la Afasia (EPLA) (Spanish
versionof the PsycholinguisticAssessmentof Language
Processingin Aphasia;¡‘ALFA, Valle & Cuetos,1995) was
administeredby one of te authors(G.M.) to J.T. lo evaluale
the efficiencyof different componentsof his linguistic
processingsystemincluding (a) maícbingsoundsto letters,
(b) letternaming, (e) readingisolaledwords, (d) naming,
(e) repetition,(f) sentencerepetition,and (g) digil memory.

Matehingsoundslo letters. Wben presentedwith 24
items eachcontaining4 written letíersand askedto point
to Ihe named letterfor each item, J.T.’s performancewas
perfect(24 correctoul of 24 possibleitems).

Letíernaming. J.T. had no problemsreadingletters.He
correetlyread25 of 26 lelters;bis only error wasmadewitb
tbe letter “x,” which is notvery common in Spanish.

Readingisolatedwords. Two list of words taken from
Ihe EPLA, one with 40 words and Ihe otherwith 24 were
presentedto J.T. to read aloud.His readingscorewas perfecí:
64 corred out of 64 possible.

Naming.J.T. was presentedwith 40 daily objects pictures
(cg., walcb, onion, scissors,...)and askedto nameIhem
aloud. Hemadeno errorsin performing this Iask.

Repetition.Next, the40 words represeníingIbe piclures
displayedin the previoustask were read to J.T. and he was

askedto repealeachaloud astheywere preseníed..His score
was36 mit of 40, sJightly lowertan the averagefor normal
subjects(39.82), alíhoughnol statisíically differení from
Ihem (normativedatatakenfrom tbeEPLA; Valle & Cuetos,
1995). J.T.’s errorsdid notappearto be Ibe resulíof failing
to rememberthe word, but becausehe subsíituíedone
phonemefor another(‘cinlurén” for “cinturón” [belí],
“cepigo” for “cepillo” ([bmsh]).

Sentencerepetition. Ten5- and 6-word sentences(taken
from theEPLA) were read aloud,one at a time, lo JI. who
was directed tú repeat eacb statemenífollowing its
presentationby tbeexaminenExceptfor small pronunciation
errors, iT. correctly repealedeacbof the 10 sentences.

Digit memory. In the digit-memory task consistingof
asking tbe patiení to repealseriesof dicíateddigits which
increasedin length. J.T. badconsiderabledifficulties. He
correctly repealed6 out of 10 2-digit stringsand one of 10
3-digil strings.

ExperimentalInves>tigation

The experimental investigation included number
processing,as well as olber numericaltasksand writing.

Nunzberprocessing. In order lo find out whetberbis
problemswiíh numbersappearedonly wiíh arabicnumerals
or indicaledolber modalilies (spokenverbal or written
verbal), J.T. was presentedwitb a list of 80 numbers
requiring a variety of transcodingtasks in severalsessions,
usinga few ilems per session.Ihe 80-iíem lisí was made
up of 20 1-digit numbers(eachnumberfrom 0 to 9 was
repeatedtwice), 20 2-digit numbers,20 3-digit numbersand
20 4-digit numbers.Ihesenumberswere presentedto bim
in ibreemodes (arabic, spokenverbal and written verbal)
and J.T. was instructedto expressthem in one of dic Ibree
modesfor six different íranscodingIasks: (1) arabic to
spokenverbal, (2) arabic lo written verbal, (3) wriílen verbal
lo spokenverbal, (4) wrilten verbal to arabic, (5) spoken
verbalto written verbal,and (6) spokenverbaltú arabic.
TheseIaskswould allow usto testwbetberJ.T. had speeific
difficulties in sorneparticular numberprocessingstrategy
or whetherbis difficulties occurredin alí numericaltasks.

1. Arabie tú spokenverbal. Ihe 80 numberswere
presentedwritten in arabicform on a pagefor J.T. lo read
aloud.Ms scúrewas 79 corredmiL of 80 possible.Mis únly
errorwaswith te numeral5832,wbich he readas “cincuenta
y ocho trescientosdos” (“fifty-eigbt Ibree hundredíwo”).

2. Arabie tú written verbal. As in Ibe previoustask,J.T
was preseníedwith tbe sameset of numeralsbut for Ihis
task he wasinstrucíedlo wriíe eachnumeralin Ihe form of
written words. He only managedto write correctly 49 of
the 80 stimuli. He correctly wrote alí tbe 1-digit numbers,
madeone error in tbe 2-digit numbers,scored10 correct
out of 20 in Ihe 3-digil numbers,buí could write noneof
Ibe 4-digil numbers.
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3. Writíen verbal lo spokenverbal. Wbenaskedto read
aloud eachof tbe 80 numberswritten with letters,J.Tbad
no problemat alí aud obtaineda perfectscore(80/80).

4. Written verbal lo arable. Whenrequiredto convert
wriííen numbersinto arabicnumerals(e.g., Iwelve to 12),
J.T. haddifficulties andseoredonly 43 correctout of 80.
1-le obtained19 of 20 corred for l-digits, 15 of 20 for 2-
digits, 9 of 20 for 3-digiís, and O of 20 for 4-digits

5. Spokenverbal lo written verbal This task consisted
of writing dictatednumbersin letters(e.g., /lenI —~ “ten”).
JI. was correcton 33 oní of 80 stimuli. He seored18 out
of 20 for 1 -digiís, lO ouí of 20 for 2-digits,4 orn of 20 for
3-digits, and 1 orn of 20 for 4-digits.

6. Spokenverballo arable. Ibis Iask consistedof writing
arabic numbersfrom dictatednumbers(e.g., ¡ten! — lO).
JI. was correcton 32 of the 80 stimuli (19 of 20 1-digils,
II of 20 2-digits, 2 of 20 3-digits, and O of 20 4-digits).

lix Table 1, JIs results in eachtask are displayed.
Síatistical analysesemployinga seriesof chi-squaretesIs
revealedstatistically significanídifferencesonly between
the spokenverbaloutputand all otberouíputs.Tberewere
no significant differencesobíainedbetweenIbe arabicand
thewriíten verbal output. Globally, thesewere Ihe results:
betweente written verbaland spokenverbaloutput& [1,
N = 251] = 24.60, p <.001)aud betweenarabicand spoken
verbaloutput& [1, N = 234] 30.15, p sc .01).

As ¿IT. liad trouble transcodingboth arableand written
verbalnumbers,one might concludethai both modesshare
a commonfactor Inspectionof te errorsmaderevealsthat
Ihe characteristicsof Ibe difficulíies in both modesappear
lo differ Por example,when Ibe oulput is arabic numerals,
independentlyof whelher the inpuí was presentedin spoken
verbalor written verbal modes, bis mistakeswereeither
lexical (e.g., insteadof 68, he wrote 78; insleadof 238, he
wrote 228; or insteadof 1928,he wrote 1978) or reduction
of the digil numbers,probablydue to short-termmemory

lable 1
Numberof CorrecíAnswersprovided

(STM) problems(e.g., 314 insteadof 3174,or 987 instead
of 9287), especiallywitb 3- or 4-digit nurnbers.Indeed, if
the resultsfor spokenand writlen input are compared,Ihe
numberof lexical mislakeswas approximalelythe samein
eachcase (20 and 22, respectively;but Ihe numberof
reducijeuswashigherwhente inpuí was spoken[28] than
when it was writlen [15], becausein Ibe former, il is more
difficult lo relainthe numberin STM storage).

Wben the output was wrilten verbal, errors varied,
dependingon wbetberthe input was presentedin spoken
verbalor arabicmodes.WhenIbe input wasspokenverbal,
JI. ‘s errorswere mainly substitulionof sornegraphemesfor
otherswhich resultedin nonwords(he wrote “dien” instead
of “diez,” “Ireza” insteadof “trece”), or non-targetedwords
(“nuevo” insteadof “nueve”), or omitting a word. He also
mademany word-omissionerrors,probably becauseof the
sbort-termmemoryproblernsmentionedin a previousseclion.
SometimesJI. forgot Ibe first pan of the numberphrase
and Ihereforewroíe “Ires” insteadof “veintitrés” (3 instead
of 23); other timeshe forgol Ihe last word presented(e.g.,
he wrole “cuarenta”instead of “cuarentay nueve,”40 instead
of 49), altboughno systematicprimacy or recencyeffecís
wereobserved;and,sometimeshe formeda new figurewith
Ihe few numbershe remembered,suchas in “trescientos
setentay uno” (“Ibree bundredand seventy-one”),wbich he
reducedlo “Ireinía y uno” (“thirty-one”). in a few cases,he
substitutedsornenumbersfor olherswhich liad no similarity
whatsoever(cg., insteadof “quinientoscuarentay seis” [546]
he wrote “setentay uno” [71])or he wrote nonwordswhicb
did not resembleIbe síimulus(insteadof “dieciseis” [16] he
wrote “sentenciamigo”[sentencefriend]).

However,when te input wasin arablenumerals,aitough
he also madesornelelter substitutionerrors (e.g., “cince”
insteadof “quince” [¡5]) and somelexical ones(“quinientas
treinta y una” [531]insteadof “quinientasveiníidos” [522]),
his errors were mainly syntaclical (e.g., “novenla y cinco”

by IT in hm TranseodingTasks

Slimulus form Responseform

Numberof digits presented

2 3 4 Total

Arabic Spokenverbal 20 20 20 19 79

Written verbal Spokenverbal 20 20 20 20 80
Tolal Spokenverbal 40 40 40 39 ¡59

Arabic Wrilten verbal 20 19 10 0 49

Spoken verbal Wnilten verbal 18 lO 4 ¡ 33
Tolal Writíen verbal 38 29 14 1 82

Spoken verbal Arable lO II 2 0 32

Written verbal Aíabic 19 15 9 0 43

Total Arabic 38 26 ¡1 0 75

24
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Table 2
Typesof Errors

Errors

Stimulus form Responseform lexical syniactical reduclion graphemic no answer Total

Arabic Spoken verbal — 1 —

Arabic Written verbal 3 27 — 1 31

Wriíten verbal Spoken verbal — — — O
Wrillen verbal Arable 22 — 15 — — 37

Spoken verbal Written verbal — 7 30 lO 47

Spokenverbal Arabic 20 — 28 — 48

[95] insteadof “nueve mil cinco” [9,005]; “seis noventay
una” [691] insícadof “seiscientosnoventay una” [691]),or
amixture of lexical andsyníacticalones (nuevoy seis” [new
ancA six] insteadof “novecientostres” [903]).In fact, in te
31 errorshe madewhen transcribingfrom arabicte written
verbal, therewere 27 syntactical-íypeerrorswiíb 17 of Ibe
errorsreflecting syntacticalerrersonly while tbe remaining
10 revealedbetb syntacticalancA writíen

In Table2, five Iypes of errors commiltedby J.T. are
brekendown by stimulusform and by responseferm.

An exaniinalionof J.T. ‘5 performanceon each of these
taskssuggeststhat JI. had difficulties writing numbersbut
net expressingthem orally. Furtbermore,bis problemsin
writing numbersin arabic form were different from these
he liad wilh written verbal ontpul. In arabie culpul bis errors
weremainly lexical in nature,buí in written verbalhis errors
were bothsyntacticaland graphemic.In the lask of spoken
verbalto written verbalconversion,he madefew syntactical
errors,becausehe enly hadte transcribete soundshe beard
into letters.

Other numericaltasks. Frem the previoustasks,it was
apparentthaI J.T.’s preblemswere in written output-precessing
tasks.Subsequently,severa]numericaltaskswere administered
to JI. in an attemptto definethe boundariesof the deficit.
Thesetasks included, (1) Arabic numeralte wriíten number
idenlity maíching,(2) Expressingqualiúes,(3) Readingaloud
and then writing arabicnumerals,and (4) Calculations.

1. Arabie numerallo written numberidentñymatching.
Ji was presentedwitb 40 pairsof stimuli. In each pair,
one arabic numeraland onewritten number(e.g., 10 and
ten, respectively)was sbown te J.T. whe indicatedwhether
the íwe stimuli were identical.Hall of the stimuli pairs were
identical (e.g., 28 -“veintiocho” [lwenty-eightjl, andhalf
weredifferent (“treinta y dos” [thirty two]- 36). Ihedifferení
pairs alí bad the samenumberof digits. Ten of the pairs
were madeup cf 1-digil figures, 10 2-digit ones, lO 3-digil
ones,and 10 4-digit ones.J.T.’s performanceon this task
was strongwiíh a nearperfect scereof 39 cuí of 40.

2. Expressingquantities. lo examineJ.T.’s ability to
expressquantilies,severaltrials were empleyedin whicb J.T.
was askedto ceuntte numbersof reund,red cardsdisplayed
ena table.Ihe numberof cardspresentedin eachtrial varied
from 1 to 30. JI. was insíructedte expressthe numberof
elementsin arabicnumerals,erally, andin written ferm. JI.
[‘mdno difficulties when expressingtbe quantityorally (30
corred out of 30 pessible, buíhe had treublewhenbe had
te expresstbem in verbalwriíing (24 corred eut of 30), or
whenusingarabic numerals(22 corred outof 30).

His errors were similar te tbose produced in Ibe
transformationlasks.Ihus, in arabicexpression,bis errors
were of Ihe lexical type (II insteadcf 12, 18 insteadof 19),
and in written verbalexpressientherewere two lexical errers
(“catorce” [feurteen] insteadof “doce” [twelve]), two
syntacticalenes(“siete” [seven]insteadof “sevenleen”
[seventeen]),enesyntactical,an omissienof enegrapheme
(“veintidós y cuate”insteadof “veinticuatro” [twenty-feur]),
andenetbat wasdifficult lo classify (“veinte y treinta”
[twentyand thirty] insteadof “treinta” [thirty]).

3. Readingalaud andIhen writing arabie numerals.In
erderte examinewhetberbis difficulties with numberswere
becauseof memory preblems,J.T. was askedte make a
deubletransfermatien,which requiredthe recail of numbers
afler a few secends.He was presentedwith 40 cards,each
with enepriníed arabicnumber(10 l-digit numbers,102-
digit enes, 10 3-digit ones,and lO 4-digit enes)te read
aleud; and,after eachcard wasremoved,he was instructed
te write it as an arabicnumeral. J.T. madeno mistakesen
this task (40 cerrectouí of 40), whicb indicatedhe was
capableof retainingte numbersin bis short-Iermmemery
(SIM); altbeugh,whenhe was direetedte write arabie
numeralsunderethercenditiens,he mademistakes.

4 Caleu/añoniiA seriesof wzitten operabonsof addition,
subtraction,mulliplication and division, usingarabicfigures
were presentedte J.T.

Whenaskedte perfermadditienswithoutcarrying,JI.
had few preblems,of 28 additienscf 1-, 2-, 3- arid 4-digit

25
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figures (e.g., 604 + 192), he failed only twice (both times
whengiven 3-figure additionpreblems).His perfermance
was, tberefere,practicallynorma]: 26 corred of 28. However,
wberx be liad te carry (cg., 685 + 829), he perfermed
considerablyless accurately(2/8), mainly becausehe did
not rememberthe carried numbers,or he carrieda larger
number(e.g., 385 + 427 = 912 insteadof 812).

Subtractienappearedte be moredifficult fer bim. When
tbe problemdid net requirea numberle be carried(e.g.,
795 -461), be scered16 corred eutof 32; butwhen he did
havelo carry (e.g., 761 - 495),bis performancewas always
incorrecí(0/16).His errorseccurredmainly wben the lask
was te sublracta greaternumberfrem a smallereneand
then berrow from a lOs or IGOs celumn(e.g., 591 - 322 =

278 insteadef 269).
In multiplicatien tasks,JI. was presentedwith a series

of preblemsin which a 1- te 4-digií numberwas multiptied
by a single-digitnumber(e.g., 761 x 8). His performance
was correcten enly 5 of 24 problems.His errorscensisted
cf applying ihe multiplication tableineerrectly(cg., 7 x 4
= 14), or addinginsteadof multiplying (3 x 9 = 12), or for
ciherreasonswhich we eould not verify ( 76 x 4 = 198).

Finally, for the divisien tasks,he was presentedwith a
dividend of eneto feur digits with a divisor wbich was
alwaysa 1-digit number (e.g., 736:4). JI. was able te
cerrectlyperform only 2 of 16 tríals.He madea variety of
mislakes.Semetimeshe said out leud ene figure and wrete
anether,although neitherof Ihem was Ihe right ene; other
times, be omittedeneof the digits of the dividend (cg., 6:2
= 3, insteadof 36:2, he emitted the number3).

Writing. In erder te examinewhether J.I.’s wriiing
problemswere limited te nuniberseralso involved language,
we set him five writing tasks: (1) Wriiing dictaled words,
(2) Writing dictatednonsensesyllables,(3) Wriíing dxc narnes
cf pictures, (4) Writing letters,and (5) Sentencewriting.

1. Wriíing dicíaledwords. Of a list of 24 werds,alí of
tbem bisyllabic but with a different numberof letters,JI.
only wrcte 14 ccrrectly.Re mostfiequentenorwasconfusing
eneletíer so that the werdswere not only misspelledbut
generatednensensesyllablesin Spanish.Iii 7 of 24 werds
presented,1.1. madesubstitutiensof eneleiter for another
(“bunde” insteadof “mundo” [world],“lipro” insícadof “libre”
[bcokfl, lelter additiensin 2 (“tibe” insteadof “tic” [river),
“clero” insteadof “loro” [buí!]),andjust 1 omissien(“balco”
insteadof “balcón” [balccny]).His mistakesweresimilar te
tosehe madewhenwriting numbersin Ihe wriiten verbal
ferm and were becauseof a deficit in bis allographicsíage,
which is discussedin greaterdetail in a subsequenísection.

2. Wriíing dietatednonsensesyllables. With a similar
lisí of nonsensesyllables (crealedby changingeneletíer
frem each word in Ihe previcustask),JI. madesimilar
mistakes,but performedevenmore peorly (4 correctoutof
24). Mcst of bis errerswere also witb ene ertwe letlers.
He made 12 substitutiens(6 of wbieh were lexicalizations:
“tiempe” [time] insteadof “tienfo”; “plato” [dish] instead

of “pIaba”), 3 addilions (“rubo” insteadcf “ruo”). and 5
errorsthaI weredifficult lo classify, as they boce little

resemblancete tbe target (“haro” insteadof “gapel”).
3. Writing the namesofpictures. In erderte examinethe

possibility íhatJIs writing errors werebecauseof apreblem
in discriminatingcertain phonemes(becausehis errers
consistedin letter substitutiens),he wasgiven a lhird writing
task. Ibis time, insícad of dictating tbe words, he was
presentedwith picturesand askedte write iheir names.He
only scored17 corred eutof 40, and his errerswere similar
lo those thaI he madein the twe previcuslasks: 14 letter
substitutiens,2 omissions,2 additions, 1 exchange, 1
incempleteword araltJireeerrerslhat were difliculí te classify.

4. Writing leíter& As J.T.’s writing errersalwayscensisted
of mistakingeneletíer fer anotherin a werd, 27 isolated
letters weredicíatedbr him te write. He only managedte
write 6 correctly.Iwice hewretea similar lelia (“u” instead
of “y”, and “e” insteadof “q”) and in Ihe elbercaseshe tried
te write completewords - alíheughhe only managedthis en
twe occasicas(“la ceta” insteadcf “z”, “ge” insteadof “g”,
as thaI is the way they are proneuneed).In Ihe othercases,
he wrete words which only slightly resembledIbe nameof
the letters(“vina” insteadof “b” er “lete” insteadof “1”).

5. Writing sentences.In order te examinewhetberpart
of JIs writing preblemswitb multi-digit numbeeswere
doc te SIM., seníencesformed by severalwcrds were
dictatedte him. Five sentenceswere dicíated, ah of them
with a subject-verb-ebjectsíructure,andwiíh five or six
words (cg., “El loro persigueal perro” [thebulí ehasesibe
dog]), astbis is Ibe averagelength of tbe four-digit numbers
with which he had so mueb treuble. JI. was Ietally
incapableof wriíing a completesentence.He generallywrote
the firsí wcrd correcíly and then madeup Ihe resí (cg.,
insteadcf “El toro persigueal perro” [the bulí chasesthe
deg], he wrote “El toro eqíarmino” [thebuil eqtarmino(no
transíatien)];insteadof “El ratón atacaal gato” [themeuse
aitacksIhe eat], be wroíe “Ratón tenermucho tiempo”
[Meuse lo haveplenty of time]). Obvieusly,memery-
limitations influencedbis performancebut cannotexplain
ihe factthai ihe phrasesused iii ihis iaskwere of a similar
length te those usedin the repetitienIask, in wbicb he
performedperfectly. Cerlainly, J.I. bad treublewriting,
wbich aflectednumberswhenhe hacA te expressthem in
werds,as well as languagein general.

Discussien

In ihe presentpaper,numberprocessingwas investigated
in a patient,JI., whe had suffered a CVA in tbe left
hemisphere.As a result of bis lesien,JI. censervedbis
cognitive and linguistic abilities relaiively well, buí had
serieus preblemsprecessingnumbersand perferrning
ariíhmeticaltasks.He also sbewedsevereSIM deficiís
whicb niade bis handlingcf numbersevenmore difficult.
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Ibis currenícircumstancewas evidentby bis performance
of addition and subiractionpreblems,in wbich he always
forgot Ibe numberhe bad lo carry. As we haveshown
throughoutthis paper,JI. ‘s prcblemswith numbersceuld
not be reducedte cnly a problemcf memory,but werealso
relatedte specifiepreblemsni numberprocessing.Ihe fact
that be ceuldrepeatsentencesccntaininga greaternumber
of words thanthaI of the numbers(whicb he was unablete
process)and,yet, bad ireublewitb numbersformedby jusí
twe words, favcrs Ibis inlerpretalien.Ibis view is also
supportedby the fact tbat ji’. could readaleud and ihen
wriíe dic correspondingarabic numeralsevenwith 4-digit
numbers( which havea lengthof al least feur words).

Ihe analysiswe bavemadeof this patient’scaseallews
uste posil a seriescf interestingIbeereticalconsiderations.
Firsí, ibis paiient’s perfermanceconlradictsthe anatomical
and funclional medelof numberprecessingproposedby
Debaeneand Cohen (1995)who describeda mecbanism
respensiblefer prccessingarabicnumeralsdial is represeníed
iii boxh hemispheres.(Mit patieníhad difficulties wiíh arabie
numeralsand yeí only bis lefí bemisphereappearedte be
damaged.As bis difficultics wereonly in output, enemight
speculatethat it is nol his visual arabicsystemwbich was
damagedbut the writien oulput wbich cculd be localized in
the lefí hemisphere.However, in this case,the arabicinput
sysíemwould have te be differentiatedfrom the cuíput
system,as in tbe model cfMcClcskey,Caramazza,andBasili
(1985),which makesa distinction betweenindependent
mechanismsof numeralcemprehensienandproductien.With
a separationof ibis kind, the inpul systemshouldbe situated
in boíb hemispberes(or only in the right hemisphere),
whereaste ouíput systemwould bein the lefí hemisphere.
It is preciselytbe dissociaticnsanddeubledisseciaíiens
betwcenpatienisand tasks,which allewus te separateIbe
cognitive and anatomicalcomponenísof Ihe precesseswhich
lake pafl in numberprocessing.

Main Dissociaíions

Ibe primary purposeof Ibis researchwas lo analyzete
dissociationsexhibited by JI. within tbe framewerkof
existingmodeis.BecauseJIs preblemswith nurnbersare
very specific, [hedissociatienshe shewsare varied, and some
cf tbem havenct beenreportedpreviously.Ibesedissociaticns
have not been included in the previous discussicnof
disseciatienstiiat flt existing modelsof te cognitive processes
underlyingnumberprecessing.Iberefore,te details of these
new dissecialionsare discussedin tus section.

le begin wit, a critical dissociationshown by JI. was
bctweenarabicnumeraland linguistic processing.Althougb
he baddifficulties in botb activities, thesetasks are cf a
different nature.Forexample,wbenwriting arabicnumerals,
he predominantlymadelexical errors(alsoreductionerrers,
prebablybecauseof mernory difficulties) in writlen verbal

outputwhereasbis errors(besidesgeneralwriting problems)
were mainly syniactical.Ibis disseciationbetweenarabic
numeralsancA languageis not new, as it hasbeendescribed
en previcuseccasíons(Andersenel al., 1990; Bensen&
Denckla,1969; Rosserel al., 1995),buí ihis caseaddsanetber
pieceof information.Jis dilficulties fl~j~j only preduction
and,more specifically, written production.Anctber clear
dissociationJI. revealedwas betweencomprehensionancA
production,becausehe could read numbersbut hacA problems
in producingthem. Specific problemsin writing arabic
numeralshavebeenreportedover 60 years age(Singer&
Low, 1933). One of tbe most well-known casesis tbat
reponedby McCloskeyel al. (1985) in which Ibe patient
readnumberscorrectly wbetberpresentedin arabicor verbal
form andyel badproblemswriting tbem in arabicform.
Mere recently,patientsdescnibedby Cipoloiti et al. (1994),
andby NOeI andSeron(1995), reportedlybavebacA problems
writing arabicnumeraisdespitehavinglittle treublereading
Ihe words.AIí thesepatients(aswell as JI.) exhibiled a
deubledissociatien.However,te patienisreponedby Benson
and Denckla(1969), NOeI and Seren(1993), ancA Cipelotti
(1995), sufferedtbe oppesiteproblembecausetbey bacA
problemsunderstandingarabicnumeralsbuí could produce
themcorrecily.

Wilbin the preduction system, anether interesling
disseeiatienpreducedby JI. was that betweenarabicand
verbaloutpuls.Ibe relaiionshipbetweentbesetwe cutputs
has beenwell documentedby Deloche ancA Seron(1982)
ancA Serenand Deloche(1983). Seronand Deloche(1987)
suggestedthaI arabic outpui must be easiertban verbal
outpul, as a group cf apbasicpatientsthey bacA studiedfeund
it casier te write in arabic numerals.But cric must net
everlookIhe fact that thesepatientswere apbasicand thai
Iheir greaterdiff¡cullies with verbalmaterialwereexpected.
In te caseof our patient,3.1., theproblemswere witb arabie
production,indicating thai u wasnet simply acaseof greater
difficulty wilh verbal productienbuí rathcr different
prcccsseswhicb may havebeendamagedindepcndently.In
fact, JI. exhibiteda deubledissociaiionas comparedwith
te Wemickeaphasiepatient cited by Serenand NOeI (1992),
whe couldwrite numbersin arabicfcrm buthacA difficulties
expressingthem in Ihe verbal wrilten ferm, in ccnlrastte
.1.1. whe wretenumbeisin verbalform but liad difliculties
writing them in arabicform.

A third dissociationwas ebservedin JI.‘s produclion
of written verbal ancA spokenverbaloutputsat the lexical
level. IbepatientsH.Y. (siudiedby McCloskcyet al., 1986)
and J.S.(studiedby McCloskey,Caramazza& Goedman-
Shulman , 1990) hacA more severeprcblemswith speken
verbaloutput tban wiíb written verbaloutpuí. Ourpatiení,
JI., as well as Ibe patient repertedby Macarusoet al.
(1993),hewcver,had moresevereproblemswith written
verbaloutput iban wilb spekenverbalproduction.

Apart from Ihesedisscciations,which are of theorctical
interest,thc results observedin cur patiení allow for finer
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dissociationsbetwcendxc modulesthat mateup dxc different
outputmodalities.Por example,a very interestingdissociatien
was tbat found witbin thearabic productiensystembetween
its lexical ancA syntacticalcempenenís.Whcreascur patiení,
JI., exbibited some lexical difficulties when lranscoding
arabic numerals,lEe casesof VO. (reportedby Caramazza
& McCleskey, 1994) andof DM. (reportedby Cipolotíi el
al., 1994) presentedprimarily syntacticaldifficulties in arabic
numeraleutput. Botb VO. ancA DM. exhibited a single
dissociation in centrasí to JI.’s deuble-dissociation
productien.Ihesebehaviorslcd us te censidertbe lexical
ancA syntacticalprocessesof ihe arabicoutput asindependení.

In addition, censiderihe dissociationebservedbetween
lexical and syntaclicalprocesscsin verbal eutput. Ibere
have alreadybeenreporís of some patients showinga
dissociatienbetweenlexical andsyntacticalprocessesof
oral eutpul. McClcskey el al. (1990) reportedone case
(JE.) wiíb a syntactical leve! diserderand anoiberene
(Al.) with a lexical disorder. A similar processprobably
occursin dic writtcn verbalexpressionoutput,hecauseilie
patientsJE. (studiedby McCloskey et al.) ancA our ewn
hadpreblemsal the syníacticallevel, wbereastbe paliení
PH. (studiedby Macarusoel al., 1993) presentedpreblems
at tbe lexical level.

A final considerationis tbedissocialionof thesyníactical
aspectsof spckenverbal ancA writtcn verbal output. Ibis
disseciation is particularly netewcrthy because,as In
McCloskey’s medel (Macarusoet al., 1993; McCloskey,
1992; McCleskey& Caramazza1987; McCloskey ci al.,
1985;McCleskeyet al., 1986; Sckol & McCloskey, 1988),
the synlactiealcomponeníis prepesedte be a common
mechanismfor both spckenancA written output which
indicatesthat if a patieníbassyntacticalproblems,he or
she sbeuldreveallhem in both medalities.Mc Closke>~s
support for bis medel is previdedby the Sokel ancA
McClcskey (1988) patiení, J.S., who hacA syntactical
prcblemsboth in eral ancA written eutput,buí bad lexical
prcblemsenly in oral production, which lead them te
suppesethat ihe syntacticaleomponentis comrnonand Ihe
lexical ene specific. Hcwever,cur patient,J.I., shows
syntaciicalproblcms in writing buí net in oral language,
which suggeststhat thereare separatesystemsinvolved. Por
instance,altheughJI. canexpressperfectly arabicnumerals
erally, suchas 691 (seiscieniesnoventay uno) ancA 4700
(cuatromil setecienlos),when he was instructedte write
them,be madesyntacticalmistakes(seis noventay une Lsix
ninety-one] andcuatrosetentay cero [feur sevcníyancA
zere]).In many cases,it is assumedthat teseerrorsdenol
rcflect SIM preblemsbecauseno numberis omilted but
rather they are simply incorrectly combined.

It is our opinien that the observationsbasedupentbe
performancecf cur patient,JI., effersan important piece
in te difticult task of ccmpletingte puzzle of ibe cegnitive
processestbat iniervenein numberprccessing.Ibe findings
suggestsevera!restrieíionswhcn confrentedwith Ihe lask

of creatingan explicative numericalprocessingmodel. Ibe
most importantenesare (a) the dissociationbetwcenIhe
lexical ancA ihe syníacíicalcomponentin ihe arabic numeral
production ancA (b) the separationof the syntactical
cemponeníin the writíen ancA spokenverbaloulputs.

Adjustmenttú theModels

Wc sball new examinebew tbesedisseciaticnscanbe
interpreiedby ibe main models of numberprocessing.

As we indicatedpreviously in McCloskey’s model
(Macaruso et al., 1993; McCloskey, 1992; McCleskey&
Caramazza1987; McCloskey ci al., 1985; McCloskey ct
al., 1986; Sokol & McCloskey, 1988)emphasisis placed
en a singularsyntaciiccomponeníin the verbal production
sysiem common te bolb the writíen andspoken forms.

Consequently,in orderle explainthe syntacticaldifficuliies
exhibited by JI. when wriíing words for numbers,even
thougb he liad no treublenaming themora!ly. dic McCloskey
model weuld needte be revisedte inclucAe two cemplele
verbal preductionsystems,eneoral ancA enewrilten, both
pcssessinglexical andsyntacticalcemponenís.With tbis
small extensien,tbemodel could accountfor JIs difficulties
perfectly. Iheobserveddeficit wculd be locatedin ihe arabic
lexical output ancA in the verbalwrilten syntacticaloutput.

CipeloltismocAd (1995) would also require the addition
of a new compcnentte explainJIs dala. Ihis modeldoes
envisagea verbalproductionsystemwitb both ccmponents,
lexical ancA syntactical,but enly makesspecific referencete
spokenlanguage.It weuld, iherefore,be necessaryto add
anolhersimilar componen for writlen language(andof
course,anolherfer arabicnumerals).With thesecbaracteristics
addedte Cipclotti’s model, Ihe explanationwould be similar
te that offered for the revisedMcCloskey mocAd (even
though, in this case,tbe ascmanticreuteappears).

For DelecheancA Seroris mocAd ([982, 1987) te apply
te ihe caseof JI., an additienalquestienmustbe takenmio
consideratienbesidestbe distinctionsbetweenlexical ancA
syntacticalcomponenís.Ihe fact íhaí JI. committedihe
samekind cf mistakesin ibe transcodificaiiontasks (from
verbalte writíen) and in the iasks wherc thc input is tbe
meaning(lo expressquantities),impliesthat dic mechanisnis
at work in beíb tasksare probablythe same.Onepossible
explanationis thai ihe task of expressingquanlitiesin writing
is accemplisbedthrougb verbal mediatien;thai is, the
quantitieswould first be expressedin verbalform, ancA then
dic transcodificatienalgerithm would be appliedfrom verbal
te arabic in somecases,ancA to writing in others (NOeI &
Seron,1995).

AII in alí, we may concludethat, with the suggested
additiens le tbe different models, a merecompletemodel
thai includesalí the disseciatiensdescribedin this paper
would include ibe charactcrisíicsof thc one that appearsin
Figure 4.
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ASEMANTIC ROUTES:

1. cepy(arabicte arabic)
2. arabicnumeralte spekenname
3. arabicnumeral lo writlen name
4. spokennamete arabicnumeral
5. repetition

6. phonelogyte crthograpby
7. writíen namelo arabicnumeral
8. orthograpbyte phonology
9. copy (erthograpbyte ortbegrapby)

426

+

426

Figure 4. ProposedModel.
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As depicied in Figure 4, asernanlic reutes are
representedby a broken Ene, becausein this paperno

suppcrtingevidencehasbeenferthcoming..However,ibere
appearste bea fair amountof datatbat hasbeenreeently

publisbedby SeronancA Nócí (1995)wbicb challengeIhe
asemanticreulehypcthesis.In fact, tbe explanalienof our
patient’sproblemwould be simpler wiíhout ihe existenee
cf asemaníicreutes, simply propesingthai Ihe deficil is
in Ihe lexical cempeneníof Ihe arabic systemand ja ihe
syntactical eneof the verbal written output (such as we
havedescribed).lo assumethe existenceof Ihese reules
would require ihe suppositionthai Ihey, toe, are damaged;
although a pessibleexplanationthai allewsboth reuleslo
be preservedis thaI tbe activation of eneinhibits ihe use
cf ihe cíher, as Cipcletti (1995) maintains.la any case,
we do not havesufficientdata in Ihis rescarcbte address
Ihe questienof whetherasemanticreutesarenecessaryor

nct.
In tbe model presentedin Figure 4, JIs difficulíies

weuld be lecatedin the follcwing ibree processes:
1. In the arabic output lexicon: As JI. ‘s errors when

writing arabic numeralsare mainly of the lexical type, we
are ¡ej te believe íhat bis deficiency lies in an output
lexicon tbat is specific to arabicnumeralsbecausehe has
no preblemsproducing lexical ferms in other outpul

modalities.
2. Itt the voritíen ouíput syntax: WbenJI. has le write

a numberusing wordshe makesmanysyníacíicalmisiakes,
whicb indicatesthat he haspreblemswiib reírievingnumber
wriíing rules. Wc proposetbat tbeserulesare specific te
writing numbersin ihe verbal form, as no similar errers
appearin writing arabicnumerals,er in ibe eral produclion

of verbal numbers.
3. In Me alíograph recoven’system:Anotherproblem

tbat appearsin JIs wriiing of numbersin verbal ferm

(anó tliis applieste any kind of writing, including wcrds
ancA nonsensesyllables), is thai of the confusion of
graphemes.Ibis difficuliy appearsin a later síageihan
the lexical ene, iii whaí Ellis (1982) referred te as
“allographretrievalin wriíing” ancA se it would appearin
any wrilten prccluction,be u wcrds, nonwords,or numbers
in verbal ferm.

In sberl, thepatiení describedin Ibis study exbibits
sorne interestingdisseciatienswhen comparinghis own

perfermancesen variousIasks ancA wben cemparedwiih
ciberpatients,which cannelbe explainedby currentnumber

prccessingmodeis. Ihe mala dissociaticasare betweea
lexical and syntactical processesin arabic outpuI ancA
beíweenspokenverbal ancA writíen verbaloutputsat tbe
lexical leve!. Ihesedalaare nol contemplatedby existing
medelsbuí can be explainedwith the mode! we have
proposedin Figure 4, whicb incorporatessemanlicancA
ascmanticreulesinto the sameframeworkancA which draws

a disiinction beiweenlexical andsyniactic componentsIn
arable, spekenverbal,ancA written verbal systems.
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