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W e re po rt th e re ad in g perform an ce of an acqu ired d ys lex ic and d ysg ra ph ic

w h ose im p aired spe lling had p rev io us ly b een sh ow n to resu lt fro m d am age to

th e g ra ph em ic b uŒer . T h e an a ly sis o f th is p atien t’ s e rro rs in re ad in g

p seu d ow o rd s in d ica te s th a t th is de ® c it m ay also be large ly attr ibu tab le to

d am age to a co m m o n grap h em ic b uŒer w h ich is u se d bo th in re ad in g an d

sp elling w ords and pseu do w o rd s. T he cruc ia l evid en ce in favou r o f th is

h yp o th esi s is the su b sta n tia l p re sen ce o f lette r tra nsp os itio n erro rs in re ad in g

and sp ell ing .

INTR ODUC TION

O n one po in t there is w ide agreem en t am ong theoretical accounts o f the

processes that underlie our ab ilities to read and to spell: B oth tasks are

assum ed to invo lve the com putation of a represen tation that speci ® es

the sequence of graphem es or abstrac t letter iden tities that com prise the

to -be-read or to -be-spelled w ord . Thus , for exam ple , it is typ ica lly

assum ed that early processes o f the read ing system abstract aw ay from

the deta ils o f the v isua l stim ulus to com pute a graphem ic represen tation

(or abstract letter iden titie s) that serves as input to the lexica l-

orthograph ic recogn ition system (e.g . A dam s, 1979 ; B esner, 1983 ;

C aram azza & H illis, 1990 ; C o ltheart, 1981 ; M cC lelland & R um elhart,

1981 ; M onse ll, 1987; R ayner & Pollatsek , 1987 ; SaŒran , 1980). A nd , in

the case o f spelling , it is assum ed that a graphem ic represen tation Ð
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w hich is e ither accessed from the orthograph ic (output) lex icon or

assem bled from a sub lex ica l phono logy-to -orthography conversion

procedure Ð serves as inpu t to m ore periphera l processes for ora l or

w ritten spelling (C aram azza, M iceli, V illa , & R om ani, 1987; E llis, 1988 ;

H oughton , G lasspoo l, & Shallice, 1994; K ay & H anley , 1994 ; M argo lin ,

1984 ; W ing & B addeley, 1980). T o be sure , there rem ain im portant

theoretica l disagreem ents concern ing the structure and organ isation of

graphem ic represen tations, but these w ill no t be pursued here (for

d iŒerent hypotheses about the structure o f graphem ic represen tations in

spelling see C aram azza & M ice li, 1989 , 1990 ; C ubelli, 1991; Jonsdottir,

Sha llice, & W ise, in press; K ay & H anley , 1994; M cC loskey , Badecker,

G oodm an-Schu lm an , & A lim inosa , 1994 ; T ain tur ier & Caram azza , in

press; and for read ing see Prinzm etal & M illis-W right, 1984 ; R app ,

1992 ; Seidenberg, 1987; T reim an & C hafetz, 1987). Instead , w e w ill be

concerned w ith the relatively genera l issue of the ro le of graphem ic

represen tations in read ing and spelling , side-stepp ing the tho rn ier

question of the exac t nature o f these represen tations. For presen t

purposes, it w ill be enough to assum e that graphem ic represen tations

specify, am ong other prop erties, the identity and the order o f the

graphem es that com prise the spelling of the visual stim ulus to be

recogn ised or of the w ord to be spe lled . W e w ill fu rther assum e that

these representations are tem porarily he ld in a buŒer
1
Ð th e graphem ic

buŒer Ð in prep aration for subsequent processes. In th is report, w e

exp lore the ro le o f the graphem ic buŒer in read ing through the ana lysis

o f the perform ance of an acqu ired dyslex ic/dysgraphic.

A num ber of recen t stud ies o f patien ts w ith acqu ired co gn itive d isorders

have provided ev idence co ncern ing the ro le o f the graphem ic buŒer in

1
A b u ffe r co m p o n en t in a co g n itiv e a rch ite cture h a s ty p ic a lly b e en u n d e rstoo d to b e a typ e

o f w o rk ing m em o ry sto rag e sys te m Ð a sto rag e sp a ce o f lim ite d ca p a city in w h ich in fo rm a tio n

is te m p o rar ily h eld in p rep a ra tio n fo r fu r th e r p ro c ess ing (e .g . th e v isu o -sp a tia l sk etc h p a d o r

th e a rtic u la to ry lo o p ; fo r d iscu ss ion se e B a d d e ley , 19 86 ). H o w ev er , w e co u ld a lso th in k o f

b u ffe r co m p o n en ts as th e te m p o ra ry a ctiv a tio n fu n ctio n s o f rep re sen tatio n s a t sp e ci ® c lev e ls

o f p ro c ess ing . In th e latte r ca se, th ere is n o a ssu m p tio n ab o u t a sep a ra te s to ra g e sp a ce in

w h ich rep resen ta tio n s a re tem p o ra rily h e ld (s e e M o n se ll, 19 84 , fo r d iscu ssio n o f th is

a ltern ative v iew ). T h u s , w e co u ld assu m e th at o n c e a rep re sen ta tio n h as b e en ac tiva te d (o r

co m p u te d ), it rem a in s a ctiv e fo r a b rie f p er iod o f tim e d u rin g w h ich it ca n b e u sed b y o th e r

p ro ce ssin g m ech an ism s. F o r ex a m p le , w e can th in k o f th e lex ica l-g ra p h em ic rep re sen ta tio n

a ctiv a ted in th e co u rse o f sp e lling a w o rd as rem a in ing te m p o rar ily ac tiv e w h ile a llog rap h ic

p ro ced u res a re ap p lied seq u en tia lly to co m p u te th e v isu o -m o to r p atte rn s th a t a re u sed to

g u id e w ritin g p ro ce sses . S im ila rly , in sp e lling p seu d o w o rd s , w e co u ld a ssu m e th at th e

g rap h em ic p a tte rn s co m p u ted b y th e p h o n o log y-to -o r th o g rap h y co n v ers ion p ro ced u res

rem ain te m p o ra r ily a ctiv e in p rep ara tio n fo r su b seq u en t, m o re p e rip h era l p ro c esse s. A

s im ila r set o f a rg u m en ts co u ld b e o ffe red fo r re a d ing . H e re w e w ill n o t d is tin g u ish b etw een

th ese tw o p o ss ib le in te rp re ta tio n s o f th e gra p h em ic b u ffe r .
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spelling (C aram azza e t a l., 1987 ; H illis & C aram azza , 1989 ; Jonsdottir et

a l., in press; K atz, 1991; K ay & H anley, 1994 ; M cC loskey e t a l., 1994 ;

M iceli, S ilveri, & C aram azza , 1985 ; P iccir illi, Petrillo , & P oli, 1992 ;

Posteraro , Z inelli, & M azzucch i, 1988). T w o se ts o f issues have been

addressed : (1 ) the patterns o f co -occurrence of im pairm ents across spelling

tasks, and (2) the patterns o f error types. S ince the function of the buŒer is

to ho ld tem porarily the graphem ic represen tations com puted by the lexica l

or sub lex ica l phono logy-to -orthography conversion com ponents in pre-

paration for subsequent, m ore peripheral spelling processes (e.g . a llo-

graph ic conversion), dam age at th is level o f the system shou ld aŒect a ll

spelling tasks and all types o f stim uli equa lly
2
. Thus , the sam e types o f

errors shou ld be prod uced across a ll spelling tasks and all types o f stim uli.

F urtherm ore, dam age to the graphem ic buŒer shou ld resu lt in the loss o f

graphem ic in form ation and , consequently , shou ld lead to errors char-

acterised by orthograph ic dev iation from the target response (and shou ld

not be exp licable by appea l to lex ica l, sem antic, o r phono log ica l

princip les). A s a lready noted , a num ber of patien ts have been reported

w hose perform ance has been used not on ly to support the hypothesised

ro le o f the graphem ic buŒer in spe lling but a lso as the basis for

articu lating speci ® c hypotheses about the structure o f graphem ic repre-

sen tations in spe lling .

T w o types o f issues arise if w e assum e that in read ing , as in spelling ,

one stage of pro cessing invo lves the com putation of a graphem ic

represen tation that is tem porarily held in a buŒer in preparation for

subsequent processes. O ne set o f issues concerns the k ind of

consequences for read ing perform ance that are expected to fo llow

from dam age to the graphem ic buŒer. F or exam p le, shou ld lex ica l status

(w ord vs. pseudow ord) aŒect read ing perform ance? W hat k inds of errors

are expected to occur? A re d iŒerent error types expec ted for d iŒerent

types o f stim uli? A nd so on and so forth . T he other m ajor issue

concerns w hether the hypothesised graphem ic buŒer invo lved in read ing

is the sam e or a diŒerent m echan ism from the one im plica ted in the

spelling process. Thus, for exam ple, w e cou ld ask w hether patien ts w ith

putative dam age to the graphem ic buŒer in spelling are a lso necessarily

im paired in read ing .

O ne possib ility is that the graphem ic represen tations com puted in

read ing and in spelling are held in a com m on buŒer and that, there fore,

dam age at the level o f th is com m on m echan ism w ould im pair perform ance

2
B y co n tras t, se le ct iv e d am ag e to a n y o th e r co m p o n en t sh o u ld re su lt in a d isso cia tio n in

p er fo rm a n ce b etw een sp ellin g ta sk s o r typ e s o f s tim u li; fo r ex a m p le , d a m a ge to th e

a llog rap h ic co n v ers ion m ech a n ism sh o u ld re su lt in im p aired w r itin g p er fo rm an ce in th e

co n te x t o f sp a red ab ility to sp e ll o ra lly .
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in both tasks
3
. H ow ever, the speci ® c fo rm s that the im pairm ents w ou ld

take in read ing and in spelling shou ld diŒer because of the d iŒerent ro les

graphem ic represen tations p lay in the tw o tasks. In spelling , graphem ic

represen tations serve as input to processes for the seria l conversion of

ind ividu al graphem es in to m odality-spec i ® c fo rm s for output Ð letter

nam es in ora l spelling and letter shapes in w ritten spelling . By contrast,

in read ing , graphem ic represen tations serve as inpu t to w ord recogn ition

processes that are app lied in para llel over the entire graphem ic string . If

dam age to the buŒer w ere to interac t d iŒerently w ith those processes that

invo lve serial (spelling) from those that invo lve para lle l pro cessing

(read ing) o f the graphem es held in the buŒer, w e w ould expect dam age

to th is m echan ism to have d iŒerent consequ ences for read ing and for

spelling (to be discussed later).

Support for the hypothesis that a com m on graphem ic buŒer is used

in read ing and in spelling com es from the perform ance of N G

(C aram azza & H illis, 1990). The patien t show ed neg lec t for the righ t

ha lf o f v isua lly presen ted w ords (and ob jects) fo llow ing dam age to the

le ft parietal w hite m atter and the left an terior basa l gang lia . O f

particu lar relevance is the fact that in read ing she system at ica lly m ade

errors on the righ t ha lves o f w ords, irrespective o f the ir length and of

their topograph ic arrangem ent (horizontal, vertica l, o r m irror-reversed ).

T hus, for exam ple, she read the horizon tally presen ted stim ulus hound as

``house,’ ’ she read the vertica lly presen ted stim ulus v ivid as ``viv ian ,’ ’ and

she read the m irror-reversed stim ulus com m on as ``com et
4
.’ ’ The fact

that N G ’ s read ing perform ance rem ained invarian t under topograph ic

transform ations of the stim uli im p lies a de ® c it in process ing at a level o f

represen tation that has abstrac ted away from the physical details o f the

stim ulus. T h is and other properties o f N G ’ s perform ance w ere taken as

ev idence for the hypothesis that her im pairm ent arose from dam age at a

leve l o f processing at w h ich graphem ic in form ation is represen ted Ð the

graphem ic buŒer.

C onsisten t w ith the v iew that a com m on graphem ic buŒer is used in

read ing and in spe lling , it w as a lso foun d that N G m ade spe lling errors on

the righ t ha lves o f w ords irrespective of their length and of the m odality

3
T h e co n tras t b etw een a s ing le v e rsu s d is tin c t inp u t a n d o u tp u t gra p h em ic b u ffe rs fo r

re ad in g a n d sp e lling is an a lo go us to th e co n tras t b e tw een a s ing le vs . sep a ra te inp u t a n d

o u tp u t o rth o g rap h ic le x ico n s (o n th e la tte r co n tra s t se e A llpo rt & F u n n e ll, 19 8 1 ; C o lth ea rt &

F u n n e ll, 19 8 7). H o w ev er , th e tw o issu e s are o rth o g o n al: W h a tev e r w e d e cid e fo r th e

g rap h em ic b u ffe r w ill h av e n o co n seq u en ce fo r th e o rga n isa tio n o f th e lex ic a l sys te m .
4
T h e fo llow in g co n ven tio n s are o b se rved th ro u g h o u t th is p ap er . W ritte n s tim u li a n d

w ritte n resp o n ses are rep o rt ed in ita lic s. A u d ito r ia lly p resen ted an d o ra lly p ro d u c ed w o rd s a re

in q u o ta tio n m ark s . O ra l p seu d o w o rd s a re tran sc r ib ed p h o n e tica lly , a n d a re rep o rte d b etw een

s la n te d lin e s.
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(w ritten or oral spelling) and ord er (forw ard or backw ard spelling) o f

output. T hus, for exam ple, she orally spelled ``career’ ’ a s c-a-r-r-e-d and

w rote ``sneeze ’ ’ a s sneed ; in backw ard spelling she pro duced i-s-b -r-a-g

(garbsi) for the stim ulus ``garbage .’ ’ In add ition , N G ’ s spelling per-

form ance was m ostly unaŒected by lexica l sta tus (w ord vs. pseudow ord)

and lex ical fac tors such as frequency , gram m atica l class, and concreteness;

and her spelling errors principally consisted of dele tions, add itions, and

substitu tions o f letters. T hese features o f N G ’ s spelling perform ance are

consis ten t w ith the hypothesis that her im pairm ent in spelling is the resu lt

o f a spatia lly-spec i ® c de ® c it in processing inform ation at the level o f the

graphem ic buŒer. F urtherm ore, the fact that qua litative ly sim ilar patterns

o f de ® c its w ere observed in read ing and in spelling Ð in both cases a

spatia lly-speci ® c de ® c it in processing graphem ic represen tations Ð inv ites

the hypothesis that a com m on graphem ic buŒer is im plica ted in these tw o

tasks.

N ot all aspects o f N G ’ s spelling perform ance were qua litatively or

quantita tively sim ilar to her read ing perform ance. In fact, there w ere

im portant d iŒerences in perform ance betw een the tw o tasks. Thus, in

spelling N G w as rough ly equa lly accurate in respond ing to w ords (33% )

and pseudow ords (21% ), but in read ing she responded far m ore accurately

to w ords (89.3% ) than to pseudow ords (29 .4% ). A nd in term s of error

types, N G ’ s spelling errors to both w ord and pseudow ord targets resu lted

in orthograph ica lly re lated pseudow ords (e .g . ``jury’ ’ jurd ; ``skart’ ’

skarr), bu t in read ing m ost o f her errors to both w ords and pseudow ords

w ere v isua lly sim ilar w ord responses that diŒered from the stim ulus on ly

on the righ t ha lf (e.g . hum id ``hum an ’ ’ ; aftes ``after ’ ’ ).

A s anticipated , the observed d iŒerences in N G ’ s perform an ce in read ing

and spe lling can be accounted for by the d iŒerent ro les p layed by the

graphem ic buŒer in the tw o tasks . In read ing , but not in spe lling , the

graphem ic represen tation he ld in the buŒer is processed in para lle l to

activate stored lex ica l represen tations. Thus, N G read w ords better than

pseudow ords because even though she cou ld not process the righ t ha lf o f

w ords norm ally , the left part o f w ords (but not o f pseudow ords)

frequently conta ined su� cien t in form ation to activate the correct lexica l

response. T hus, for exam ple, confronted w ith the stim ulus e legant N G had

a h igh probab ility o f produc ing the correct response: The sequence of

le tters eleg . . . strong ly inv ites the response ``e legant.’ ’ H ow ever, in read ing

pseudow ords (e .g . dronkle) there are no such constrain ts on correct

perform ance Ð in form ation on the left ha lf o f a pseudow ord (e .g .

dron . . .) in no w ay determ ines the identity o f the rem ain ing letters in the

stim ulus.

T he hypo thesis o f a de ® c it to a com m on graphem ic buŒer a lso accounts

for the fact that m ost o f N G ’ s errors in read ing w ords and pseudow ords
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w ere incorrect w ord responses, whereas m o st o f her errors in spelling

w ords and pseudow ords were incorrec t nonw ord responses. In read ing , the

norm ally processed left part o f a w ord or pseudow ord can lead to the

activation of an incorrec t entry in the input lex icon . T hus, for exam ple,

g iven the stim u lus w ord elevation , the letter sequence eleva . . . activates the

lexica l en tries ``elevation ,’ ’ ``e levator,’ ’ ``elevated ,’ ’ etc., creating the

possib ility for a lex icalisa tion error; sim ilarly , the sequen ce of letters

dron . . . in the pseudo w ord dronkle activates the lexica l en tries ``drone,’ ’

``drones,’ ’ ``droner, ’ ’ ``dron ish ,’ ’ etc., a lso creating the possib ility for a

lexica lisa tion error. In w riting , because graphem es are processed for

output seria lly , the spared le ft part o f a represen tation can on ly lead to

local constra in ts on the selection of speci ® c allographs. T hus, the

expecta tion is that spe lling errors shou ld consis t prim arily o f incorrect

nonw ord respo nses.

F ina lly , a buŒer de ® cit can a lso account for the fact that w ord

frequency aŒected N G ’ s perform ance in read ing but not in spe lling . T he

contrasting eŒects arise because of the d iŒerentia l roles p layed by w ord

frequency in processing graphem ic represen tations in read ing and in

spelling . In read ing , graphem ic represen tations are used to access lexica l

orthograph ic representations Ð a process that is sensitive to the frequency

of lex ical represen tations; in spelling , graphem ic represen tations are used

to com pute letter form s (for w ritten spelling) or letter nam es (for ora l

spelling) Ð p rocesses that concern on ly loca l graphem ic properties and not

lexica l factors such a s frequency .

T he hypothesis o f dam age to a com m on level o f graphem ic represen ta-

tion for read ing and spelling oŒers a p lausib le account for N G ’ s

perform ance. A n im plication of th is hypothesis is that if a patien t’ s

spelling de ® c it w ere assum ed to arise from dam age at the level o f the

graphem ic buŒer, we would a lso necessarily expect the patien t to presen t

w ith correspond ing d i� cu lties in read ing . Th is expecta tion has been

con ® rm ed in the perform ance of a patien t, LB , w hose acqu ired dyslex ia

and dysgraph ia are, in relevant respects, very sim ilar to N G ’ s. H ow ever,

the exp lanation that has been g iven for th is patien t’ s co -occurring

im pairm ents in read ing and spelling is a t variance w ith the account

proposed for N G : A lthough L B ’ s spelling im pairm ent has been described

as resu lting from dam age at the level o f the graphem ic buŒer, his read ing

im pairm ent w as not attribu ted to the sam e cause.

L B ’ s im pairm ents in read ing and in spelling have been analysed in great

deta il and have been the sub ject o f severa l reports (C aram azza & M iceli,

1990 ; C aram azza , M iceli, S ilveri, & Laudanna, 1985 ; C aram azza et a l.,

1987). L B has a m arked de ® cit in spelling both w ords and pseudow ords.

H is spe lling perform ance is in ¯ uenced by stim ulus length , but not by form

class, frequency , or concre teness; m ost spe lling errors resu lted in

678 C AR AM AZZA, C AP ASSO , M IC ELI



nonw ords. In read ing , L B responded m ore accurately to w ords (97.1%

correc t) than to pseudow ords (57.7% correct), and h is errors consisted

m ostly o f incorrect word responses. T he qualita tive features o f his pattern

of perform ance in read ing and spelling are sim ilar to those described for

N G (except for the righ t-sided neg lect). H ow ever, LB ’ s dysgraph ia and

dyslex ia w ere acco unted for by pos iting two independent form s of dam age

for the tw o de ® cits. L B ’ s dysgraph ia was ascribed to a de ® cit a t the level

o f the graphem ic buŒer , as was N G ’ s; but, un like N G , the m arked

d iŒerence in h is read ing perform ance for w ords and pseudow ords w as

accounted for by hy pothesising dam age to sub lexical, orthography-to -

phono logy conversion (O PC ) procedu res, wh ich are assum ed to be

im plica ted selec tively in pronou nc ing unfam iliar letter strings (B eauvo is

& D erouesneÂ , 1979 ; C o ltheart, 1985). T hus, the seem ing ly identical (in

relevant respects) pattern of perform ance in read ing and in spe lling in the

tw o patien ts w as g iven a un itary exp lanation in one case (N G : dam age at

the level o f graphem ic represen tations both in read ing and in spelling) but

not in the other (L B : dam age at the level o f graphem ic representations in

spelling and dam age to O PC procedu res in read ing).

C an this apparent contrad ic tion be reso lved ? O ne w ay out o f the

im passe w ou ld be to sho w that one of the tw o interp retations is w rong.

T hus, for exam ple, closer inspection of LB ’ s perform ance m ight lead us to

conclude that C aram azza et a l. (1985) were w rong in interp reting h is

read ing im pairm ent as the resu lt o f dam age to O PC procedures and that in

fact, like N G , h is reading prob lem has the sam e cause as h is spelling

d isorder Ð dam age to the graphem ic buŒer in both cases. If th is w ere the

case, w e w ould con ® rm the hypothesis that read ing an d spelling im plica te

a com m on graphem ic buŒer w hich , w hen dam aged , necessarily resu lts

both in de ® c its o f read ing and of spelling
5
. A lternatively , w e m ight dec ide

that it is C aram azza and H illis (1990) w ho w ere w rong in conc lud ing that

N G ’ s read ing and spelling de ® c its have a com m on cause, thereby

underm in ing the m otivation for hypothesising the ex istence of a

com m on graphem ic buŒer used both in read ing and in spelling. In the

latter case, the fact that L B ’ s spelling de ® c it w as in terpreted as resu lting

from dam age to the graphem ic buŒer (for spelling) w hereas h is read ing

de ® cit w as in terpreted as resu lting from dam age to O PC procedu res w ou ld

not be prob lem atic in the least. H ow ever, w e w ould then have to ® nd som e

5
A lth o u g h w e re fe r to th e d e ® c it in N G as ``d a m a ge to th e g rap h em ic b u f fer ,’ ’ w e ac tu a lly

in ten d to sa y ``d a m a ge to th o se p ro ce sse s th a t ta k e p la ce at th e le v el o f th e g rap h em ic

b u ffe r.’ ’ T h e sh o rt er p h ra se is u sed fo r s ty lis tic p u rp o ses o n ly . T h ere is n o im p lica tio n th at th e

h yp o th es ised d a m a ge n ec essa rily affe ct s th e b u ffe r its e lf. In fa c t, in N G ’ s case th e d am ag e

d o es n o t se em to a ffe c t th e b u ffe r d ire ctly b u t, ra th er , p ro ce sse s th a t o p e rate o v er th e

rep resen ta tio n s h eld in th e b u ffe r .
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other exp lanation for N G ’ s strik ing ly sim ilar patterns o f errors in read ing

and in spelling .

In th is pap er, w e attem pt to reso lve the co n¯ icting cla im s about the ro le

o f the graphem ic buŒer(s) in read ing and in spelling that have em erged

from the ana lyses o f the perform ance of patien ts N G an d L B. W e do so

by carry ing out a new analysis o f LB ’ s read ing perform ance, focusing in

particu lar on the types o f errors he m akes in read ing pseudow ords . T he

reason for focusing on th is type of ana lysis is because the hypothesis o f

dam age to the graphem ic buŒer and that o f dam age to O PC procedures

m ake d iŒerent pred ictions about the types o f errors that w ou ld be

produced in reading pseudow ords. Speci ® cally , dam age to the graphem ic

buŒer, but not dam age to O PC processes, is expec ted to resu lt in letter

transposition errors (e .g . revina [/ rev ina / ] / re ’ n iva / ). T hese contrasting

expecta tions are m otivated by the assum ption that graphem ic represen ta-

tions spec ify the identity and order o f graphem es, and that dam age to

these represen tations w ill resu lt in the loss o f in form ation about identity

and order o f graphem es. The behav ioura l consequence of th is dam age is

the production of letter substitu tion , add ition , deletion , and transposition

errors in read ing
6
. B y contrast, dam age restricted to O PC procedures

shou ld on ly aŒect the conversion of graphem e sequences (graphem es,

graphem e c lusters, o r graphosy llab les ) in to phono logica l patterns.

B ehavioura lly , th is form of dam age shou ld resu lt in substitu tions,

add itions, and deletions but not in transpositions o f letters. T he

production of deletion and add ition errors is expected on the assum ption

that the procedure of orthography-to -phono logy conversion operates w ith

un its larger than a sing le graphem e (either letter clusters or graphosy llab ic

un its). Thus, dam age to the O PC procedu res shou ld resu lt in the

production of phono log ica l un its (syllab le or dem i-sy llab le) that share

m any but not a ll the phonem es w ith target responses, resu lting not on ly in

the production of substitu tion errors but also in deletion and add ition

errors. H ow ever, since order in form ation in the input graphem e strin g is

in tact, there is no obvious w ay to get transposition errors sim ply as the

resu lt o f dam age to O PC procedures (except where m ultip le substitu tions

resu lt in transp osition errors by chance). In add itio n , this hypothesis, bu t

not the graphem ic buŒer de ® c it hypothesis, p red icts the substantia l

6
I t is re la tiv ely ea sy to se e h o w d a m a ge to a rep re sen ta tio n th a t sp ec i ® es th e id en tity a n d

o rd er o f gra p h em es co u ld resu lt in th e p ro d u c tio n o f su b stit u tio n , d ele tio n , a n d tran sp o s itio n

e rro rs . A lth o u gh it is n o t as o b vio u s h o w th is ty p e o f d a m a ge w o u ld le ad to th e p ro d u ctio n o f

a d d it ion erro rs , it is n o t u n rea so n ab le to ex p ec t su ch erro rs as w e ll. D am ag e m a y re su lt in

``n o isy ’ ’ r ep re sen ta tio n s su ch th a t it is n o t p o ss ib le to d e term ine w h eth er o r n o t th e re is a

g rap h em e in a sp e ci ® c lo catio n in th e rep resen ta tio n . In th is c a se , th e sy s tem ’ s resp o n se to th e

n o ise co u ld b e th e p ro d u ct ion o f an ex tra gra p h em e.
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presence of errors that vio late context-sensitive ru les o f pronunciation (e .g .

ce ta [/ cÏ eta / ] /keta / ).

T he tw o hypotheses considered here also m ake subtle, but clearly

d istinc t, p red ictions concern ing w ord read ing perform ance. T he d istinc-

tions occur both in the overa ll level o f correct perform ance and in the

types of errors that are produced . The hypothesis o f O PC dam age pred icts

norm al perform ance in read ing fam iliar w ords, and im paired perform ance

in read ing unfam iliar w ords. O perationa lly, th is translates in to the

expecta tion of a word frequency eŒect in read ing perform ance. By

contrast, the hypothesis o f dam age to the graphem ic buŒer pred icts

im paired perform ance in word read ing . H ow ever, as a lready noted , the

leve l o f im pairm ent shou ld be relatively m ild for a w ide range of dam age.

T he reason for the relative m ildn ess o f the word read ing im pairm ent (as

com pared to the im pairm ent in read ing pseudow ords and in spelling w ords

and pseudow ords) is based on the fact that even an im poverished

graphem ic represen tation is o ften su� cient to ac tivate the correct lexica l

en try at the w ord recogn ition stage .

T he tw o hypotheses a lso m ake d iŒerent pred ic tions concern ing the

types o f errors that shou ld be produced in w ord read ing . A lthough both

hypotheses pred ict the occurrence of a substantia l proportion of v isua lly

sim ilar word substitu tion errors (due to the fact that in both cases

read ing is accom plished principally through the lex ica l system ), they

d iŒer w ith respec t to the type of nonw ord error responses that are

expected. Thus, for errors that resu lt in nonw ords, the O PC de ® cit

hypothesis pred ic ts errors that v io late context-sensitive ru les o f

pronunciation whereas the graphem ic buŒer de ® cit hypothesis pred icts

the presence of transposition errors. T he form er type of error is

expected because of dam age to the O PC procedures them se lves; the

latter type of error is expected because norm ally function ing O PC

procedures are app lied to degraded graphem ic represen tations in w hich

graphem e position inform ation m ay be lost.

A lthough the tw o hypo theses m ake d istinc t pred ictions for w ord

read ing perform ance, in prac tice it is d i� cu lt to d istingu ish betw een

them w hen the dam age suŒered by the patient is in the m ild /m oderate

range. T h is is because both hypotheses pred ict low levels o f e rrors . A nd

since m ost errors consist o f incorrect word respon ses, w e w ill no t be

ab le to get a large enough corpus of nonword read ing errors to ana lyse

error types. F urtherm ore , incorrect w ord substitu tions have a com plex

relation to the stim uli that gave rise to the error responses and, thus,

are not easily in terpretab le. That is, the activation of an incorrect w ord

response is not on ly a functio n of v isua l sim ilarity , but also of such

factors as w ord frequency . T herefore, an ana lysis o f the v isua l sim ilarity

betw een a stim ulus and the incorrect response is not appropriate for
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w ord substitu tion errors. In ligh t o f these considerations, the ana lyses

that fo llow w ill concentra te on L B ’ s perform ance in read ing pseudo-

w ords, and w e w ill consider h is perform ance in read ing w ords on ly

brie ¯ y .

T he reason for carry ing out a new investigation of L B ’ s read ing

perform ance is because the data reported in Caram azza et al. (1985)

w ere not obtained w ith the curren t theore tica l contrasts in m ind and ,

thus, do not a llow a c lear cho ice betw een the tw o hypotheses con sidered

here. H ow ever, there are features o f h is read ing errors that encourage

the new study : A lthough the nonw ord responses produced by L B in

read ing pseudow ords are genera lly consisten t w ith the origina l hyp oth -

esis o f dam age to O PC procedures, these responses a lso seem to be

qualita tively sim ilar to h is w riting errors , suggesting the possib ility o f

dam age to a com m on graphem ic buŒer. T hus, m ost of L B ’ s incorrect

responses in read ing pseudow ords could be classi ® ed as substitu tion

(letiti / l tim i/ ), insertion (arrasti / ar ’ ryasti/ ), deletion (m ansete

/m a ’ s te/ ), o r transposition errors (sceluvo / e ’ vu lo / ). A s a lready

noted , the occurrence of transposition errors in read ing is d i� cu lt to

exp la in strictly on the basis o f dam age to O PC procedures. T herefore, if

it co uld be show n that L B produces a substantial num ber of

transposition errors in read ing , w e w ould be ab le to reject the O PC

dam age hypothesis of h is read ing de ® cit in favour of the hypothesis o f

dam age to a sing le graphem ic buŒer. In order to decide be tw een these

tw o hypotheses, L B ’ s read ing perform ance w as re-tested w ith an

extensive list o f w ords and pseudow ords.

C ASE HISTOR Y

S ince the relevant m ed ica l, neuro logical, and neuropsycho log ica l in form a-

tion on L B has been described in deta il elsew here (C aram azza e t a l. 1985 ;

C aram azza et a l. 1987; C aram azza & M iceli, 1990), and since h is cond ition

has been very stab le over the past severa l years, on ly a very succinct

sum m ary is reported here.

W hen th is study w as carried out, L B w as 75 years o ld , and a lm ost 10

years post-onset to a left-hem isphere CV A invo lving the pre- and post-

ro land ic gyri and extend ing deep ly in to the w hite m atter. H e has no

m otor or sensory de ® c its. H is language d isorder consists o f very

occasional anom ic pauses, and the w riting and read ing im pairm ents

are sum m arised in the In troduction . These de ® c its rem ain unchanged .

L B also suŒers from a m ild verba l m em ory de ® c it. H e has been tak ing

carbam azep ine (200m g three tim es a day) over the past four years, fo r

tem pora l lobe seizures.
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EXPERIMENTAL STUD Y

M aterials and M ethods

Stim uli used for a ll tasks w ere prin ted in upper-case letters (font: C ourier;

po int size: 14), and w ere show n one at a tim e . LB w as presen ted w ith 984

w ords and 1167 pseudow ords, random ly d istribu ted across severa l lists. H e

a lw ays responded qu ickly , w ith very few self-correctio ns. W henever m ore

than one attem pt at respond ing w as produced , the last response w as

scored . L B never fa iled to prod uce a response to a stim ulus.

O verall R esults

L B dem onstra ted a c lear-cu t advantage for word as opposed to pseudo-

w ord read ing . O vera ll, he read correctly 925 (94% ) words , and 503

(43 .1% ) pseu dowords Ð a h igh ly signi ® can t d iŒerence (
2

= 617.7 ;

P 0 .001). Incorrect responses resu lting in a word accounted for 44 /59

(74 .6% ) errors in w ord read ing and for 99 /664 (14 .9% ) errors in

pseudow ord read ing (
2

= 117.9 ; P 0 .001). O n a subset o f 1119 stim uli

contro lled for length , he correctly read 319 /342 (93 .3% ) w ords and 300/

777 (38.6% ) pseudow ords (
2

= 284.9 ; P 0 .001). Incorrect w ord

responses accou nted for 16/23 (69 .6% ) errors in w ord read ing and for

63 /477 (13 .2% ) errors in pseudow ord reading (
2

= 48.236 ; P 0 .001)
7
.

T he eŒect o f stim ulus length on read ing accuracy is show n in T ab le 1 .

W ord read ing w as unaŒected by stim ulus length : L B correctly read 371 /

390 (95 .1% ) stim uli o f 4 ± 5 letters and 118 /124 (95 .2% ) stim uli o f 8 ± 10

le tters . By contrast, length m arked ly in ¯ uenced pseudow ord read ing :

Perform ance decreased from 86/98 (87 .8% ) correc t responses for 2 ± 3 letter

stim uli to 108/301 (35 .9% ) correct responses for 8 ± 10 letter stim uli
8
.

7
T h e low inc id en ce o f w o rd resp o n se s to p seu d o w o rd stim u li in th is ta sk is la rge ly d u e to

th e fac t th a t th e s tim u li w e re ch o sen to b e a s v isu a lly d iss im ila r to w o rd s as p o ss ib le. In fa ct,

th e in c id en ce o f w o rd resp o n se s to p seu d o w o rd stim u li th at w ere s im ilar to w o rd s w a s

su b stan t ia lly h ig h e r (21 / 6 9 [30 .4 % ]) th an fo r p seu d o w o rd s th at w ere n o t sim ilar to w o rd s (4 2 /

4 08 [1 0 .4% ];
2

= 19 .2 ; P 0 .00 1 ). T h e rea so n fo r m a x im is ing th e d issim ilarit y o f

p seu d o w o rd s to w o rd s w a s to en su re th at a larg e n u m b e r o f resp o n se s co u ld b e assu m ed

to in vo lve th e a p p lica tio n o f su b le x ic a l, o rth o g ra p h y -to -p h o n olo gy co n v ers ion p ro ced u res .

A fte r a ll, it is a m ajo r co n te n tio n o f th is p ap e ‹r th at o n e ty p e o f ev id en c e th a t m a y a llow u s to

d istin gu ish b e tw een th e tw o h y p o th ese s u n d e r co n s id e ratio n in th is rep o rt co n s is ts o f

re sp o n se s th at a re assu m ed to resu lt f ro m th e a p p lic at ion o f O P C p ro ced u re s .
8
A s in p rev iou s an aly ses o f th is c ase (C a ram azza e t a l., 1 98 5), L B ag a in p er fo rm ed b e tte r

(5 4% v s. 35 % ) in rea d ing ``m o rp h o log ic a lly ’ ’ s tru c tu red th a n u n stru c tu red p seu d o w o rd s (e .g .

d orm evo , co m p o sed b y in ap p ro p r iat ely co m b in ing th e s te m d o rm - w ith th e a f ® x -e vo vs .

d erm ivo , w h ich ca n n o t b e p a rsed in to tw o m o rp h em es). H o w ev er , sin ce th is v ar ia b le d o e s n o t

d istin gu ish b e tw een th e tw o h yp o th eses b eing eva lua ted h e re , w e w ill n o t p u rsu e th is a sp e ct

fu rth er .
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Q ualitative Error Analysis

T he read ing perform ance pro ® le described thus far Ð g reater accuracy in

w ord read ing than in pseudow ord read ing , and an eŒect o f length in

pseudow ord read ing Ð rep lica tes our previous report o f LB ’ s dyslex ia

(C aram azza et a l., 1985), but it does not d istingu ish betw een the O PC and

the graphem ic buŒer de ® cit hypotheses. A qualita tive ana lysis o f the types

o f read ing errors produced by the patien t m ay aŒord a better opportun ity

for decid ing betw een the tw o possib ilities. A s a lready noted , both the

hypothesis o f a de ® c it in the processes that convert orthographic in to

phono log ica l represen tations and the hypothesis o f a de ® c it in the

processes that tem porarily ho ld a represen tation in a graphem ic buŒer

can account for the production of letter substitu tion , insertion , or de letion

errors in ora l read ing . H ow ever, on ly the graph em ic buŒer de ® cit

hypothesis pred ic ts the consp icuous presence of transposition errors in

read ing pseudow ords Ð that is, the presence of errors such as the fo llow ing :

exchanges: revina (/ rev ina/ ) / re ’ n iva / ; sh ifts: b iocro (/ ’ by kro / )

/ ’ b ry ko / ; and exchanges/ sh ifts: sp igro (/ ’ sp igro /) / ’ sp irgo / . B y contrast,

on ly the O PC de ® cit hypothesis pred icts the sign i ® can t presence of

graphem e/phonem e m apping errors that w ou ld be expected to resu lt from

the incorrect app lica tion of context sensitive ru les Ð that is, the presence

of errors such as logero (/ lod jero /) / lo ’ gero / , w h ich represen ts the

v io lation of the context sensitive ru le for the pronunc iation of ``g’ ’ in

Ita lian : g{i, e} /d j/ ; g{a, o , u} /g/ .

T he principa l focu s of the error ana lyses reported here is on the

presence of transposition and graphem e/phonem e (G /P ) m app ing errors in

read ing pseudow ords. The m otivation for focusing on the patien t’ s

perform ance w ith pseudow ords instead of w ords is strictly pragm atic:

C onsisten t w ith expecta tions derived from the tw o hypotheses con sidered

here, w e have a m uch larger corpus of errors for pseu dow ords than for

TA B L E 1

C orrect R esponses P roduced to W ord and

P seudo word S timuli o f Various L engths ( P ercentages

in P aren theses)

S tim u lu s T y p e

N um b er of

L e tte rs W o rd s P seu do w o rds

2 ± 3 Ð 86 / 9 8 (8 7 .8)

4 ± 5 37 1 / 3 9 0 (9 5 .1) 62 / 8 9 (6 9 .7)

6 ± 7 43 6 / 4 7 0 (9 2 .8) 2 47 / 6 79 (3 6 .4)

8 ± 1 0 11 8/ 1 2 4 (9 5 .2) 1 08 / 3 01 (3 5 .9)

T o ta l 92 5 / 9 8 4 (9 4 .0) 5 03 / 1 16 7 (4 3 .1)
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w ords. Furtherm ore, as noted in the Introduction , pred ictions about the

types of errors that a re expected in w ord read ing are not nearly as c lear as

those that are expected for pseudow ord reading . T he hypothesis o f

dam age to a graphem ic represen tation does not severely constra in

expecta tions about the types o f errors that m ight be pro duced in read ing

w ords. W e can certa in ly exclude one type of error: D am age at the level o f

the graphem ic buŒer shou ld not resu lt in the production of sem antic

para lex ias. A side from th is (w eak) constra in t, all that can be sa id is that

the dom inant error type shou ld be v isua lly -sim ilar w ord responses (in the

m easure to w hich a stim ulus has v isua lly sim ilar cohorts). H ow ever, in the

absence of an articu lated theory of the process by w hich graphem ic

represen tations activate lexical orthograph ic en tries, it is not possib le to

g ive a m ore detailed characterisa tion of the re lationsh ip betw een a

stim ulus an d the errors it m ight g ive rise to . N onetheless, fo r presen t

purposes it m ay be su� cien t to note that the latter relationsh ip does not

exclude the presence of transposition errors. D esp ite its lim ited va lue, w e

w ill b rie¯ y d iscuss a qualita tive ana lysis o f LB ’ s w ord read ing errors after

a discussion of h is perform ance in read ing pseudowords .

Analysis of LB ’s Errors in R eading P seudowords

R esponses in w hich a le tter w as substitu ted (elibra [/ elibra / ] / ’ etibra / ),

deleted (tre lpe [/ ’ tr lpe/ ] / ’ tr pe/ ), o r added (ecrova [/ e ’ k r va/ ]

/ es ’ k r va / ) w ere respective ly scored as le tter substitu tion , deletion , or

add ition errors
9
. R esponses scored as letter transposition errors w ere o f

three types. W hen a letter in the stim ulus w as m oved to a non-ad jacen t

position in the response (duscro [/ duskro / ] / ’ d rusko / ), the response w as

scored as a letter sh ift; w hen two non-ad jacen t letters w ere sw itched (relune

[/ re ’ lune/ ] / le ’ rune/ ), the response w as scored as a letter exchange; w hen

tw o ad jacent letters w ere sw itched (o¯ ipa [/ o ’ ¯ ipa / ] / ol ’ ® pa / ), the error

cou ld not be classi ® ed unam biguously as either a sh ift or an exchange, and

w as thus scored as an exchange /sh ift.

G raphem e/phonem e m ap ping errors w ere a lso considered in th is

ana lysis. T he notion of a ``graphem e/phonem e m apping error’ ’ in Ita lian

m ust be clari ® ed since it does not correspond exactly to the m ore fam iliar

notion in E nglish . T he orthography of E nglish is segm enta lly opaque: T he

sam e orthograph ic sequence frequently adm its to m ore than one

pronunciation (consider for exam ple ea in bead and bread , ough in tough

9
T h e rela tio n b e tw een a w ritten s tim u lu s a n d th e sp o k en resp o n se is o n ly d escr ib ed in

te rm s o f ``le tte rs ’ ’ fo r th e sak e o f co n v en ien c e. T h is is p o ssib le in I ta lia n b eca u se its

o rth o g ra p h y is h ig h ly t ra n sp a ren t a t th e seg m en ta l le ve l. In th e few ca ses w h ere th ere m ig h t

b e a m b igu ity , w e w ill d is tin g u ish b e tw een p h o n em es a n d lette rs .
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and though , etc.); fu rtherm ore, som e orthograph ic sequences have un ique

pronunciations (yacht, cho ir, co lonel, etc.). A s a consequence, iden ti ® ca tion

of the to -be-read w ord is usually necessary for correc t pronunc iation .

F a ilure to activate lex ica l-orthograph ic in form ation could resu lt in

``phono logica lly p lausib le’ ’ errors, in w hich a p lausible but inappropriate

G /P m apping is app lied to the graphem e string (e.g . bread / b rid / ,

though / to f/ , yacht / jo t/ ). In Ita lian , segm enta l G /P m apping errors

such as these cannot occur. W ith one exception (gli is m apped onto / i/ in

a lm ost a ll words except a few cases such as glicine , glicerina , and w ords

derived from A nglia , such as ang licano and anglicism o , in w h ich it

corresponds to /g li/ ), the relationsh ip betw een orthography and phono logy

is en tirely transparen t at the segm ental level. H ow ever, som e letters have

tw o possib le pronunciations depend ing on the context in w hich they occur.

In these cases, the correct G /P m apping is determ ined by the letter(s) that

fo llow s the am biguous letter. T hus , for exam ple , c and g correspond to / cÏ /

and /d j/ , respectively , w hen follow ed by i or e , but to /k / and /g / ,

respec tive ly , w hen fo llowed by o , a, u , he, and h i; and , the sequence sc

corresponds to / / w hen fo llow ed by i or e , bu t to / sk/ w hen fo llow ed by o ,

a , u , he , and h i. In o ther w ords, in Italian there are no tru ly am biguous

orthograph ic sequen ces (except for the very few exception w ords conta in ing

g l): Sequences that adm it to tw o pronun ciations are a lw ays read correctly if

the loca l orthograph ic context is correctly ana lysed . T hus , in th is paper, the

term ``G /P m apping ’ ’ error refers to incorrect responses in w hich L B failed

to ap ply a context-sensitive rule as, for exam ple, in scurm e (/ ’ skurm e/ )

/ u rm e/ , w h ich is the pronunciation for sc iurm e .

T he fa ilu re to use context-sensitive G /P m apping rules correctly is not

the on ly possib le source o f errors that m ight be coded as G /P m apping

errors. A response like / ’ u rm e/ to the stim ulus scurm e cou ld a lso be

scored as a letter insertion error since / urm e/ is the correct pronunciation

of the pseudow ord string sciurm e . S im ilarly , the stim ulus respo nse pa ir

cherbo (/ ’ kerbo / ) / ’ cÏ erbo / , a lso a poten tial G /P m apping error, cou ld

resu lt from the de letion of the letter h (cerbo ). T hus, these errors cou ld

on ly be classi ® ed correctly if w e knew the m echan ism respon sib le for their

production . A t th is stage in our study, w e w ill arb itrarily treat them as

G /P m apping errors. The possib ility that these errors resu lt from de letions/

insertions o f le tters , ra ther than from dam age to context-sensitive G /P

m apping ru les, w ill be taken up later in the paper.

Incorrect R esponses R eta ined for Analysis. A ll incorrect responses

resu lting from the substitution , insertion , deletion , or sh ift o f a letter, from

the exchange of tw o letters, o r from vio lation of G /P m apping ru les, w ere

reta ined for ana lysis. R esponses that conta ined tw o or m ore instances o f

the sam e error type w ere also reta ined . E xam ples o f the latter type of
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errors w ere m ultip le substitu tions (iterpo [/ i’ t rpo / ] / i ’ t lbo / ), in sertions

(lo tino [/ lo tino / ] / lyon ’ tino / ), deletions (sfrug li [/ ’ sfru i/ ] / ’ frudji/ ),

transpositions (efrila [/ efrila / ] / el’ fira /). T here w ere no instances o f

m ultip le G /P m app ing in the sam e respo nse.

Incorrec t responses contain ing tw o errors o f d iŒerent types w ere

reta ined , prov ided that they cou ld be scored unam biguously . In particu lar,

responses in w hich the tw o errors occurred in d istinct positions w ere

reta ined . A m ong such errors w ere responses that contained a substitu tion

and an inser tion (led ine [/ l d ine/ ] / l n ’ d in i/ ), an exchange and an

insertion (m arota [/m ar ta / ] / ’ m ant ra / ), a substitu tion and a de letion

(recono [/ rek no / ] / i ’ k no / ), a G /P m ap ping error and a substitu tion

(cherlo [/ ’ k erlo / ] / cÏ erbo / ), and so on .

R esu lts. S ix hundred and ® fty -n ine incorrec t responses (invo lv ing 806

le tters ) w ere reta ined for ana lysis (Tab le 2).

O vera ll, substitu tions represen ted the m ost frequently occurring error.

T hey accounted for 236 /659 (35.8% ) errors. ``Pure ’ ’ substitutions occurred

162 tim es (141 invo lved 1 , 17 invo lved 2 , and 4 invo lved 3 letters).

Insertions accounted for 161 /659 (24 .4% ) errors. T hey occurred in

iso lation 93 tim es (86 insertions o f 1 letter, and 7 insertions o f 2 letters).

D e letions w ere observed in 91 /659 (13 .8% ) errors. T here were 55 ``pure ’ ’

deletions, o f w hich one invo lved 2 letters. H ow ever, the occurrence and

d istribu tion of these errors does not allow us to d istingu ish betw een the

hypothesis o f dam age to the graphem ic buŒer vs. the hypothesis o f

dam age to O PC procedures. The relevant ev idence for th is purpose

concerns the occurrence of transp osition and G /P m app ing errors .

TA B L E 2

P seudow ord R eading: Inc idence of Various Error Types and

N umber of L etters I nvolved in Each ( P erc entages in

P arentheses)

N o . of E rro rs of N o. o f L e tte rs in

E a ch T y pe
a

E a ch E rror T y pe

G / P m a p p ing erro rs 2 0 (3 .0 ) 20 (2 .5 )

S u b stitu tio n s 2 3 6 (35 .8 ) 2 61 (32 .4 )

In se r tio n s 1 6 1 (24 .4 ) 1 69 (21 .0 )

D ele tio n s 9 1 (13 .8 ) 92 (11 .4 )

T ra n sp o s itio n s 1 5 1 (22 .9 ) 2 64 (32 .8 )

E xch a n g es 2 5 (3 .8 ) 52 (6 .5 )

S h ifts 4 3 (6 .5 ) 44 (5 .5 )

E xch a n g es / S h ifts 8 3 (12 .6 ) 1 68 (20 .8 )

T o ta l 6 5 9 (1 0 0 .0 ) 8 06 (1 00 .0 )

a
E rro rs o b se rv ed in th e re sp o n ses re ta in ed fo r a n a lys is.
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T ranspositions occurred very frequently; they accounted for 151 /659

(22 .9% ) errors , invo lv ing a to tal o f 264 (32 .8% ) letters. T ransposition

errors occurred as the on ly error in a response 75 tim es, an d consisted of

12 letter exchanges (one of w hich invo lved 4 letters), 18 letter sh ifts (one of

w hich invo lved 2 le tters), and 45 exchange/ sh ift errors.

E rrors in terpretab le as the consequence of failure to app ly context-

sensitive G /P m apping ru les occurred on ly 20 /659 (3% ) tim es. There w ere

7 incorrec t responses in w hich a G /P m apping error w as the on ly error in

a response; the rem ainder occurred in the context o f m ore com plex errors.

A lthough the incidence of G /P m app ing errors w ou ld seem to be qu ite

low , th is m ay on ly re¯ ect the fact that not a ll p seudow ords conta ined

sequences o f letters that ca lled for the app lication of a context-dependent

G /P m apping ru le. T hus, the resu lts presen ted so far m ight obscure a m ore

substantia l O PC de ® cit. A m ore represen tative index of LB ’ s d i� cu lty in

app ly ing O PC procedures is obtained by con sidering the incidence of G /P

m apping errors in term s of the actua l opportun ity for m ak ing such errors.

In the corpus of stim uli used in th is study there w ere 387 occurrences o f

context-sensitive G /P m apping ru les. LB m ade 20 /387 (5 .2% ) errors.

A re G /P M apping E rrors T ru ly D ue to Failure to A pply O P C P rocedures

or A re They S im ply O ther Instances of L etter D ele tion and Insertion

E rrors? The type and d istribut ion of read ing errors c learly ind icate that a

principa l cause o f the patien t’ s read ing im pairm ent is dam age at the level

o f the graphem ic buffer: LB m ade a substantia l num ber of transposition

errors that are d if ® cu lt to exp la in in term s of dam age to O PC procedures

but w hich fo llow natura lly from the assum ption of dam age to the

graphem ic buffer. H ow ever, L B also produ ced a sm all but non-neg ligible

num ber of G /P m app ing errors, w hich seem to ind icate dam age to O PC

procedures . A s a lready noted , however, these errors need not necessarily

re¯ ec t dam age to O PC procedures; they cou ld resu lt from the de letion or

insertion of letters. For exam ple, putative G /P m apping errors like chebo

(/ ’ kebo / ) / ’ cÏ ebo / , and cia la (/ ’ cÏ a la / ) / ’ kya la / cou ld be the result o f a

le tter deletion and a letter insertion , respectively. D ecid ing betw een these

tw o possib ilitie s is critica l in order to determ ine w hether L B ’ s read ing

im pairm ent is fu lly exp lain ed by dam age to the graphem ic buffer or

w hether h is read ing d if ® cu lty re¯ ects dam age to both the graphem ic buffer

and to O PC procedures. If respo nses scored as G /P m apping errors

actua lly re su lt from letter deletions and insertions, then the graphem ic

buffer de ® c it hypothesis can fully account for L B ’ s read ing d isorder. If, on

the contrary , these errors are best in terpreted as the result o f fa ilure to

app ly G /P m apping ru les correc tly, then w e w ould have to assum e that

L B ’ s read ing im pairm ent resu lts from dam age to both the graphem ic

buffer and O PC pro cedures.
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If putative G /P m apping errors are actua lly letter deletions or

insertions , they shou ld occur as o ften as o ther de letions and insertions

in sim ilar syllabic co ntexts. In other w ords , if re sponses like chebo

/ ’ cÏ ebo / resu lt from the deletion of a le tter (the letter h ), they shou ld occur

as o ften as errors like preco (/ ’ p r ko / ) / ’ p ko / , in which a consonant in

the onse t c luster o f a C C V syllab le is deleted . S im ilarly , if responses like

ciala / ’ kya la / resu lt from the insertion of a letter (the letter h ), they

shou ld occur as o ften as errors like pelfo (/ ’ p lfo / ) / ’ p r lfo / Ð in sertions

o f a consonant in the onset o f a C V sy llab le. B y contrast, if dam age to

O PC procedures is responsib le for LB ’ s read ing errors, the incidence of

responses like chebo / ’ cÏ ebo / and cia la / ’ kya la/ shou ld d iŒer from that

o f errors like preco / ’ p ko / and pe lfo / ’ p r lfo / .

O f the 387 context-dependent G /P m apping ru les included in the corpus

adm in iste red to L B , 349 invo lved ru les concern ing c and g , and 38

invo lved ru les con cern ing ch and gh . L B m ade 11 /349 (3.2% ) errors on c

and g , and 9/38 (23 .7% ) errors on ch and gh . H e w as sign i ® can tly m ore

accurate in respond ing to c and g than to ch and gh (
2

= 25.437 ;

P 0 .001).

If these errors were to be treated as letter inser tions (in the case o f

ciala / ’ kya la / ) or delet ions (in the case o f chebo / ’ cÏ eb o/ ), w e w ould be

argu ing in eŒect that L B inser ted a consonant in the onset o f 11 /349

(3 .2% ) sy llab les and deleted a consonant in 9 /38 (23 .7% ) sy llab les w ith 2-

consonant onsets. T he incidence of these errors w as com pared to the

inc idence of unequ ivoca l letter insertions and deletions in identical sy llab ic

contexts. T he corpus adm in istered to L B conta ined 2207 sy llab les w ith a

sim ple onset (1971 C V sy llab les and 236 CV C syllab les) and 398 sy lla ‹b les

w ith 2-consonant onset (328 C C V syllab les and 70 C CV C syllab les). LB

inserted a consonant in a sim ple syllab ic onset 26 /2207 (1 .2% ) tim es and

deleted a consonant in a 2-consonant sy llab ic onset 20/398 (5% ) tim es.

T hus, re sponses interpretab le as either G /P m apping errors or insertions

occur m ore frequent ly than unam biguous insertions (3 .2% vs. 1 .2% ); and

errors in terpre table as G /P errors or deletions occur m ore frequen tly than

unam biguous deletions (23.7% vs. 5% ). B oth d iŒerences are statistica lly

sign i ® can t: G /P m apping / insertions vs. unam biguous inser tions:
2

= 9.873, P 0.001 ; G /P m apping /de letions vs. unam biguous dele tions:
2

= 18.471 , P 0 .001 . T hese resu lts suggest that at least som e of the

responses that w ere in itially scored as G /P m apping errors are in fact the

resu lt o f fa ilu re to app ly O PC procedures correctly .

Sum m ary . T here are three m ain resu lts in th is section . F irst, a

substantia l num ber of pseudow ord read ing errors were lex icalisa tions.

Second , a large proportion of errors invo lved letter transpositions. A nd ,

th ird , there w ere a num ber of G /P m apping errors wh ich , though sm all in
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num ber, cou ld not be d ism issed as letter insertion or deletion errors. T he

® rst tw o resu lts are con sisten t w ith expecta tions derived from the

hypothesis o f dam age to graphem e level represen tat ions in read ing . T he

th ird result suggests that L B m ay also have a m ild de ® c it in the

app lication of O P C procedu res.

Analysis of LB ’s Errors in R eading Words

A s already noted , L B m ade 59 (6% ) errors in read ing a loud 984 w ords.

O f these , 44 (74 .6% ) resu lted in w ords (e.g . viva , a live ``vita ,’ ’ l ife) and

15 (25 .4% ) in nonw ords (e.g . dorati , go lden /norati/ ). In a ll cases,

incorrect responses bore a clear orthograph ic relationsh ip to the target.

T he qualita tive ana lysis o f L B ’ s errors in reading w ords w as based on 51

incorrect responses . T he rem ain ing eigh t re sponses (six resu lting in an

incorrect w ord, tw o in an incorrect pseudow ord) w ere excluded from th is

ana lysis. O f these, six re sulted in com plex errors (dotare , to provide

w ith ``tornare,’ ’ to go back ; m irare , to a im ``m eritare ,’ ’ to deserve ;

porgere , to g ive ``prem ere,’ ’ to press; sch iere , fo rm ations ``sceg liere, ’ ’

to choose; bana le , bana l /bar’ bena / ; caro , dear / ’ garko / ); the

rem aining tw o w ere stress errors (cercoÂ ’ , h e tried ``cerco ,’ ’ I try ; degnoÂ ,

he deem ed w orthy ``degno ,’ ’ w orthy of ).

R esu lts. T he d istribu tion of the various error types in the 51

responses reta ined for ana lysis is reported in Tab le 3 . Substitu tions w ere

the m ost frequent error type . They accounted for 26 (51% ) errors, and

invo lved only 1 letter in all bu t 2 cases (in w hich 2 letters w ere

reproduced incorrectly). Insertions also occurred frequently ; they

accounted for 16 (31.4% ) errors , and invo lved a sing le letter in a ll

bu t 1 case. D e letions occurred in 3 (5 .9% ) cases, in 1 of these they

invo lved 2 letters. LB also produced 5 (9 .8% ) transpositions and 1 (2% )

G /P m apping error.

C om parison of perform ance on w ords and pseudow ords is m ade

d i� cu lt by the m uch low er inc idence of incorrec t re spon ses to w ord

stim uli. Som e genera l trends can be detected , how ever. Tw o diŒerences

have a lready been noted Ð errors resu lting in a word response occurred

m uch m ore frequently to w ords than to pseudow ords; and stim ulus length

aŒected perform ance accu racy on pseudow ords but not on w ords. O ther

sim ilaritie s and d iŒerences em erge from the qualita tive error ana lysis. G /P

m apping errors, letter substitu tions, insertions, and de letions occurred w ith

not too d issim ilar frequency to both stim ulus types (but for G /P m apping

errors see later). Transpositions, how ever, occurred w ith low er frequency

in responses to w ords (7 / 57, or 12 .3% of to ta l incorrect letters) than to

pseudow ords (264 /806, or 32 .8% of to ta l incorrect letters). T h is d iŒerence
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cou ld have resu lted from severa l com plex fac tors and is not easily

in terpretab le . M ost of the errors in read ing w ords w ere other w ords. T h is

m eans that the d istribu tion of error types in these responses is determ ined ,

in part, by the orthograph ic structure o f the w ords that are v isua lly

(orthograph ica lly) sim ilar to a stim ulus. T hus, the frequency w ith w hich

transposition errors m ight occur in the production of lex ica l errors

depends, in part, on the fortu itous existence of w ords that have the sam e

graphem es as the stim uli but in a diŒerent order
1 0

. F or exam ple, the

stim ulus tro ta (trout) has the fo llow ing sam e length visual cohort: to rta ,

trita , trova , tro te , and rotta . T h is set o f visua lly sim ilar w ords a llows the

production of a response that cou ld be scored as invo lv ing a letter

transposition (torta) or letter sh if t error. By contrast, the stim ulus corta

(short, fem in ine) has a large v isual cohort (e.g . torta , costa , corto , carta ,

corna , corte , . . .), bu t none of the w ords in the cohort cou ld be scored as

invo lv ing the transposition of letters. T h is constra in t on the probability o f

producing a transposition error does not app ly to errors re sulting in

pseudow ords. A nd , as a lready noted , since the pseudow ord stim uli w ere

chosen so as to m in im ise the num ber of lex ical responses, the errors

produced to these stim uli w ere not constrained by the fortu itous structure

o f lexica l cohorts. T h is contrast betw een w ords and pseudow ords m ay

exp la in the diŒerent ra tes o f transposition errors produced for the tw o

types o f stim uli.

TA B L E 3

W o rd R eading: I nc idenc e of Various Error Types and N umber of

L etters I nvolved in Eac h ( P ercentages in P arentheses)

N o . of E rro rs of N o. o f L e tte rs in

E a ch T y pe
a

E a ch E rror T y pe

G / P m a p p ing erro rs 1 (2 .0 ) 1 (1 .8 )

S u b stitu tio n s 26 (51 .0) 28 (4 9 .1)

In se r tio n s 16 (31 .4) 17 (2 9 .8)

D ele tio n s 3 (5 .9 ) 4 (7 .0 )

T ra n sp o s itio n s 5 (9 .8 ) 7 (1 2 .3)

E xch a n g es 1 (2 .0 ) 2 (3 .5 )

S h ifts 3 (5 .8 ) 3 (5 .3 )

E xch a n g es / S h ifts 1 (2 .0 ) 2 (3 .5 )

T o ta l 51 (1 00 .0) 57 (1 00 .0)

a
E rro rs o b se rv ed in th e re sp o n ses re ta in ed fo r a n a lys is.

10
O f co u rse , th e re are a lso o th e r fa c to rs a t p lay . T h u s , th e rela tiv e fr eq u en cy o f th e

m em b ers o f a v isu a l co h o rt o f a w o rd co u ld p la y a ro le in d ete rm in in g w h ich erro r re sp o n se is

p ro d u c ed an d , th e refo re , w h a t typ e o f ``o r th o gra p h ic ’ ’ er ro r is m a d e .
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A dditiona l A na lyses of Substitutions and G /P M apping Errors. T he

corpus of words adm in istered to L B included 295 contexts (in 282 w ords)

that a llow ed G /P m apping errors. O f these, 14 (in 11 words) w ou ld have

resu lted in an incorrec t w ord if the context-sensitive G /P m apping ru le had

been incorrectly app lied (e.g . G A LL O , rooster / ’ d ja llo / , yellow , instead

of /ga llo / ). A s w e have seen , LB ’ s perform ance on w ord read ing w as not

¯ aw less, as he produced 59/984 (6% ) incorrec t responses. H ow ever, on ly

one incorrect response cou ld be interpreted as the resu lt o f an error in

app ly ing a G /P m apping ru le (the w ord traggo , I d raw , that resu lted in the

pseudow ord response / ’ tradd jo/ , instead of / ’ traggo / ). T hus, LB incorrectly

m apped 1/295 (0 .3% ) context-sensitive G /P ru les in w ord read ing . T h is

® gure contrasts w ith h is perform ance on nonw ord read ing , w here he failed

to app ly a context-sensitive G /P m apping ru le in 20 /387 (5 .2% ) instances.

T he difference betw een perform ance on w ords and pseud ow ords is

sta tistica lly reliab le (
2

= 11.507 ; P 0.001).

Sum m ary . T he resu lts o f L B ’ s w ord read ing perform ance are

consis ten t w ith the hypothesis o f dam age to the graph em ic buffer: H e is

im paired in read ing words , h is errors consist m ostly o f incorrect w ord

responses , and he m akes transposition errors.

DISCUSSION

In the In troduction w e put forw ard the claim that a com m on graphem ic

buŒer m ay be invo lved in the processe s o f read ing and spelling . T he

principa l evidence for th is hypothesis w as prov ided by the perform ance of

a patien t, N G , w ho m ade errors at the end of w ords and pseudowords in

a ll types of read ing and spelling tasks. T he stric t co -occu rrence of the sam e

types o f errors across a ll types o f read ing and spe lling tasks w as

in terpreted to re¯ ect dam age to a com m on level of processing. The on ly

possib le level o f represen tation that could be shared in read ing and

spelling w ords and pseudow ords is the leve l a t w h ich graphem ic

in form ation is represen ted : A graphem ic represen tation m ust be com puted

in order to recogn ise or pronounce a string of letters and in order to spell

a word or pseudoword . If th is level o f represen tation w ere in fact shared

by the read ing and spelling processe s, dam age to it w ou ld necessarily resu lt

in the co-occurrence of im pairm ents in the tw o tasks. H ow ever, the form

of im pairm ent that w ou ld be observed in any speci ® c case w ou ld depend

on the particu lar nature o f the dam age susta ined by the processing system .

W e can d istingu ish betw een at least tw o form s of dam age: (1) dam age that

d irectly aŒects the graphem ic buŒer’ s ab ility to store and represen t

graphem ic represen tations adequately an d (2) dam age that aŒects those

m echan ism s that operate over graph em ic representations. In the case o f
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N G , it w as hypothesised, on the basis o f her spatia lly speci ® c read ing and

spelling im pairm ent, that the dam age co ncerned a m ech an ism that directs

the ``pick up ’ ’ o f in form ation from spatia lly organ ised graphem ic

represen tations
1 1

.

W e also noted in the In troduction the possib le ex istence of counter-

ev idence to the hypothesis o f a com m on graphem ic buŒer used for read ing

and spe lling . T he co-occurring dysgraph ic and dyslex ic sym ptom s in a

patien t, LB , w ere ascribed in one case to dam age to the graph em ic buŒer

and in the other to dam age to O PC procedures. T hese in terpreta tions o f

L B ’ s de ® c its in read ing and spelling are inconsisten t w ith expecta tions

derived from the hypothesis o f a co m m on graphem ic buŒer, w h ich

pred ic ts that the read ing im pairm ent sho uld have the sam e cause as the

spelling de ® c it
1 2

. T hat is, since L B ’ s spelling im pairm ent was attr ibu ted to

dam age that supposed ly aŒected the buŒer’ s ab ility to store and represen t

graphem ic represen tations adequately , h is read ing perform ance sh ou ld a lso

have re¯ ected the system ’ s failure to represen t graphem ic in form ation

adequate ly . In other words, w e would have expected h is read ing and

spelling errors to be charac terised by the loss o f grap hem ic in form ation :

L oss o f in form at ion about the identity and order o f graphem es. T h is

expecta tion w as not tested in the earlier stud ies o f L B , and therefore, it

rem ained possib le that, independently o f w hether he add itiona lly does

have dam age to O P C procedures, h is perform ance m ight a lso re¯ ect the

eŒects o f dam age to the graphem ic buŒer as predicted by the com m on

buŒer hypothesis. The resu lts o f the presen t study con ® rm th is expecta tion

and thus provide support for the hyp othesis that a com m on graphem ic

buŒer is invo lved in read ing and spe lling
1 3

.

T he resu lts w e have reported presen t a com plex p icture. T he fact that

L B produced G /P m ap ping errors, even if on ly in frequently , con ® rm s the

earlier cla im that h is read ing im pairm ent is due, a t least in part, to dam age

to O PC procedures. N onetheless, the resu lts also unam biguously

dem onstra te that LB ’ s read ing im pairm ent is not m erely the co nsequence

11
A ctu a lly , th e m ech an ism in q u e stio n is o n e th a t is im p lica te d in p ro c ess ing n o t o n ly

g rap h em ic rep resen ta tio n s b u t a ll ty p e s o f sp a tia lly o rga n ised in fo rm a tio n . T h e ev id en c e fo r

th is cla im is th at N G sh o w ed th e sam e ty p e o f sp atia lly sp ec i ® c im p a irm en t in p ro ce ssin g

w o rd s a s w ell a s o b jec ts (se e C ara m a zza & H ills , 1 99 0).
12

O f co u rse , th is d o es n o t ex clu d e th e p o ss ib ility th at a p atie n t m ig h t h av e a n a d d itio n a l

d e ® c it to th e O P C p ro ced u res .
13

A lte rn a tively , th e p atte rn o f im p a ired p er fo rm an ce w e h a ve in terp rete d as resu lt ing fro m

d am a g e to th e g ra p h em ic b u ffe r co u ld b e exp la in ed as re ¯ e ctin g a p a th o log ic a lly ra p id d e ca y

o f th e a ctiv a ted gra p h em ic rep resen ta tio n s . T h en , in o rd er to exp la in th e co -o c cu rren c e o f

d e ® c its in re ad ing a n d sp elling o f w o rd s a n d p seu d o w o rd s , w e w o u ld h a v e to a rg u e th at a

co m m o n se t o f g ra p h em ic rep resen ta tio n s are co m p u ted in th e fo u r cases , a n d th at th e d e ca y

fu n ct ion o f th e ac tiva te d g ra p h em ic rep re sen tatio n s is d am ag ed .
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of dam age to O PC procedures. The crucia l ev idence in support o f th is

conten tion concerns the substantia l presence of le tter m isorderings in the

corpus of pseudow ord read ing errors (just as in h is spelling perform ance).

T hese errors, w h ich w ould be otherw ise inexp licab le in the context o f a

hypothesis o f dam age to O P C procedures, can read ily be accounted for by

the hypothesis o f dam age to graphem ic represen tations tem porarily held in

a buŒer in the process o f read ing . W e are thus led to conclude that L B ’ s

read ing perform ance is a function of dam age both to the graphem ic buŒer

and to O PC m echan ism s. T he fact that L B ’ s read ing perform ance is m ost

p lausib ly exp licab le by postu lating that he has sustained dam age at a level

w here graphem ic represen tations are tem porarily held in a buŒer in

preparation for lexica l access (or for the app lication of O PC procedures in

the case o f pseudo words), encourages us to pursue the hypothesis o f a

com m on grap hem ic buŒer in read ing and spelling
14

. A nd , in fact, there is

o ther ev idence that converges w ith the account proposed here, w ith the

consequence that there is now a relatively strong basis for the com m on

buŒer hypothesis.

F urther ind irect evidence for the hypothesis is prov ided by the

perform ance of severa l patien ts w ho have been ``class i ® ed ’ ’ as hav ing a

de ® cit a t the leve l o f the graphem ic buŒer in spe lling. A ll the patien ts

w hose spelling perform ance has been in terpreted as resulting from a

spatia lly speci ® c de ® c it in processing graphem ic represen tations Ð i.e.

neg lec t dysgraph ia at the level o f w ord-cen tred graphem ic represen tations,

as in the case o f N G Ð have a lso show n read ing im pairm ents that are

qua lita tively sim ilar to those that characterise the ir spelling perform ance.

T hus, JL (B arbu t & G azzan iga , 1987), O R F (B axter & W arrington , 1983),

and D H , H B , and M L (H illis & C aram azza , 1989 , 1995) not on ly m ade

one-sided spelling errors but a lso one-sided reading errors. A lso consisten t

w ith the hypothesis o f a com m on graphem ic buŒer is the perform ance of

tw o other we ll-stud ied patien ts w hose spelling perform ance w as attribu ted

14
I t a lso h a s m o re p ra c tica l co n seq u en ce s. T h u s, o n e im p lica tio n th a t fo llo w s f ro m th e

c la im th at L B ’ s re ad in g im p airm en t re su lts fro m d a m a g e to a co m m o n g rap h em ic b u ffe r u sed

in rea d in g a n d sp e lling is th a t th e d isp ro p o rtio n ate d if ® c u lty in read ing p seu d o w o rd s re la tiv e

to w o rd s ca n n o t b e ta k en , o n its o w n , a s e v id en ce fo r d a m a ge to O P C p ro ced u re s. In o rd e r to

in terp re t p o o r p e r fo rm a n ce in rea d in g p seu d o w o rds a s ind ic at ive o f d a m ag e to O P C

p ro ced u res , w e w ill h av e to ru le o u t th e p o ss ib ility o f d a m a ge to th e g ra p h em ic b u ffe r . In

p ra ct ica l t erm s th is m ea n s go ing b ey o n d th e s im p le o b se rva tio n th at a p atie n t fa ils to rea d

p seu d o w o rd s co rrec tly an d to d em o n stra te th at th e e rro rs in rea d in g th ese s tim u li a re

exp lica b le b y a p p ea l to m isa p p lica tio n o f O P C p ro ced u re s . A s p a rt o f th is e ffo r t w e w ill h av e

to co n s id er n o t o n ly p a tien ts’ p e r fo rm a n ce in rea d ing ta sk s b u t a lso th eir p er fo rm a n ce in

sp e lling ta sk s. S in c e th e se p re cau t ion s w ere n o t a lw a y s fo llow ed in p rev iou s ca ses , th is m ean s

th at n o t a ll rep o rted ca ses o f sele c tiv e d e ® c it to th e su b lex ic a l, o rth o g ra p h y-to -p h o n o logy

co n v e rs ion sy s tem m a y in fac t h av e h ad d a m a ge to th is sys te m .
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to dam age to the graphem ic buŒer: H R (K atz, 1991 ; F riedm an & K ohn,

1990) and A S (Jonsdo ttir et a l., in press). T hese patien ts presen ted w ith the

spelling perform ance pro ® le charac teristic o f dam age to the graphem ic

buŒer. Both patien ts w ere a lso reported to show m ild de ® c its in read ing

w ords and m uch greater d i� cu lties in read ing pseudow ords, as pred icted

by the hypothesis o f dam age to graphem ic represen tations.

U nfortunate ly , not all reported cases o f dam age to the graphem ic buŒer

in spelling conform w ith expecta tions derived from the hypo thesis of a

com m on buŒer for read ing and spelling . Patien t SE (Poste raro et a l., 1988)

presen ts w ith a spelling pro ® le w h ich, in m ost respects, is consistent w ith

the hypothesis o f dam age to the graphem ic buŒer but h is read ing

perform ance w ould seem to be qu ite good . W e do not know w hat to m ake

of th is case, expect to note that, un like o ther cases o f dam age to the

graphem ic buf ‹fer, this patien t d id not m ake transposition errors in

spelling . T he im plicat ion of the latter fact for cla im s about the na ture o f

the dam age responsib le for the spelling im pairm ent has not been w orked

out. It is possib le , therefore, that SE ’ s de ® c it aŒects d iŒerent pro cessing

structures from those that are responsib le for the spelling im pairm ent in

L B , H R , and A S.

F ina lly , d irect ev idence in favour of the com m on buŒer hypothesis is

prov ided by the perform ance of M C (T ainturier & C aram azza , 1994), w ho

susta ined dam age to the left parieta l lobe and who presen ts w ith a severe

spelling de ® c it fo r w ords and pseudow ords and a m arked read ing

im pairm ent for pseudow ords. H is spelling d i� cu lties are typ ica l o f

patien ts w ith graphem ic buŒer dam age: H e spells words and pseudow ords

equa lly poorly , h is perform ance is m arked ly aŒected by stim ulus length ,

and h is errors consist o f letter substitu tions, deletions, add itions, and

transpositions (e.g . ``congress’ ’ congross ; ``sham poo ’ ’ sham po ; ``m iner-

a l’ ’ m inerial ; and ``giraŒe’ ’ gra� e , respectively ), w h ich princ ipa lly

occur near the m idd le o f the stim ulus. O f particu lar in terest here is the

fact that h is perform ance in read ing w ords w as m uch better than that for

pseudow ords, and that perform ance w ith the latter stim uli w as rem arkab ly

sim ilar to h is spelling de ® c it. Spec i ® ca lly , h is read ing errors a lso consisted

of substitu tions (e.g . im m ing ``im p ing ’ ’ ), deletions (e.g . spim ble

``sim ble ’ ’ ), add itions (e.g . fecan ``frecan ’ ’ ), and m isorderings o f letters

(e.g . africop ``arifcop ’ ’ ). Furtherm ore , as in spelling , h is read ing errors

tended to occur near the m idd le o f the stim ulus. T hus, th is patien t’ s

perform ance fu lly co nform s w ith expecta tions derived from the hypothesis

o f a com m on graphem ic buŒer in read ing and spelling.

In conclusion , w e have described the pattern of read ing errors produced

by a dysgraph ic patien t, LB , w hose spe lling im pairm ent w as ascribed to

dam age to the graphem ic buŒer . T he pattern of errors he m akes in read ing

are very sim ilar to those he m ak es in spe lling . W e have interpreted the
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co -occurrence of sim ilar patte rns o f spelling and read ing errors as

ind icative o f dam age to a com m on process used in read ing and

spelling Ð the tem porary storage of graphem ic represen tations in a buŒer

in preparation for lex ica l access (in read ing) and allograph ic conversion (in

w riting)
1 5

. W e also rev iew ed a fairly large body of ev idence w hich , w ith

one possib le exception (patien t SE), is h igh ly consis tent w ith the

hypothesis. F urther research w ill have to reso lve w hether the noted

exceptio n seriously underm ines the hypothesis o f a co m m on buŒer used in

read ing and spelling or w hether it sim ply po ints to the ex istence of

fundam enta lly d iŒerent form s of spelling de ® c its that are incorrectly

classi ® ed as being of the sam e type.

M a n u sc r ip t rec eiv ed 14 Ju n e 19 9 4

R evised m an u scrip t re ce ived 1 1 Ju ly 19 9 5

M a n u sc rip t a c cep te d 6 O c to b er 19 9 5
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