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This paper addresses the issue of the structure of graphemic output representations via an analysis
of the spelling performance of a patient with acquired dysgraphia. It is argued that the patient’s
pattern of performance with words that contain double letters (e.g., “bb” in “rabbit”) is inconsistent
with the view that graphemic representations are simple linear sequences of graphemes (or abstract
letter identities). Rather, it is proposed that graphemic representations are multidimensional structures
that separately encode information about grapheme identity and grapheme quaatibes Academic
Press, Inc.

The main objective of this article is to pro-confirms earlier proposals of a special represer
vide, through the detailed analysis of the imtational status for double-letter sequences (e.c
paired spelling performance of a brain-damagetee” in “green”).
patient, converging evidence in support of the Despite the fact that spelling skills obviously
claim that the graphemic representations used @onstitute one of the major human cognitive
the course of spelling do not merely consist of abilities, their study has been relatively ne-
linear sequence of graphemes or abstract lettgiected in cognitive psychology; this is espe:
identities but are multidimensional mental ob<ially apparent if one compares this domain o
jects that represent different aspects of graphavestigation to others such as word recognitiol
mic structure. More specifically, we will argueor oral reading. However, this situation has bee
that the pattern of performance reported herevolving rapidly in recent years, since an in-
creasing number of studies have been carrie
— out in an attempt to elucidate various aspects ¢
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representations computed at various levels efew that they reflect properties of abstract gra
the spelling process. phemic representations.

Until recently, the most commonly enter- Other studies have also shown special effec
tained assumption regarding the structure af letter doubling in spelling performance but
output graphemic representations was that thélyese effects cannot unambiguously be consit
merely consisted of a linear sequence of abstragted to reflect representational distinctions &
letter identities (e.g., Caramazza, Miceli, Villathe level of graphemic structure. Studies o
& Romani, 1987; Wing & Baddeley, 1980). skilled typing in normal subjects suggest tha
However, there is evidence which suggests thdbuble-letter sequences differ at some leve
graphemic representations may specify morfeom other letter sequences. For example, se
than just the identity and order of graphemesral researchers (Rumelheart & Norman, 198
First, the performance of certain dysgraphic peshaffer, 1975; Shaffer, 1976) have reported th
tients is constrained by the consonant/vowelccurrence of errors in which the wrong letter is
status of the graphemes to be produced (Caraeing doubled (e.g., rabbit RABITT). How-
mazza & Miceli, 1990; Cubelli, 1991; McClos- ever, these studies did not demonstrate that su
key, Badecker, Goodman-Shulman, & Alimi-errors were systematically related to the pres
nosa, 1994). For example, patient LB (Caraence of a double-letter sequence in the targ
mazza & Miceli, 1990) virtually always word. In addition, it is not possible to determine
substituted consonants for consonants and vowhether these errors occur at the level of gra
els for vowels (children beginning to spell alsgpphemic representations or at some more peripl
tend to substitute vowels for vowels and consceral (e.g., motor) level.
nants for consonants, see Treiman, 1993). Fur- Another line of evidence suggesting a specic
thermore, his exchange errors (e.g., vagone representational status for double-letter pair
gavone) always involved consonants with concomes from the study of the timing of strokes in
sonants and vowels with vowels. Second, it hagping random letter strings (Sternberg, Knoll,
been shown in several patients (patient LB& Turock, 1990; Sternberg, Knoll, Monsell, &
Caramazza & Miceli, 1990; patient HE, Mc-Wright, 1993). These studies have shown the
Closkey et al., 1994; patient SFI, Miceli, Ben-the time interval between strokes is a linea
vegny Capasso, & Caramazza, 1995; patierftinction of the number of letters in a string.
EZ, Venneri & Cubelli, 1993) that adjacentinterestingly, these studies have also shown th
double-letter sequences (such as “bb” in “rabthe length of the interval between strokes in «
bit") have a special status in graphemic represtring containing, say, five letters, one of which
sentations. For example, both LB and HE ofteis doubled (e.g., CRBBT), is equal to the lengtt
substituted or exchanged letters in a word budf the interval between strokes in letter string:
rarely did so when letters were part of a doublesontaining four different letters (e.g., CRBT). In
letter sequence (e.g., they were likely to proaddition, these studies demonstrated that the i
duce errors such as basketBALKET or bas- terval between the doubled letters themselve
ket -~ SABKET but not errors such as rabbit was independent of the length of the string
RALBIT or rabbit - BARBIT). Also, both pa- These results suggest that double-letter s
tients frequently produced errors like rabbit quences behave as units but, as in the case of t
RABITT in which another letter of the word typing error data, they do not directly addres:
was doubled. These and other observations sutpe question of the structure of abstract graphe
gest (1) that double-letter sequences behave @méc representations because they could refle
units and (2) that information about graphemeroperties of more peripheral levels of represer
guantity is encoded separately from informatiomation. In fact, Sternberg et al. (1983) conside
about grapheme identity. It is important to notéheir data as reflecting properties of motor pro
that LB and HE'’s patterns of performance wergrams.
not tied to a particular modality of output: Re- Finally, although the performance of dys-
sults were similar whether they involved writtengraphic patients VB (Ellis, Young, & Flude,
spelling or oral spelling, consistent with thel987) and RT (Venneri, Cubelli, & Caffara,
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1994) revealed specific effects associated with One implication of the representational as
letter doubling, the results are nonetheless nesumption in Caramazza and Miceli is that dif-
tral with respect to the question of the structuréerent dimensions of graphemic representatior
of graphemic representations. The majority ofan be selectively affected by damage. The air
VB'’s errors involved the addition or deletion ofof this paper is to provide additional evidence ir
letters in the context of double-letter sequencesipport of the claim that double-letter se-
(e.g., rabbit— RABIT or rabbit - RABBBIT). quences have a special status within graphem
However, Ellis et al. (1987) show that theseaepresentations. More specifically, we will ex-
errors do not arise due to impaired knowledgamine the claim that information about graph-
of the graphemic representations to be producexsine identity and information about grapheme
but rather as a consequence of impaired visuguantity are represented as independent dime
and kinesthetic feedback mechanisms. Simsions of these representations. Support for th
larly, Venneri et al. (1994) were able to showclaim will in turn be taken as support for the
that their patient’s selective perseverative errorsore general view that graphemic represent:
with double letters (e.g., ragazze RAGA- tions are complex multidimensional structure:
Z77Z0; intelletto » INTELLLETTTTTTO) rather than simple linear sequences of letter tc
arose at a post-graphemic level of processingkens.

Different proposals have recently been put
forward to account for the structural constraints CASE REPORT
observed in the performance of dysgraphic pa-
tients with damage at the level of graphemic Patient FM, a right-handed male and a higl
representations. Central to these proposals is teehool graduate, suffered a large infarct of th
notion, borrowed from autosegmental phonolleft middle cerebral artery at age 36, 10 year
ogy (e.g., Clements & Keyser, 1983), that graprior to this study. A CT scan performed 2 year:
phemic representations are multidimensiondhter revealed a large area of damage involvin
mental objects. This means that different dithe infero-posterior frontal lobe, the inferior pa-
mensions of a graphemic representation are enetal lobe, and the anterior temporal lobe of the
coded separately. Caramazza and Miceli (199®ft hemisphere, as well as the underlying white
have proposed that orthographic representationgatter and lateral basal ganglia; there was als
consist at least of a Consonant/Vowel statusvidence of cortical atrophy of the remainder o
(CV-status) tier and a grapheme identity tierthe left frontal convexity.
Structures of this type can be schematized as in At the time of this investigation, FM pre-

Q). sented with a right hemianopia (that he com
pensated for), a moderate right spastic hemiple

(1cvccvce gia affecting predominantly the upper limb, anc

11 a still severe language impairment. His oral ex

basket pression was laborious and was characterize

by “telegraphic” speech, word finding difficul-

Caramazza and Miceli's prooosal also OSitties, phonetic/phonological errors, as well a:
. 1S Prop P ome morphological errors. In addition, some
the existence of a special feature for represent-

. R : o .~ semantic errors were observed in oral pictur
ing letter doubling information. Within this naming tasks. Oral comprehension was cor
framework, the structure of double-letter words :

. : paratively very well preserved (although sen
can be schematized as in (2).

tence—picture matching tasks showed signs «

“asyntactic” comprehension; see Badecker

(2cvcvce Nathan & Caramazza, 1991, for an analysis c
|11 1 FM’s sentence comprehension deficit).

rabit FM’s performance in reading aloud was se

| verely impaired, especially for long, abstract

D and low frequency words. His performance wa
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also affected by the grammatical category of thimg task (e.g., snail NEET TOLLIC), 2 in the
test items (nouns were read better than adjespelling to dictation task (e.g., television
tives which were read better than verbs whicfi.V.), and none in the delayed copy transcodin
were read better than function words); his catask; they were all excluded from further analy-
pacity to derive nonlexical phonology fromses. FM was quite aware of his spelling problen
print, as assessed by asking him to read noand tended to make more than one attempt
sense words, was severely impaired. His errovgriting a word; we limited our analyses to the
in reading words included numerous visual (nofirst complete response produced on each tria
tion —» LOTION), semantic (deaf- MUTE), All the stimuli used in the written picture nam-
visual/semantic (chord: CHORUS), and mor- ing and delayed copy transcoding tasks wer
phological (hungry—~ HUNGER) errors (for also presented in the spelling-to-dictation tas
more details concerning FM'’s reading impairso that direct comparisons across tasks could |
ment see Badecker & Caramazza, 1987; Gomade when necessary.
don, Goodman-Shulman, & Caramazza, 1986). The errors that FM produced were organize
Even more severely impaired was the painto six categories (examples of each error typ
tient’s spelling performance, which is the focusre presented in Table 1):
of the present report. One category included semantic errors. Thes
include cases in which there existed some de
gree of semantic relationship between the targ
Most of the analyses we will present arevord and the response produced. Assignment
based on FM'’s responses to a corpus of 204ems to this category was not unequivocal how
words presented in isolation. Of these wordsver, due to the fact that many of the patient’
823 were presented in a written spelling-toresponses were so deviant (e.g., triangle
dictation task, 379 in a written picture namingZUALECT) that it was difficult to determine
task, and 842 in a delayed copy transcodinghich word the patient was actually trying to
task. In this last task, the patient had to write iproduce. For this reason, only cases in which
uppercase characters a word that was shown least two out of three independent judges agree
him in lowercase characters and then removesere scored as semantic errors. Thus, it is prol
from his sight. Responses to these stimuli werable that a number of semantic errors were in
collected over a period of approximately 15luded in one of the other categories because v
months (from July 1991 to November 1992)could not determine which target FM was trying
Due to his right-sided hemiparesis, FM used hito spell.
left hand to write. To facilitate scoring proce- A second category included phonologically
dures, he was asked to always write in uppeplausible errors, that is, responses that const
case characters. The letters he produced wertded an erroneous but possible orthographic r
always well formed. In spelling to dictation, healization of the target’'s phonology (i.e., when it
was also asked to repeat each word aloud befor@uld be possible to read the response as «
writing it down, so as to ensure that he perhomophone of the target, e.g., belief BE-
ceived it correctly; other than some articulatory EAF).
difficulties, there were very few errors in his The remaining errors were divided into cat-
repetition performance. FM was also asked tegories on the basis of whether the response w
indicate which words, if any, were unknown toa word or a nonword and whether it was ortho
him; these very few cases were excluded frormgraphically similar to the target or not; targets
further analyses. The second occurrences ahd responses were considered orthographica
words inadvertently presented twice in the sam&milar when they shared at least half of thei
task were excluded as well. Also, there were eonstituent letters, in any order. These last fou
few cases in which FM either produced a muleategories were thus the following: orthograph
tiple-word response or an abbreviation. Therially similar word errors, orthographically dis-
were 11 such errors in the written picture namsimilar word errors, orthographically similar

SPELLING PERFORMANCE
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TABLE 1

EXAMPLES OF THE DIFFERENT TYPES OF ERRORSFM

PRODUCED IN THE THREE SPELLING TASKS

. Semantic errors
carton- BOX
donkey - DEER
crocodile - ALLITOR (ALLIGATOR)
lamp — TALBE (TABLE)
. Phonologically plausible errors
belief -~ BELEAF
pitcher » PITCHUR
father -~ FATHAR
cattle -~ CATTEL
. Orthographically similar word errors
hoe - HOLE
lion - LOIN
shower— SHORE
button ~ BUTTER
. Orthographically dissimilar word errors
row —» STAIN
moment- BUT
beard» BANK

layed copy transcoding was better than in th
other two tasks (37% errors only on a set o
stimuli that resulted in 65% errors in spelling to
dictation and 66% errors in written picture nam-
ing). Errors in this task also tended to be close
to the targets (the proportion of orthographical
ly similar errors was much higher) and very few
semantic errors were observed. In addition t
these three tasks, FM was also given a set of ¢
lowercase printed items to reproduce in uppel
case characters. This direct copy transcodin
task was taken from the Johns Hopkins Univer
sity Dysgraphia Battery (Goodman & Cara-
mazza, 1985); it includes 42 words of different
grammatical categories and 20 legal nhonword:
Performance on this task was flawless.

FM’s spelling performance was affected by
various factors. First, we observed that perfor
mance in all tasks deteriorated markedly as

ladder - HARROW
5. Orthographically similar nonword errors
pea- PAE
mule - MUKE
grapes—» GPAGE
moment—- MOMUOT
6. Orthographically dissimilar nonword errors
fate ~ FRICH
sink - ZIGE
radish— TIPLOGE
magnolia- MOBIHOEY

function of increasing stimulus length (see Fig
1). Second, the probability of a letter being in-
volved in an error varied as a function of its
position within the word: FM was most likely to
produce the initial letter of a target word and
least likely to produce letters in medial posi-
tions; this serial position effect is illustrated in
Fig. 2 for five-letter words presented in spelling
to dictation. Third, letters from the target were
more likely to appear in the response if they
_ Note.Our assumption abqut FM’'s ir_1tended target, whegyare vowels than if they were consonants (710/
different from the stimulus, is shown in parentheses. versus 57% for six-letter words). In addition,
FM’s performance on tasks of the Johns Hop
kins University Dysgraphia Battery (Goodman
nonword errors, and orthographically dissimilag Caramazza, 1985) indicated that three othe
nonword errors. factors affected his probability of making an
Table 2 summarizes the results obtained, rerror. One of them was word frequency: FM
porting global error scores as well as the distrispelled 32/55 high frequency words correctly
bution of error types for all stimuli in each taskwhile he only spelled 10/55 low frequency
as well as for a subset of stimuli that were prewords correctly ¢*(1) = 18.8,p < .001). Also,
sented in all three tasks. his performance with nonwords (0/34) and
Performance in all tasks was mainly characslosed-class words (0/20) was worse than hi
terized by numerous substitutions, omissiongerformance with open-class words (nouns
additions, and/or misorderings of letters, leadverbs, and adjectives: 15/84). FM also showed
ing predominantly to the production of nonho-small tendency to be better on words with com
mophonic nonword errors that shared variousion sound-to-spelling correspondence (14/3(
degrees of orthographic similarity with the tar47% correct) than on words with uncommon
gets. As shown in Table 2, FM also produced aound-to-spelling correspondence (28/80, 35¢
small proportion of errors that were semantieorrect) but this difference did not reach signifi-
cally related to the target. Performance in dezance £%(1) = 1.2,p > .05).
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TABLE 2
PERCENTAGES OFERRORS OFDIFFERENT TYPES IN THREE SPELLING TASKS
Spelling to Written Delayed copy
dictation picture naming transcoding
(n = 823) (n = 379) (n = 842)
Total set
Errors 76 66 54
Semantic 11 16 2
Phonologically plausible 2 1 3
Orthographically similar word 6 8 4
Orthographically dissimilar word 3 2 0
Orthographically similar nonword 47 58 84
Orthographically dissimilar nonword 32 15 7
Matched set
Errors 65 66 37
Semantic 7 16 1
Phonologically plausible 2 1 4
Orthographically similar word 7 9 5
Orthographically dissimilar word 1 2 0
Orthographically similar nonword 59 58 84
Orthographically dissimilar nonword 25 15 6

Note. To allow a better comparison across tasks, the matched set presents the data from a subset of stimuli the
presented in all three tasks & 370).

Considered together, these data suggest thaatd/or orthographic output lexicon, and (3) the
FM's disturbed spelling performance resultphonology to orthography conversion mecha
from a combined impairment of (1) the graphenism. The flawless performance in the direc
mic buffer, (2) the lexical-semantic componentopy transcoding task suggests that represen

—8—STD

—A—— WPN —X——DCT

w
N
w

6 7 8 9
number of letters

Fic. 1. Percentage of errors as a function of word length in spelling to dictation (STD), written picture naming (WF
and delayed copy transcoding (DCT).

10 to 12
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errors

%

letter position

Fic. 2. Percentage of errors on individual letter positions in five-letter words produced in spelling to dictation.

tions and processes located downstream frorarily stored in the graphemic buffer were af-
the graphemic buffer were intact. There aréected by damage (i.e., spelling to dictation
various aspects of FM's spelling performancevritten picture naming, and delayed copy
that are consistent with the hypothesis of a graranscoding; FM was also unable to perforn
phemic buffer impairment (see Caramazza eftral spelling to dictation). Second, most error:
al., 1987; Caramazza & Miceli, 1990; Hillis & in these tasks involved the misselection or mis
Caramazza, 1989; Posteraro, Zinelli, & Mazerdering of graphemes; this type of error is typi-
zucchi, 1988). First, all tasks which, accordingal of graphemic buffer impairments. Table 3
to the model presented in Caramazza et gbresents the distribution of letter substitutions
(1987), require the information to be tempodeletions, additions, and movement errors fo

TABLE 3
PERCENTAGES OFSINGLE ERRORS AND THEIR DISTRIBUTION IN THE THREE SPELLING TASKS

Spelling to
dictation
(total errors= 629)

Written picture
naming
(total errors= 248)

Delayed copy
transcoding
(total errors= 453)

Single errors

11%

23%

37%

Substitutions 57% 60% 67%
neck -~ NEAK moon - MOOR panel- PADEL
template» TEMTLE puma— PUNA unit - UNIN
Deletions 23% 28% 19%
boost- BOOT church- CHUCH apricot—- APICOT
kitchen » KITHEN drawer -~ DAWER beetle~ BEELE
Movement 13% 12% 11%
lemon . LENOM chain » CHIAN planet - PLAENT
turkey - TUKERY heart— HREAT ground— GRONUD
Additions 7% 0 3%

fence -~ FEINCE
sweet— STWEET

beauty- BEAUNTY
aggress- AGGORESS
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responses that included one and only one diiat this preservation of doubling did not merely
these errors. It appears that this distribution igeflect a bias to produce DL sequences, irre
remarkably similar across tasks, as would bspective of the structure of the targets: Althoug!
expected. Third, the dramatic length effect preFM did produce some DL sequences in re
sented in Fig. 1 is consistent with a graphemisponse to targets without DL sequengese
buffer deficit. Fourth, as in other documentedvas much more likely to do so if the target
cases of graphemic buffer impairment, we obeontained a DL sequence. This observatio
served that the probability of a letter being intaises the possibility of a special status fo
volved in an error varied as a function of itsdouble letters in graphemic representation:
position within the word (see Fig. 2). With this consideration in mind, we decided to
The fact that FM produced semantic errors ixplore further FM’s spelling performance, fo-
all tasks involving semantic mediation indepeneusing on his performance with double-lettel
dently of the modalities of input or output (i.e,sequences.
spelling to dictation, written picture naming,
reading aloud, oral picture naming) also sug- FURTHER ANALYSES OF THE APPARENT
gests an impairment of the lexical-semantic PRESERVATION OF DOUBLE
component. An additional impairment at the LETTER INFORMATION

level of the orthographic output lexicon cannot pjstinct Predictions of the Multidimensional

pe ruled out (and may be suggested by the ex-  yersus Linear Sequence Hypotheses
istence of a word frequency effect). ) _ )
There are various reasons to suspect an addj-~ccording to the linear sequence hypothesis

tional impairment of the phonology-to-the struc.ture of the graphemic represgntationc
orthography conversion mechanism. First\{vords with double letters does nc_)t differ from
FM's performance with nonword stimuli ap_th'e structure of the representation Qf \(vord:
peared to be worse than his performance Wiffylthqut double letters: In both cases, it simply
words. Second, one may have expected that p&2nsists of an ordered set of graphemes (or a
formance in spelling to dictation would havestr_act letter identities). Following this hypoth-
been better than performance in written picturgSiS, one would not expect DL sequences f
naming if additional information coming from P€have any differently from otherwise compa
the nonlexical route to spelling was available t620!€ sequences of letiers (what we mean &
him: this was not the case. Also, if FM was otherwise comparable” will be made explicit
making use of such a mechanism, one Wou@elow).. According to the multidimensional hy-
expect the number of phonologically pIausibIé-’OtheS'Sv on the other hand, the structure of D
errors to be higher than itis, or at least higher iwords does differ from thPj strgcture of non-DL
the spelling to dictation task than in the writte?Vords. The nature of this difference can be

picture naming task: this was not the case eithestated as follows: Whereas all nondouble letter
One very striking aspect of FM’s speIIingOf a word are connected to distinct units on the

performance was the apparent preservation of
double letter information (hereafter “DL infor-
mation”). That is, it was our impression that,structure of the target when, as in cases of semantic error
even when information about letter identity and]he wrong lexical unit was retrieved from the orthographic
. , output lexicon.
order WaS_ extremely distorted, FM's responses: Recall that we concluded that the corpus might include
tended to include a double letter sequence Wh@humber of semantic-then-graphemic errors that could ne
there was one in the target word (e.g., giraffe be identified as such by all our judges; it is therefore quite
GAFFICATE; raccoon— REAFFIC). The re- likely that some, maybe even most, of the DL responses t

sults of the analysis reported in Tablé ghow non-DL targets occurred as a consequence of this type
error when the semantically related word that the patier

1 All semantic errors were excluded from this as well asvas trying to spell happened to include a DL sequence, ¢
all later analyses; the reason for this is that one would nahay for example be the case in elephant(giraffe ?) -
expect to observe a preservation of any aspect of the interrRDTIGGE.
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identity tier, DL pairs are connected to only one In the remainder of this section, we will ex-
such unit; the fact that this particular letter idenamine each of these predictions in turn. Notict
tity appears twice contiguously in the word ighat neither of these follows from the linear se-
specified at another level of the representatiomuence hypothesis because it does not give al
As mentioned previously, this particular or-special status to DL sequences. Therefore, col
ganization of information implies that, contraryfirming these predictions will be taken as direct
to what would be expected within the linearevidence in favor of the multidimensional hy-
sequence hypothesis, the behavior of DL seothesis and against the linear sequence hypot
guences should differ from that of otherwiseesis.
comparable letter sequences. However, the ex-
act way in which these two types of letter seC0mparable Letter Sequences
guences should differ may well vary as a func- As noted above, the linear sequence hypott
tion of the nature and/or the extent of the damesis predicts thakgverything else being equal,
age affecting graphemic representations: Iserformance with double-letter sequence
damage generally limited to one level of represhould not differ from performance with other
sentation (i.e., the letter identity level, the lettefetter sequences. This means that evaluating tl
doubling level)? Does it generally affect bothadequacy of the linear sequence hypothesis r
levels but in an asymmetrical way? Does it inquires controlling for any factor other than the
volve a loss of identity information for somepresence versus the absence of doubling th
representations and of doubling information fomay affect performance on any given seqguenc
some others? Or both? Taken at face valuef letters; in other words, it critically depends
FM’s impaired spelling performance suggestsn the selection of appropriate control se
that the letter identity level is often impairedquences for DL sequences. Given what wi
(see for example the high number of letter subknow about the factors that affect FM's spell-
stitutions) and that doubling information is of-ing, performance with double-letter sequence
ten preserved (see Table 4)nder these cir- should be compared to performance with non
cumstancesand given the central assumptiordouble-letter sequences that are equivalent |
that double letter sequences are associated toeams of (a) the length of the words in which
single letter identity, one would expect FM'sthey are embedded, (b) the word position of th
performance with double-letter sequences to esequences examined, and (c) their consonat
hibit at least the two following characteristics:vowel status.
(a) double-letter sequences will tend to behave It is possible that the apparent preservation c
as units, and (b) there will be cases in whiclbL information that we have reported earlier
doubling information will be preserved inde-may merely have reflected the influence of one
pendently from letter identity. or more of these factors. This will not be the

TABLE 4
PRESENCE OFDOUBLE LETTERS IN ERROR RESPONSES AS AFUNCTION OF THEIR PRESENCE ORABSENCE IN THE TARGETS IN
THREE SPELLING TASKS

Targets with Targets with
one double letter no double letter (1) =
Spelling to dictation 68% 15% 142.0
86/126 60/411
Written picture naming 87% 11% 107.6*
41/47 17/161
Delayed copy transcoding 92% 3% 363.9*
97/105 9/349

* p < .0001.
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case in the analyses that will follow where persuch as rabbit. RABTIB within the multidi-

formance with DL sequences will always bemensional framework involves postulating a
compared to performance with pairs of honeomplex combination of errors: In the example
doubled contiguous letters, of identical consoabove, one would have to say that (1) the lette
nant/vowel status, appearing in the same posib” in position 4 was deleted (via a deletion of
tion of words of identical length (e.g., the bethe doubling feature), (2) the letter “t” was
havior of double-letter sequences such as “bb%hifted from position 6 to position 4, and (3) a
in “rabbit” will always be compared to the be- letter was inserted in final position that hap-
havior of sequences such as “sk” in “basket”). pened by chance to have the same identity as t
Given that the matching of DL pairs to theirdeleted letter (b). The probability of such a
controls was undertaken a posteriori and givecombination of events would seem to be quitc
that the total number of stimuli with a DL se-low. Within this framework, one would thus
guence was much lower than the total numbexpect that the number of errors producing «
of stimuli without a DL sequence, there oftersplit in a sequence should be lower for DL se:
was more than one possible control word foguences than for control sequences. Testing tr
each DL word. In light of this, our strategy washypothesis requires that the patient produce
to arbitrarily select, for each DL target, one nontarge enough number of “splitting” errors on
DL target that satisfied our matching criteriaeither type of letter sequences. This was onl
There also were cases where no adequate cdhe case in the corpus gathered in the spelling
trol word could be found for a DL word; theseto-dictation task. In this corpus, there were 16!

cases were not analyzéd. control words that could be matched to 16-
_ double-letter words. Within this subset, 13
Do Double Letters Behave as Units? “splitting” errors were observed in responses

; ; - - trol targets (e.g., ba — BRON, walnut
This question can be addressed in two dn‘fell-O con -
ent ways. One is to look at the probability of WALAEN, wrkey — TUKERY, patriotic

FM producing errors that split a letter sequencé’ PATORINY); however, no such errors were

(e.g., rabbit-. RABTIB: basket—. BASTEK) produced in responses to double-letter target

: - . This difference in the production rates of “split-
According to the linear sequence hypothes@[ f 2ray .
this probability should be equivalent for DL se-tlng errors (1) = 13.6,p < .001) provides

guences and their controls. According to th& first piece of evidence against the linear se

multidimensional hypothesis on the other hanoqu;nctehhypothetss. ine the hvbothesis th
this_probability should be lower for double- . ' nother Waybohexam'”e f" _yfio | esk'sttah‘
letter sequences than for control sequence séquences benhave as units 1S 1o look a

Given that DL sequences are represented byrtalanve probabilities of FM’s responses includ-

single grapheme, movements errors should ifg only one of the two letters of a sequence a

volve both letters of the sequence such as @funchon of target type (e.g., rabbit RABlT.’
rabbit — RATIBB (where both the grapheme as'ket__> BAKET). If, as we argued earlier,
identity and the doubling feature move to antM's f:?ulure to produce some of th? Ietters. ofq
other position in the word) or rabbit RATTIB target is related to a failure 'to raneye units a
(where doubling information stays in place bu he level of the grapheme identity tier (or to

where there is an exchange of the graphe °p thetm f?Ct'Ve long ednoubgi_h) W.h'fle h'st.'m'
identities “b” and utn). 4 Explaining errors pairment orten spares doupbling In Ol’mf_i 10N,
then one would expect, on the hypothesis the

3 All analyses reported in this paper have been carried ogtouble-letter sequences are represented by
more than once with different arbitrary pairings; the resultsingle grapheme, that failure to produce doubl
obtained were very similar. In each case, we chose to repqgtters will be of the all-or-none type. In other
the last analysis performed, whether or not it produced the ds. the followi ituati ) ft
strongest pattern of resulfs. words, the following situations may often oc-
4 FM did produce some errors of this type, e.g., chesry CUI' (@) doubling information is preserved anc

CHREEY, parrot— PATTOR, bottle » BOLLET. grapheme identity is correctly specified, in
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which case both letters will be produced, or (b) Discussion.The previous set of analyses
doubling information is preserved and graphshows that performance with DL sequences dif
eme identity is incorrectly specified, in whichfers from performance with otherwise compa:
case none of the letters will be produced. Thereable letter sequences in at least two respect
fore, the probability of FM producing only oneFirst, the letters that belong to double-letter se
letter of a pair may be lower for DL pairs thanquences are less likely to be erroneously prc
for control pairs: We tested this hypothesis byduced in nonadjacent positions than the letter
comparing the number of responses that irffrom otherwise comparable sequences. Secor
cluded one and only one letter of a target sé&M is less likely to produce only one of two
qguence for all DL targets for which we couldletters if these letters form a double-letter se
find matched control targets. Note that our sequence than if they do not. These results ar
lection criterion only concerned the presence dnconsistent with the linear sequence hypoth
the absence of a particular letter in a responsesis. Moreover, they suggest that DL sequence
whether it appeared in the correct position obehave as units, a finding that is readily ac
not was not taken into consideration. Some excounted for on the hypothesis that DL pairs ar
amples of the types of responses used in th&ssociated to a single unit on the identity tier o
analysis are provided in Table 5; the resultgraphemic representations.
themselves are presented in Table 6.

These results reveal the presence of a clear IS Quantity Information Preserved
asymmetry in the distribution of responses as a Independently from Identity Information?

function of target type: As expected, there were ag stated earlier, another prediction that fol

many fewer responses that included only ong, s from the hypothesis that information abou
letter of a sequence in the case of DL targe{gapheme identity and information about graph
than in the case of control targets, and this in ajl ;e quantity are represented independent
spelling tasks. within graphemic representations is that dam
age to such representations may affect identit

5 Note that the opposite prediction could be made for f ti ithout affecti tity inf
other patients. That is, there may exist patients whose ifjiformation without ariecting quantity informa-

pairment involves a frequent deletion of doubling information. If this were the case, one may expect t
tion. In this case, one would expect that the probability obbserve errors such as rabbit RADDIT, rab-
producing only one letter of a pair should be higher for DLhjt _, RATTIB, or rabbit — RABITT in which
sequences than for control sequences. Patient SFI (Mlceaoub“ng occurs on the wrong letter identities

Benvegny Capasso, & Caramazza, 1995) shows this pat=, . . .
tern. tI'h|:s is because damage to graphemic represe

TABLE 5
SOME EXAMPLES OF THE TYPES OF STIMULI INCLUDED IN THE ANALYSIS REPORTED IN TABLE 6
Double-letter words Control words
One letter produced bottle BOLLET hanger -~ NEATS
ribbon -~ BROLLOW mankey -~ MOKEY

sherff - SIFEAR
chary - CHREEY
gorilla - GOLIFFE

ostrch — QCTBELL
costum -» COTUMN
bridge - BLIGORY

stubborn — BALEINHT guitar - GIATHOT
Zero letters produced fiy - TAPPY pek - PITE
skul -~ SKUCH swing - SWOCH
pionee -~ PALLOOM resst » BELAIRLD
Two letters produced ter - BUTTER dankey - DONKEY
spod —~ STOOP kitchen - KITCHAR
umbrdla - UMALL OW tuk ey — TUKERY

Note. Critical letters are typed in boldface.
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TABLE 6
PROPORTIONS OFRESPONSESTHAT INCLUDE ONE AND ONLY ONE LETTER OF A TARGET PAIR FOR DOUBLE-LETTER PAIRS
VERSUS MATCHED CONTROL PAIRS

Double-letter targets Control targets

(e.g., rdobit) (e.g., baket) ¥(1)=

Spelling to dicatation .15 A1 29.2%
24/165 68/165

Written picture naming .09 .39 17.6*

6/69 27169

Delayed copy transcoding .07 .33 37.8*

13/183 60/183

*p < .001.

tations may either be such that (a) doubling in- We addressed this question by considering a
formation is preserved while information abouthe responses to DL targets in which either on
the position of some graphemes is lost (whiclr both letters of a critical target pair was not
may lead to errors like rabbit: RATTIB), or produced. These DL items were matched t
(b) doubling information is preserved while
some graphemes are misselected (which may
lead to errors like rabbits RAFFIT), or (c) TABLE 7
. . . . ~ ! . EXAMPLES OF THE DIFFERENT TYPES OF RESPONSES
doubling information is preserved but assigned consiperep In THE ANALYSIS REPORTED INTABLE 8
to the wrong position in the word (which may
lead to errors such as rabbit RABITT). Con- 1. DL words where the patient faile_zc_i to produce at least on
istent with this view, FM’'s corpus included a of the double letter (in any position) and:
SIS P P (a) Another DL sequence was produced
number of errors of this type; some examples  hanmer - HARRON
drawn from each task are shown in Table 7. We  gheto - GHOTEE
would like to point out that FM’s production of umbrdla - EMMUCPE
errors of this type was not limited to the written 1322 ~ JAFF
output modality. It was not possible to test oral slipper -~ SLIDDEN
pL aality. possible to , ribbon - BROLLOW
spelling with him due to a severe impairment in ) No DL sequence was produced
single letter naming. However, when a typed fizz - FROCK
alphabet was placed in front of him FM was putt — POT
capable of pointing to the sequence of letters ;rp‘es;r* Cg%‘_"g;i
that he thought formed the spel_lmg _of a dictated gorila . GONAGAL
word. The errors_he_ produ_ce_d in this task= stubborn  BALEINHT
29/39) were qualitatively similar to the ones ob2. Control words where the patient failed to produce at leas
tained in tasks involving written production, in-  one of the letters of the matched sequence and:
cluding with respect to double-letter sequences (@ fa'ﬁL Seduence was produced
(e.g., egg~ EEG, parrot- PETTOT, umbrella hanky - NINNIE
- UMINMMO). _ streak - STEET
The mere presence of a relatively large num-  hap — ADDIM
ber of such errors is interesting but alone is not  cling ~ OTTHER
sufficient to make the case for the independence _ Momhine ~ MAGETTE
L . . (b) No DL sequence was produced
of letter quantity information from letter iden- sack - SOCP
tity information. This is because FM also pro- monkey - MOKEY
duced DL sequences in response to non-DL tar-  shouder . SLATOR
gets. Therefore, it still needs to be shown that  havk — HOAF
erroneous DL sequences occur more frequently ~ hanger - CHIAK

on DL targets than on non-DL targets. chipmunk — CIMPEQT

~
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control words which, in addition to the criteriahypothesis: That, under certain conditions o
previously specified, also led to responses idamage to graphemic representations, DL s
which at least one letter of the critical sequencguences should behave as units and that infc
(e.g., baket) was missing. We then determinednation about letter doubling may be preserve
how often a DL sequence was produced for Din spite of a loss of information about letter
targets versus matched control targets. We thigdentities. These predictions directly follow
compared the probability of the patient producfrom the central assumption that DL sequence
ing errors like rabit - RATTIB, or rébbit -~  are associated with a single grapheme tokel
RAGGIT, in which one or two of the letters of FM’s performance can thus be taken as furthe
the original DL sequence are missing but a Dlevidence in favor of that claim. However, one
is produced anyway, versus errors such & bamnay still object to this conclusion by raising the
ket -~ BAKKET or basket -~ BAMMET, in possibility that there may be nothing unique
which one or two of the letters forming theabout double letters. Although we have show
original matched control sequence are missintipat their behavior clearly differs from the be-
and a DL is added. The finding that DL se-havior of other adjacent letter pairs, which
guences occur more frequently in response seems sufficient to reject the linear sequenc
DL targets within this particular subset of errordiypothesis, it could still be argued that the dat
would substantiate the claim that doubling inwe presented thus far do not necessarily suppc
formation can be preserved independently frorthe claim that double letters have a distinct sta
information about the letter identities it is nor-tus within orthographic representations. For ex
mally tied to. The results of this analysis aremple, one could propose that FM’s perfor-
presented in Table 8. mance may merely be constrained by the pre:
Once more, the results of this analysis supence of a letter repetition in the target, whethe
port a prediction that was derived from the mulinvolving adjacent letters or not. Or one coulc
tidimensional hypothesis: They clearly showpropose that double letters are special becau
that FM is much more likely to produce a DLthey correspond to single phonemes in a word’
sequence associated with the wrong letter idegrapheme-to-phoneme mapping. We will now
tity in response to a DL word than to a non-DLevaluate each of these possibilities in turn.

word. . . .
Is the Behavior of Double-Letter Pairs Similar

ON THE DISTINCT STATUS OF to the Behavior of Nonadjacent
DouBLE-LETTER SEQUENCES Repeated-Letter Pairs?

Thus far, we have been able to show that We tested the possibility that there may be
FM’s impaired spelling performance confirmsnothing special about double letters per se b
two major predictions of the multidimensionalexamining if pairs of nonadjacent repeated let

TABLE 8
ProPORTIONS OFFM’s RESPONSESTHAT INCLUDE A WRONG IDENTITY DOUBLE-LETTER PAIR FOR DOUBLE-LETTER WORDS
VERSUS MATCHED CONTROLS

Double-letter words Controls ¥(1)=

Spelling to dictation .60 .16 37.8*
54/90 14/90

Written picture naming .84 .04 32.5%
21/25 1/25

Delayed copy transcoding a7 .08 25.5%
20/26 2/26

Note.Analysis include all responses in which one or both of the two critical letters of the target (e.g., rabbit, basket)
not appear any where in the response.
* p<.001.
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ters (e.g., ‘tactus”; hereafter repeated-lettercontrols. Also, one might expect that DL and
pairs) would result in the pattern of performanceepeated-letter pairs could be “interchange
that was previously shown to be characteristiable” in the sense that more DL pairs would be
of DL pairs. That is, in order to determine ifproduced in response to repeated-letter targe
repeated-letter pairs would also behave as unithan to matched control targets and conversel
we undertook to determine if the probability ofthat more repeated-letter pairs would be pro
FM producing only one letter of a pair wasduced in response to DL targets than to matche
lower for repeated-letter pairs than for othereontrol targets. In contrast, the multidimen-
wise comparable nonrepeated-letter pairs, asonal hypothesis predicts that performanc
was shown to be the case for DL pairs versusith nonadjacent repeated-letter pairs shoul
non-DL pairs. We also examined the possibilitynot show the same pattern as performance wi
that information about nonadjacent letter doubL pairs. Also, the two types of letter pairs
bling may be preserved independently from inshould not be interchangeable. These expect
formation about letter identities by assessing thtions derive from the central assumption that th
relative probability of FM’s responses to in-use of a single token to represent the identity c
clude a repeated-letter pair associated with thaore than one letter of a word is limited to DL
wrong letter identity for targets with and with- sequences. Therefore, if the specific behavior ¢
out a repeated letter (e.g., pEtee — PATI- DL sequences is really a consequence of the
TOE versus mustache MUSTALEA). In ad- unique representational status, one would nc
dition, we examined the possibility that, by vir-expect any other kind of letter pairs to produce
tue of being similarly represented, DL pairs andhe same effects. In addition, the multidimen
repeated-letter pairs would be “interchangesional hypothesis posits that the internal struc
able,” in the sense that more DL sequenceture of words like ‘cactus” is identical to the
would be produced in response to repeatedtructure of control words like “basket” which
letter targets than to matched controls and vicejives no reason to expect that these two types
versa. words should result in different error patterns
The controls for repeated-letter stimuli weravhen their representations are damaged.
chosen following the same procedure as before; The results of this new set of analyses ar
that is, each word with a repeated-letter pair wgsresented in Tables 9 and 10. These results ¢
matched to an arbitrarily chosen word of idenbe summarized as follows. First, FM’s date
tical length that did not include a repeated letteshowed no evidence that repeated-letter pai
(or a double letter) but that included a pair obehaved as units (see Table 9): The probabilit
letters with the same consonant/vowel status & producing only one letter of a pair was
the repeated letter pair in identical positionsequivalent for repeated-letter pairs and thei
These analyses were performed again on a sutsntrols [.36 versus .45 in spelling to dictation
set of DL targets that did not include repeatedi®(1) = 1.34,p>.10), .54 versus .35 in written
letter pairs (and matched controls with neithepicture naming ¥*(1) = 1.94,p > .10), .26
DL nor repeated-letter pairs) that were matchedersus .27 in delayed copy transcoding(l) <
to the repeated-letter targets in terms of lengtii..O, p > .10)]. By contrast, the probability of
This precaution was taken in order to ensurproducing only one letter of a DL pair was
that the previously reported results would repmuch lower than the probability of producing
licate within this new subset of words of slightlyonly one letter of its control [.17 versus .44 in
different average length. spelling to dictation ¥*(1) = 12.5,p < .001),
On the hypothesis that the behavior of DL11 versus .35 in written picture naming?(1)
sequences may simply reflect the effects of let= 3.9,p < .05), .05 versus .35 in delayed copy
ter repetition, performance with repeated-letteranscoding ¥%(1) = 22.4,p < .001)].
pairs should differ from performance with their Second, there was no evidence that informe
controls in the same way as performance wittion about quantity can be preserved indeper
DL pairs differs from performance with their dently from information about grapheme iden-



DOUBLE LETTERS AND GRAPHEMIC REPRESENTATIONS 67

TABLE 9
PrROPORTIONS OFRESPONSESTHAT INCLUDE ONE AND ONLY ONE LETTER OF A TARGET PAIR FOR DOUBLE-LETTER WORDS
REPEATED-LETTER WORDS AND THEIR RESPECTIVECONTROLS

Spelling to Written picture Delayed copy
dictation naming transcoding
Double-letter targets 17 A1 .05
(e.g., rdobit) 13/75 3/26 4/81
Controls A4 .35 .35
(e.g., baket) 33/75 9/26 28/81
Repeated-letter targets .36 .54 .26
(e.g.,cactus) 27175 14/26 21/81
Controls .45 .35 .27
(e.g.,basket) 34/75 9/26 22/81

tities in the case of repeated-letter pairs (sesmponse to control targets (e.g., 8/39 versus 13/:
Table 10): Whereas FM produced more erronén spelling to dictation, ally’(1) < 1) and,
ous DL sequences in response to DL targetomplementarily, there were no more double
than to control targets [26/39 versus 5/39 itetters produced in response to repeated-lett
spelling to dictation ¥*(1) = 23.6,p < .001), targets than to control targets (e.g., 4/39 verst
7/11 versus 0/11 in written picture namingd/39 in spelling to dictation).
(x*(1) = 10.2,p < .01), 11/13 versus 0/13 in Taken together, these results unambiguous
delayed copy transcodingd(1) = 19.0,p < support the predictions of the multidimensiona
.001)] as was previously shown on a larger sulitypothesis regarding the expected behavior ¢
set of stimuli, he was no more likely to produceDL pairs versus repeated-letter pairs. The
a repeated-letter pair in response to repeatetiherefore lend further support to the claim tha
letter targets than to control targets (13/39 veDL pairs have a distinct status within graphemic
sus 16/39 in spelling to dictation, 3/11 versusepresentations that distinguishes them fror
5/11 in written picture naming, 5/13 versus 7/1®ther kinds of letter pairs.
in delayed copy transcoding). These results can also be used to rule o
Third, there was no indication that DL pairsanother potential alternative explanation of the
and repeated-letter pairs are “interchangeableSpecial behavior of DL sequences: That is, on
(see Table 10): No more repeated letters weraay have argued that the reason why DL se
produced in response to DL targets than in reguences behave as units is not because they

TABLE 10
NUMBER OF ERRORSINVOLVING THE PRODUCTION OF AN ERRONEOUSDOUBLE-LETTER PAIR (DL) OR REPEATED-LETTER
PairR (RL) FOR DL TARGETS RL TARGETS AND THEIR RESPECTIVECONTROLS

Spelling to Written picture Delayed copy
dictation naming transcoding
DL? RL? DL? RL? DL? RL?
DL targets
(e.g., rdobit) 26/39 8/39 7/11 2/11 11/13 4/13
Matched controls
(e.g., baket) 5/39 13/39 0/11 3/11 0/13 2/13
RL targets
(e.g.,cactus) 4/39 13/39 0/11 3/11 0/13 5/13
Matched controls
(e.g.,basket) 9/39 16/39 1/11 5/11 0/13 7113

Note.Analyses include all responses in which one or both of the critical letters did not appear anywhere in the resy
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represented in a special way but rather becaustate that the proportion of errors involving re-
the patient may have difficulty accessing sompeated letters was higher than would be ex
specific letter identities. For example, FM maypected with matched controls. The reported re
have much more difficulty producing the lettersults may not be so surprising in light of the fac
“B” than, say, the letter “R.”® Therefore, he that most relatively long words—the very
might be expected to produce just one letter affords usually most likely to be misspelled—
the target sequence in a word like ‘fbeon,” to  include repeated letter pairs (see McCloskey ¢
produce both of them in a word like “paot” al., 1994, for a more extensive discussion o
and to produce none in a word like ‘ait.” these two papers). Be this as it may, our ow!
Similarly, one could have tried to account forevaluation of the behavior of repeated-lette
the preservation of doubling in cases of loss dgfairs certainly did not provide any support for
information about the identity of the letter to bethe notion that they may have a distinct status
doubled by further assuming that letters thatleither did previous analyses of the perfor-
cannot be produced tend to be systematicalipance of patients LB (Caramazza & Miceli,
replaced by some specific other letters; thus, £990) and HE (McCloskey et al., 1994).
the letter “B” is hard to produce and tends to be
replaced by the letter “L,” one would expect
errors such as rabbit. RALLIT. It is clear
however that a difficulty in accessing specific Up to this point, all the evidence we have
letter identities cannot be an explanation for thpresented converges in favor of the claim the
special behavior of DL sequences, if only bedouble-letter pairs have a distinct status withir
cause it should affect repeated-letter pairs in graphemic representations. However, one me
similar way, which is clearly not the case. challenge this interpretation by suggesting the
In addition, it may be worth noting that theseFM’s pattern of performance with double-letter
results are problematic for earlier suggestionsequences could instead derive from their spe
regarding the possible special status of repeatethl, although not unique, relationship with pho-
letters pairs in spelling. For example, Lecoursiological word segments. That is, one may stil
(1966) argued, from his analysis of the spellingvant to ask whether or not the specific patteri
errors produced in the diary of Lee Harvey Osef performance observed in relation to double
wald, that most cases of letter substitutiondetter stimuli could be attributed to the fact that
omissions, additions, and transpositions indouble letters, unlike some letter sequence
volved repeated letters (whether adjacent de.g., “SK” in BASKET) but just like some
not). Also, Ellis (1979) reported, based on amthers (e.g., “CK” in ROCKET), represent a
analysis of a corpus of his own “slips of thesingle phoneme in the corresponding phonc
pen,” that virtually all occurrences of doublet-logical representation of words. Given this
creating errors (e.g., these THESSE) were property of double-letter sequences in Englist
associated with repeated-letter targets. His ione may suggest that what FM preserves is ir
terpretation of this phenomenon seems to refprmation concerning the presence in a word o
on the notion that all repeated letters, whethex letter cluster corresponding to a single pho
adjacent or not, are presented by a single lettaeme (i.e., the presence of what we will call ¢
identity token. It is unclear, however, that thedigraph) rather than specific information abou
data reported in these two papers really suppatbubling independent of letter identity. If this
the notion of a special status for repeated letteraiere the case, words that include digraph se
This is because both studies failed to demomtuences other than double letters (e.g
ROCKET) should produce the same pattern ¢
® However, it should be noted that, apart from the adval serformance as words with double letters.
tage of vowels over .copsor)ant_s which was controlled for, We tested this possibility in the same way we
there was no clear indication in the corpus that FM had o
more difficulty producing some specific letter identitiest€Sted the possibility that the double-letter effec
than some others. may be a mere letter repetition effect. That is

Are Double Letters Special Because They
Correspond to Single Phonemes?
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we asked the following questions: Is the prob// and the /r/) or because (b) some sounds we
ability of FM producing only one letter of a related to two discontinuous letters (as is mostl
sequence lower for digraph pairs than fothe case with words with a final “e,” e.g.,
matched control pairs (i.e., do digraph se*tame”), or for other similar reasons. Table 11
guences behave as units)? Is the probability shows examples of words scored as having
FM producing another digraph when he cannatigraph, no digraph, or scored as ambiguous; &
produce the correct one (e.g.,clkeet — ambiguous targets were removed from furthe
ROPHET) higher than the probability of pro- analyses. We scored the responses as includi
ducing a digraph in a control word (i.e., is therea digraph whenever they included any sequenc
a preservation of information concerning thef letters identified as a digraph in the scoring o
type of sequence to be produced independenttliye targets, whether produced in a legal conte:
from preservation of letter identity informa-or not (e.g., @ATION, BUTHRE). Note that
tion)? Is the probability of producing a digraphsome sequences, “ea” for example, function a
in response to a DL target (e.g.,bfsit — digraphs in some words (e.g., “bear,” “pear”)
RAPHIT) higher than the probability of pro- but not in others (e.g., “real,” “idea”). How-
ducing a digraph in response to a control workver, we always scored such sequences as |
and, conversely, is the probability of producgraphs when they appeared in FM’'s response
ing a DL higher for digraph words (e.g.,The reason for that is that the vast majority o
rocket— ROBBET) than for controls (i.e., are his responses were nonwords in the context ¢
DL and digraphs “interchangeable™)? Here, asvhich it is not possible to determine how am-
in the case of repeated-letter pairs, the predibiguous sequences like “ea” should be pro-
tion from the multidimensional hypothesis isnounced (e.g., APMEADON, AMMOREAT).
that the answer to all these questions should The results of the different analyses that we
be no. performed are presented in Tables 12 and 13.
The analyses we are about to present we cashould be noted that the behavior of DL se:
ried out in exactly the same way as the previouguences was re-evaluated on a subset of wor
ones. However, it should be pointed out thathat were matched to Digraph words in terms o
scoring the stimuli in terms of the presence olength.
the absence of a digraph was not as straightfor- The results of this new set of analyses can b
ward as scoring them in terms of the presence summarized as follows. First, FM’s data
the absence of a double-letter pair or a repeateshowed no evidence that digraph pairs behave
letter pair. There were, on the one hand, somes units (see Table 12): The probability of FM
clear cases in which there either was a one-tproducing only one letter of a pair was not sig-
one correspondence between letters and phaficantly different for digraph pairs versus their
nemes (e.g., “basket”), in which case thecontrols (.32 versus .47 in spelling to dictation.
stimulus would be scored as a no-digraph targe85 versus .50 in written picture naming, .19
or else cases in which there was a pair of con-
tiguous letters that clearly corresponded to a TABLE 11
single sound (e.g., “reket”), in which case the  ExampLes oF THE SCORING OF STIMULI IN'. TERMS OF THE
stimulus would be scored as a digraph target. PRESENCE ORABSENCE OF ADIGRAPH SEQUENCE
On the other hand, there were a number of casgg ...

: i . Stimuli scored Stimuli scored
tha_t were amb'QU_OUS either because (a) it wags including as including as ambiguous
difficult to determine how many phonemes the a digraph no digraph and excluded
target !ncluded (there was for. example a prob- sk bolt own
lem with words including fhphthongs, €.0., prush onion table
mouse, that some phonologists view as phono-beaver cactus flower
logical units and others as composite sounds, orbrather pumpkin history
with words like “history” where it is not clear ~ Pungabw contract question

artichoke president submarine

whether or not there is a phoneme between the
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TABLE 12
PROPORTIONS OFRESPONSESTHAT INCLUDE ONE AND ONLY ONE LETTER OF A TARGET SEQUENCE FORDOUBLE-LETTER
TARGETS, DIGRAPH TARGETS AND THEIR RESPECTIVECONTROLS

Spelling to Written picture Delayed copy
dictation naming transcoding
Double-letter targets .07 0 .09
(e.g., rdobit) 5/68 0/20 7178
Controls 44 .60 .38
(e.g., baket) 30/68 12/20 30/78
Digraph targets .32 .35 .19
(e.g., raket) 22/68 7120 15/78
Controls A7 .50 .29
(e.g., baket) 32/68 10/20 23/78

versus .29 in delayed copy transcoding). Byrable 13): No more digraphs were produced il
contrast, the probability of FM producing onlyresponse to DL targets than in response to col
one letter in DL pairs was much lower than fortrol targets (e.g., 12/36 versus 12/36 in spelling
their controls [.07 versus .44 in spelling to dicto dictation) or vice versa (e.g., 6/36 versus 6/3
tation (\*(1) = 24.4,p < .001), 0 versus .60 in in spelling to dictation).

written picture naming ¥°(1) = 17.14,p < Once more, the contrasting results obtaine
.001), .09 versus .38 in delayed copy transcodvith digraph and DL pairs clearly support the
ing (x¥*(1) = 18.7,p < .001)]. claim that DL pairs have a unique status withir

Second, there was no evidence that informaraphemic representations. Nonetheless,
tion about the presence of a digraph was preshould be noted that there was a tendency ft
served independently from information aboutligraphs to behave as units in the sense that tl
letter identities (see Table 13): FM was no morerobability of FM producing only one letter of a
likely to produce a digraph in response to #&arget sequence was lower for digraph targe
digraph target than to a control target (10/3@han for their controls. Although this difference
versus 12/36 in spelling to dictation, 4/9 versusvas not significant, it suggests that there may b
3/9 in written picture naming, 2/13 versus 2/13omething special about digraphs. Howevel
in delayed copy transcoding). this effect was of a much smaller magnitude the

Third, there was no indication that DL pairsthe one observed for DL pairs. Moreover, nc
and digraph pairs are “interchangeable” (sesimilarity was observed between digraphs an

TABLE 13
NUMBER OF ERRORSINVOLVING THE PRODUCTION OF AN ERRONEOUSDOUBLE-LETTER PAIR (DL) OR AN ERRONEOUS
DIGRAPH FOR DOUBLE-LETTER TARGETS, AND THEIR RESPECTIVECONTROLS

Spelling to Written picture Delayed copy
dictation naming transcoding
DL? Digraph? DL? Digraph? DL? Digraph?
Double-letter targets
(e.g., rdobit) 19/36 12/36 719 3/9 9/13 0/13
Controls
(e.g., baket) 5/36 12/36 1/9 2/9 1/13 4/13
Digraph targets
(e.g., reket) 6/36 10/36 1/9 4/9 1/13 2/13
Controls
(e.g., baket) 6/36 12/36 1/9 3/9 0/13 2/13

Note.Analyses include all responses in which one or both of the critical letters did not appear anywhere in the resy
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DL pairs in the two other analyses reportedfrequently on words with repeated letters or di
Therefore, it seems highly unlikely that the patgraphs than on control words without repeate
tern of performance associated with double letetters or digraphs, and (b) errors involving the
ters is due to the fact that they are digraphs, thatoduction of an erroneous repeated letter di
is, correspond to single phonemes. not occur more frequently on words with re-
peated letters than on words without repeate
letters, just as errors involving the production of

The purpose of this study was to examine than erroneous digraph did not occur more fre
claim that the word-level graphemic represenquently on words with digraphs than on words
tations used in the course of spelling should beithout digraphs. Furthermore, we also showe
viewed as multidimensional mental structurethat there were no more repeated letters or d
rather than as ordered linear sequences of afpraphs produced in response to words witl
stract letter identities. More specifically, wedouble letters than to words without double let:
aimed at testing the claim that double-letter saers and, complementarily, that no more doubl
guences have a special status within grapheniitters were produced in response to words wit
representations and that this specificity is besepeated letters or digraphs than to words witt
accounted for under the hypothesis that DL seut repeated letters or digraphs.
guences are associated to a single grapheme tointerestingly, FM’s pattern of performance
ken with quantity information being specifiedalso seemed to indicate that his knowledge c
separately. the formal properties of graphemic represente

Our study revealed that different aspects dions was not limited to knowing whether a par-
FM’s impaired spelling performance supporticular target contained a double-letter pair. Fo
this view: (a) “splitting errors” (e.g., bsket -~  example, double consonants virtually never oc
BASTEK) occurred less frequently on wordscur at the beginning of words in English and FM
with double letters than on otherwise companever produced any. Note that FM’'s honoring
rable words without double letters, (b) error®f this orthographic constraint cannot merely be
involving the production of only one letter of aexplained by the fact that he makes fewer error
target pair (e.g., ksket ~ BAKET, rabbit - in word-initial positions or by assuming that he
RABIT) occurred less frequently on words withgenerally avoids producing sequences that ¢
double letters than on words without double letnot occur in English: FM did in fact produce 17
ters, (c) errors involving the production of anerrors in which the first two letters produced
erroneous double letter (e.g., basket BAP- never occur in that sequence in English (e.g
PET; rabbit -~ RAPPIT) occurred more fre- trip — TPIR, crime - CMINE, question -
guently on words with double letters than orQAETION). In addition, FM also seemed to
words without double letters. These results inhave well-preserved knowledge of which par-
dicate that (a) double letters behave as unitcular letters can or cannot be doubled. Out o
and (b) information about grapheme quantitghe 104 double-letter substitutions that he pro
(i.e., information about doubling) can be preduced, only three involved a letter that is neve
served independently from information aboubr hardly ever doubled in English (squirrel
grapheme identity. SIQQIN, barrel - BAWWOL, arrow -

In addition, we showed that this particularAWWO).
pattern of performance was specific to double Taken together, FM’s results clearly demon
letter pairs and did not apply to other types oétrate that double-letter sequences have a sy
letter pairs that shared some surface characteial status within graphemic representations
istics with double letter sequences, namely reherefore, these representations cannot mere
peated letter (e.g.gactus) pairs and digraphs consist of a linear sequence of grapheme:
(e.g., reket). More specifically, we showed Rather, our results support the view that graphe
that (a) errors involving the production of onlymic representations are multidimensional men
one letter of a target pair did not occur lessal structures that comprise at least two separa

CONCLUSION
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dimensions: One specifying grapheme identitiggis, A.W., Youns, A., & FLupg, B. (1987). "Afferent
and another specifying grapheme quantity, or dysgraphia”in a patient and in normal subjedfg-
doubling (Caramazza & Miceli, 1990). As__"tve Neuropsychology, 465-486.

. . . . ! . T FriTH, U. (Ed.). (1980).Cognitive processes in spelling.
noted in the introduction, one implication of this | o 4on: Academic Press.

hypothesis is that brain damage may selectivelyoooman, R. A., & Caramazza, A. (1985). The Johns
affect each of these two kinds of knowledge. In  Hopkins University dysgraphia batterBaltimore,

support of this view, Miceli et al. (1995) and  MD: The Johns Hopkins University.

Venneri and Cubelli (1993) have recently reSo0PMaN. R A., & Caramazza, A. (1986). Aspects of the
spelling process: Evidence from a case of acquired dy:s

ported patients who show selective difficulties graphia.Language and Cognitive Processds,263—
in processing the doubling feature in graphemic 29g,

representations. Their patients frequently omitSoroon, B., GoobmaN-SHULMAN, R. A., & CARAMAZZA , A.
ted one of the letters in DL pairs but not letters  (1986). Separating the stages of reading erro(Re-
in other letter clusters or digraphs. It would PortNo 28). Baitimore, MD: Cognitive Neuropsychol-

. . . . ogy Laboratory, The Johns Hopkins University.
seem, then, that there is fairly compelling Vit s, ALE.. & Caraviazza, A. (1989). The graphemic

dence for the hypothesis that graphemic repre- pyster and attentional mechanismrain and Lan-
sentations are multidimensional objects and not guage,36, 208—235.
simply linear sequences of abstract letter iderdororr, W. H. N. (1983). Lexical slips of the pen and
tities. tongue: What they tell us about language production. Ii
B. Butterworth (Ed.) Language production vol. 2: De-
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