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a  b  s  t  r  a  c  t

Patients  with  letter-by-letter  alexia  may  have  residual  access  to  lexical  or semantic  representations  of
words despite  severely  impaired  overt  word  recognition  (reading).  Here,  we  report  a multilingual  patient
with  severe  letter-by-letter  alexia  who  rapidly  identified  the  language  of  written  words  and  sentences  in
French  and  English  while  he  had  great  difficulty  in  reading  them,  judging  their  lexical  status  or  extracting
semantic  information.  Lexical  decision  was  strongly  influenced  by  the  orthographic  structure  of  stimuli:
whereas  he  easily  determined  the  lexical  status  of  illegal  nonwords  (e.g.,  ‘rsdo’),  he  had  random  perfor-
eywords:
ure alexia
etter-by-letter reading
anguage
rthography

mance  with  legal  pseudowords  (e.g.,  ‘binus’).  When  asked  to determine  the  language  of meaningless  letter
trigrams  with  high  frequency  in the  English  or French  orthography  (e.g.,  ‘oth’  or  ‘iqu’)  his performance
was  significantly  above  chance.  In  contrast,  similarly  to healthy  participants  his  language  decision  was  at
chance with  low-frequency  trigrams.  These  findings  suggest  that  written  language  identification  relies

of ort
overt reading
ccipital cortex

on  sublexical  processing  

. Introduction

Letter-by-letter alexia (LBL) is an acquired reading disorder
onsecutive to left occipito-temporal damage centered on the
usiform gyrus (Cohen et al., 2003; Damasio & Damasio, 1983).
hough naming of isolated letters is often preserved in patients
ith LBL alexia word reading is laborious and characterized by

 letter-by-letter identification strategy. As a result, the time
o identify a word is linearly related to the number of its con-
tituting letters, with an increase of up to 2 s or more for each
dditional letter (Behrmann, Nelson, & Sekuler, 1998; Leff et al.,
001). Current accounts posit that the impairment preventing
atients with LBL reading from adopting the parallel process
bserved in normal readers affects peripheral processes such as
he visuo-orthographic level (Arguin & Bub, 2005; Behrmann,
laut, & Nelson, 1998; Patterson & Kay, 1982).

In spite of their laborious reading some LBL readers are able
o categorize words according to their semantic and/or lexical
tatus, suggesting at least partial activation of higher-level lexical-
emantic representations (Behrmann, Plaut, et al., 1998; Lambon
alph, Hesketh, & Sage, 2004). Evidence for this phenomenon –

ermed the Saffran effect – is the fact that some LBL readers per-
orm well above chance in lexical or in semantic decision tasks
Coslett, Saffran, Greenbaum, & Schwartz, 1993; Landis, Regard, &
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hographic  rules  specific  to  each  language.
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Serrat, 1980; Saffran & Coslett, 1998). Here, we  present a LBL patient
(AL) who  demonstrates a form of Saffran effect that has not been
described yet: he was  able to identify rapidly and without effort the
language of words and sentences that he failed to read. Several neu-
ropsychological and neurophysiological studies support the idea
that the human brain, as a result of perceptual experience, encodes
the orthographic structure of a specific language (McClelland &
Rumelhart, 1981). More precisely, Binder et al. (Binder, Medler,
Westbury, Liebenthal, & Buchanan, 2006; see also Dehaene, Cohen,
Sigman, & Vinckier, 2005) demonstrated that the left lateral
fusiform gyrus, a region whose damage is critical for the occurrence
of pure alexia, is sensitive to the familiarity of letter combinations.
According to these findings, we  hypothesize that AL’s language
decision might be based on the detection of local orthographic reg-
ularities that are specific to each language. For example, the letter
trigram ‘oth’ is common in English, but does not exist in French
whereas the trigram ‘iqu’ is frequent in French, but not in English.
Based on this hypothesis we expected that AL is capable of identi-
fying the language of nonsense letter combinations provided they
have a high frequency of occurrence in a specific language.

2. Material & Methods

2.1. Patient description
AL was  a highly educated, 72-year-old right-handed man  who
suffered a left medial occipito-temporal ischemic stroke (Fig. 1)
causing pure alexia and right superior quadrantanopia. He was  a
native French-speaker. He had excellent knowledge of English and

dx.doi.org/10.1016/j.neuropsychologia.2012.02.017
http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
mailto:marie.dipietro@hcuge.ch
dx.doi.org/10.1016/j.neuropsychologia.2012.02.017
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Fig. 1. T2-weighted MRI-scan showing ischemic damage to the left occipito-temporal cortex involving the fusiform (FusG), lingual, lateral occipital, and posterior parahip-
pocampal gyrus.

Table 1
Results of neuropsychological evaluation.

Function Test Patient raw score (%) Percentile Classification

Naming on definition Boston Naming Test (1) 19/20 (95%) >50 High average
Repetition Clinical protocol 44/44 (100%) High average
Oral  comprehension MT-86 (2) 43/47 – High average
Writing (oral spelling) Items from de Partz (3) Regular words

19/20
– Average

Irregular words
18/20

– Average

Reading from oral spelling Examen des Dyslexies Acquises (4) 97/99 (98%) – High average
Visual  recognition VOSP incomplete letters 14 18.8 Impaired

VOSP  Object Decision 16 17.7 Low average
VOSP  Dot Counting 10 9.9 High average
VOSP  Position Discrimination (5) 20 19.6 High average

Memory Warrington words (6) 43 43 High average
Executive functions Verbal fluency (7) 34 34.2 Average

Figural fluency (8) 16 26.3 Low average
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. Kaplan, Goodglass, & Weintraub (1983); 2. Nespoulous et al. (1992); 3. de Partz (19
nd  Thurstone (1963);  8. Regard (1981).

ood knowledge of German (languages he had often used during
is professional life), though he had mostly stopped to use these

anguages since the time of his retirement (seven years prior to
his study). Using the classification of Roux et al. (2004) at the
ime of this study AL would be classified as LIII (acquisition of
nglish and German after the age of 7 years, not spoken every
ay). Standardized neuropsychological testing revealed moderate
eficits of verbal and non-verbal memory, executive functions and
isual identification (Table 1). Other cognitive functions, including
deomotor praxis, arithmetic skills and short-term memory, were
ormal. Oral production of language, comprehension and repeti-
ion were normal, and writing was intact. The most apparent deficit
as an inability to read visually presented material, while identi-
cation of words orally spelled was virtually perfect. He showed
xtremely laborious letter-by-letter reading, sometimes confusing
ven single letters, and was often unable to identify a word even
nder unlimited exposure. For example, AL would identify the word
étoile” (star) as /e/ /tO/ /i/ /b◦/ /e/ (corresponding to: é-to-i-beé)
n a first attempt, and subsequently as /etwab/ (corresponding to:
toibe) which took him more than 10 s. Amazingly, when asked to
ndicate in what language a text that he was unable to read was

ritten (English, French, or German), he immediately recognized
he language. Given the absence of aphasia in French, and the fati-
ability of the patient, we  decided not to examine spoken English.
.2. General methods

The study started 3 months after the stroke and lasted for 6
onths. During this period the patient’s reading deficit remained
. Lemay (1990); 5. Warrington and James (1991); 6. Warrington (1984); 7. Thurstone

stable. Evaluation of reading was performed in French and English.
The patient’s performance was compared to three age- and gender-
matched healthy volunteers (3 males, mean age, 71 ± 2.7 years).
All were native French speakers with excellent knowledge of writ-
ten English which had been acquired after the age of 7 years and
not spoken every day (proficiency classified as LIII according to
Roux et al. (2004)). The study was  approved by the Ethics Com-
mittee of the University Hospital of Geneva, and all participants
gave informed, written consent.

Before every experiment, several practice trials were performed.
Item presentation in each experiment was pseudo-randomized and
counterbalanced across control-subjects. Stimuli were presented
centrally on a 17′′ computer-screen in black letters (Arial, size 36)
on white background. A central fixation cross was presented for
1000 ms,  followed by a blank screen (100 ms), and the stimulus
(either 400 ms  or unlimited, as specified below). In the naming and
reading tasks, responses were registered with a voice-sensitive key
with millisecond accuracy. In the forced-choice tasks, participants
responded by pressing one of two  keys on a button box with their
left and right index finger.

2.3. Reading
2.3.1. Methods
Reading of letters was  evaluated by asking participants to name

each letter of the Latin alphabet presented for unlimited time.
Upper and lowercase letters were presented in pseudo-random
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Table 2A
Summary of reading performance.

Exposure time Errors raw score (%) Total error rate (%) Normal values (mean errors raw score 3 controls) p*

Letter reading
Uppercase ∞ 7/52 (13%) 14% 0/52 (0%)
Lowercase ∞  8/52 (15%) 0/52 (0%)
Word reading
French, high-frequency ∞ 6/17 (35%) 46% 0/17 �2 = 1.44, ns
French,  low-frequency ∞ 11/20 (55%) 0/20
English, high-frequency ∞ 11/24 (46%) 53% 0/24 �2 = 0.92, ns
English, low-frequency ∞ 16/27 (59%) 0/27
French, high-frequency 400 ms 13/17 (77%) 81% nt �2 = 0.44, ns
French,  low-frequency 400 ms  17/20 (85%) nt
English, high-frequency 400 ms  20/24 (83%) 88% nt �2 = 1.05, ns
English, low-frequency 400 ms  25/27 (93%) nt
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s, not significant.
* p: comparison between high- and low-frequency words for unlimited and 400 m

rder in a single block of 52 stimuli. Two trials were made on two
eparate sessions. Reading accuracy and latency was  assessed.

Word reading was assessed by asking participants to read aloud
rench and English words. The French list contained 37 words of
igh (n = 17) and low frequency (n = 20) taken from the EDA Battery
Lemay, 1990). Word length was 3 (n = 5), 4 (n = 6), 5 (n = 6), 6 (n = 7),

 (n = 8), 8 (n = 4) and 9 (n = 1) letters. The English list contained 51
ords of high (n = 24) and low frequency (n = 27) taken from the

ALPA Battery (Kay, Lesser, & Coltheart, 1992). Word length was 3
n = 1), 4 (n = 11), 5 (n = 12), 6 (n = 12), 7 (n = 11), 8 (n = 2) and 9 (n = 2)
etters. The distribution of words as a function of word length and
requency is shown in Table 2B.  French and English words were
resented in the same block and in pseudo-random order.

.3.2. Results
Table 2A shows the patient’s error rate in letter and word

eading. Reading was extremely laborious with a difficulty to
dentify single letters when embedded within words or when
resented alone (14% errors, 15/104). AL’s difficulties with sin-
le letter reading did not differ significantly from his performance
hen identifying fragmented letters of the Visual Object and Space

erception Battery (Warrington & James, 1991) (�2 = 2.67, ns), sug-
esting that degrading perceptual information did not exacerbate
is reading deficit.

When there was no time limitation, AL failed to read a com-
arable proportion of French and English words (46% and 53%,
espectively; �2 = 1.44, ns). Most reading errors were neologisms:
or example, AL read ‘gazon’  (French ‘lawn’) as ‘dizal’ and ‘cart’ as
rast’. When exposure was limited to 400 ms,  a presentation time
t which healthy readers easily recognize single words, he failed
o read 81% French and 88% English words (�2 = .87, ns). In order
o investigate more precisely the effect of exposure time, we ana-
yzed AL’s reading errors separately for French and English, high-
nd low-frequency words. Not surprisingly, the patient performed
etter with unlimited presentation time as compared with 400 ms
oth for high- and low-frequency words (French high-frequency
ords: �2 = 5.85, p < .05; French low-frequency words: �2 = 4.29,

 < .05; English high-frequency words: �2 = 7.38, p < .01; English
ow-frequency words: �2 = 8.21, p < .01). More importantly, AL’s
eading was not affected by word frequency. His performance was
omparable for words of high- and low-frequency, whether we
xamined the entire list (Table 2A)  or tested for frequency effects
s a function of word length (Table 2B).

One of the hallmarks of LBL is a linear increase of reading time
ith increasing word length; this is generally evaluated with sim-

le regression. Unfortunately, due to his severe alexia AL read only
0 French and 24 English words correctly under unlimited expo-
ure time. This number further decreased following exclusion of
our outliers (reading time > 15 s). Nevertheless, a normality test
osure time.

(Kolmogorov–Smirnoff) showed that the distribution of reading
times was normal. Even with this limited data set we  found that
AL’s reading times linearly increased as a function of word length
(French and English combined: F(1,39) = 4.93, p < 0.5; linear trend:
1040 ms/letter; Fig. 2), confirming the serial, letter-by-letter read-
ing strategy typical for pure alexia. In contrast, the reading speed
of the control participants was independent of word length (linear
trend: 8 ms/letter; not significant).

In sum, AL’s reading performance was  comparable for French
and English, independent of word frequency, but strongly affected
by word length. These characteristics indicate that the patient suf-
fered from a peripheral reading disorder and justify a classification
of his disorder as pure alexia.

2.4. Lexical and semantic decision

2.4.1. Methods
The severe impairment of letter and word identification and the

effect of word length indicated that AL had pure alexia. Some LBL
readers may  extract lexical or semantic information from words
that they are unable to identify explicitly (Coslett & Saffran, 1989;
Landis et al., 1980). Access to lexical or semantic knowledge would
provide an explanation of AL’s ability to identify the language of
written material. We  therefore next examined whether our patient
was able to extract lexical and semantic information from French
and English words.

In the lexical decision task, participants were instructed to
indicate whether a written stimulus (word or pseudoword) rep-
resented an existing word or not. The French corpus contained 96
stimuli (EDA battery; Lemay, 1990), half being real words (word
length: 3–9 letters) of high (n = 25) or low frequency (n = 23) and the
other half pseudowords (36 orthographically plausible, like ‘chopa-
dat’; 12 orthographically non-plausible, like ‘rlecpaefe’). The English
corpus contained 180 words (PALPA Battery; Kay et al., 1992) half
being real words (word length: 3–9 letters) of high (n = 45) or low
frequency (n = 45) and the other half pseudowords (60 orthograph-
ically plausible, like ‘binus’; 30 orthographically non-plausible, like
‘rsdo’).

The semantic decision task tested whether AL was able to
extract categorical information from visually presented words. The
task was to classify words according to whether they belonged to
the category of fruits or not. For 400 ms  exposure time, 36 high-
frequency French words and the same number of English words,
belonging to one of four semantic categories (fruit, animal, furni-

ture or transport) were selected (word length: 4–10 letters). For
1000 ms  exposure time, the experiment was  performed with 32
French and 32 English words. Testing was  performed separately
for in French and English.
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Table 2B
Reading performance under unlimited time across word-letter lengths and frequency.

3–4 letters p 5–6 letters p 7–8–9 letters p

English Low frequency 5/8 (.63) �2 = 0.18, p ns 9/13 (.69) �2 = 2.59, p ns 2/6 (.33) �2 = 0.18, p ns
High  frequency 3/4 (.75) 4/11 (.36) 4/9 (.44)

French Low  frequency 5/6 (.83) �2 = 0.74, p ns 4/6 (.67) �2 = 1.88, p ns 2/8 (.25) �2 = 0.04, p ns
High  frequency 3/5 (.60) 2/7 (.29) 1/5 (.20)
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ig. 2. (A) Reading times (only correct responses) for the patient (filled circles) and 

he  linear trend. (B) Cumulative distribution of reaction times in the language decis

.4.2. Results

.4.2.1. Lexical decision. AL made 28/96 (29%) errors with French
ords. He classified 10/48 (21%) real words as non-existent
ords, and his performance with pseudowords was significantly

nfluenced by orthographic plausibility. Indeed, lexical decision
ith plausible pseudowords (18/36 errors; 50%) was significantly
orse than with non-plausible pseudowords (0/12 errors; �2 = 9.6,

 = .001). In English, overall performance was 68/180 errors (38%).
L made 21/90 (23%) errors with real words and produced a signifi-
antly higher error rate with plausible (45/60 errors, 75%) than with
on-plausible pseudowords (2/30 errors, 7%; �2 = 37.42, p < .001).
he stronger tendency in English compared to French to accept
lausible pseudowords as real words can be interpreted in terms
f differences in language proficiency: AL might have had stronger
ontrol over his tendency to accept regular pseudowords in French
ecause his lexicon was richer in this language.

Given the high frequency of lexical decision errors with plau-
ible pseudowords in English, we compared AL’s performance
cross languages. Comparison of overall performance in French and
nglish was not significant (�2 = 2.05, ns). In contrast, while AL had

 stronger tendency in English than in French to classify plausible
seudowords as existing words (�2 = 6.23, p < 0.5), no such differ-
nce was observed for non-plausible pseudowords (�2 = 0.84, ns).

Healthy participants made on average 1.7 (2%) errors in French
nd 5.67 (5%) errors in English.

.4.2.2. Semantic decision. In the semantic decision task AL’s per-
ormance was at chance when exposure time was limited to
00 ms  (French: 17/36 errors, 47%; English: 21/36 errors, 58%),
ith no difference between the two languages (�2 = 0.89, ns).
one of the healthy controls made any error in this task. With
000 ms  exposure, performance decreased,  but remained similar
or French (22/32, 69% errors) and English (24/32, 75% errors;
2 = 0.31, ns). The number of errors was above chance due to a
ystematic bias of AL to classify words as belonging to the cate-
ory of fruits (this bias might have been provoked by the demand
f the task, which required semantic classification with only one
ategory).

These results of the lexical decision task demonstrate that AL

as partially impaired in discriminating between words and pseu-
owords. He was unable to determine the lexical status of plausible
seudowords, but was nearly flawless when pseudowords did not
espect orthographic rules. In addition, the patient had no access to
l participants (empty circles) as a function of word length. The diagonal line shows
d word reading tasks.

semantic information in words even when presentation time was
1000 ms.

2.5. Language decision: words and sentences

2.5.1. Methods
Clinical observations suggested, that despite severe alexia, AL

was able to determine whether a sentence or a word was written
in French, English, or German. In order to examine the precision
and speed of this ability, we  asked him to identify the language
of written words and of sentences. In the first experiment partici-
pants were asked to decide whether a word displayed for 400 ms
was a French or an English word. The material employed in this
experiment was  composed of the same words used for the reading
task.

The second experiment examined AL’s language decision with
sentences. Participants were asked to indicate whether a sentence
displayed for 1000 ms  was written in French, English, or German.
We constructed 15 sentences in each language that did not contain
language-specific properties, such as upper-case letters for German
nouns and accents in French and German. For example, the sen-
tence ‘he is in the process of selling or renting them’ was presented
in English, French (‘il est en train de les vendre ou de les louer’) or
German (‘er ist dabei, sie zu verkaufen oder zu vermieten’).

2.5.2. Results
AL made few errors in language decision, his performance

being significantly above chance for high-frequency (8/41 errors,
19.5%; �2 = 8.4, p < .01) and low-frequency words (6/46 errors,
13%; �2 = 14.6, p < .001). Language decision was comparable for
French words (7/36, 19% errors) and English words (7/51, 14%
errors; �2 = 0.51, ns), even when high- and low-frequency words
were compared separately (high frequency: French 4/17 errors,
English 3/27 errors; �2 = 1.20; low frequency: French 3/19 errors,
English 4/24 errors; �2 = 0.005). Control participants made on aver-
age 1.7/41 errors (4.1%) for high-frequency words and 2/46 errors
(4.3%) for low-frequency words. The results in sentence language
identification were similar to those obtained in word language
identification. Since there were three alternatives in this task, the

error rate obtained by guessing would be 67%. AL made only 13.3%
errors (6/45), a percentage that was  significantly different from the
guessing rate (�2 = 26.7, p < .0001). Control participants made no
errors in this task.
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In order to examine whether AL’s language decision was based
n partial access to lexical or semantic knowledge, we compared
is respective error rates in the language, lexical and semantic deci-
ion tasks. Language decision (14/87 errors, 16.1%) was  far superior
o lexical decision (91/204 errors, 44.6%; �2 = 21.5, p < .001) and
emantic decision (38/72 errors, 52.8%; �2 = 24.09, p < .001), sug-
esting that residual lexical or semantic processing cannot account
or AL’s capacity to recognize written language.

AL’s language decision performance strongly contrasted with
is laborious reading; nevertheless, it was possible that AL relied
n his impaired reading when identifying the language of words.
f this were the case, we would expect to find an effect of word
ength on language decision (similarly to the word-length effect in
eading). We  compared the rates of correct answers in the language
ecision task for short (3–4 letters) and long (7–9 letters) words, but
ound no difference in French (Fisher exact test, p = .71) and English
p = .55). In order to examine whether word length affected reac-
ion times in the language decision task as a function of language,
e analyzed the data with language as categorical factor and the
umber of letters as covariate. Results of this analysis showed that
eaction times in the language decision task were neither influ-
nced by word length (F = 1.68; ns) nor by language (F = 0.19, ns). In
ddition, AL’s performance in language decision was  considerably
aster than his performance in word reading (Fig. 2). When identify-
ng the language of words he gave more than 90% responses within
he first 4 s following target presentation, in comparison to less
han 10% responses when attempting to read words. His average
esponse time was 1148 ms  for language decision against 9733 ms
or reading, reflecting an increase of 748%. Control participants also
ound the language decision task easier, but their response time for
eading compared to language decision only increased by 10%, 18%,
nd 66%, respectively. Their reaction time in the language decision
ask was neither influenced by word length (F = 2.88, ns) nor by
anguage (F = 1.38, ns).

Considered together, the results from the reading, lexical deci-
ion, semantic decision and language decision experiments show

 clear effect of task on performance. AL obtained by far the best
esults in language decision; he performed slightly above chance in
exical decision (though only for French words), while performance
id not differ from chance in semantic categorization. The partial
ccess of AL to information that specifies the language and partially
lso the lexical status of words contrasted strongly with his severely
mpaired reading. Considering our results in a cross-linguistic per-
pective, the results from the reading, lexical and semantic decision
xperiments suggested that performance was similar in English and
rench in reading, and was not affected by word frequency. Lexical
nd semantic decision also were similar in the two  languages, with

 significant effect of orthographic plausibility (plausible vs. non-
lausible pseudowords), even though performance for plausible
seudowords was more severely impaired for English.

.6. Language decision: trigrams

.6.1. Methods
Normal readers show superior recognition of briefly presented

etters when they belong to a word compared to when they are part
f a nonsense letter string (McClelland & Rumelhart, 1981). This
nding suggests that as a result of experience with written lan-
uage, readers encode implicit rules characterizing recurring letter
ombinations. The fact that AL’s lexical decision was strongly influ-
nced by the orthographic regularity of pseudowords suggests that
he patient’s language decision might be based on the recognition

f basic orthographic structure. In order to verify this hypothesis we
sked the patient to identify the language of nonsense three-letter
equences (trigrams) varying in orthographic familiarity, with tri-
rams that had high frequency in one language and low frequency
Fig. 3. Correct responses in language identification with trigrams. The dashed hor-
izontal line indicates chance performance.

in the other language (e.g., ‘iqu’ in French; ‘oth’  in English). As a
control condition, we also presented a list of trigrams with low-
frequency in both languages.

In the high-orthographic familiarity condition, 20 legal high-
frequency trigrams were selected in French and in English.
Frequency was  determined with the Lexique database (New, Pallier,
Ferrand, & Matos, 2001) for French trigrams and the MCWord
database (Medler & Binder, 2005) for English trigrams. French tri-
grams had a mean frequency of occurrence of more than 5000
per million; for English trigrams the frequency was greater than
1000 per million. In the low-orthographic familiarity condition, 15
legal low-frequency trigrams (average frequency < 500 per million
in French and <440 per million in English) were selected. None of
the trigrams formed an existing word.

Trigrams were displayed for 400 ms,  flanked by peripheral sym-
bols (e.g., ##gth##) in order to give the visual impression that
the trigram was  embedded within a word whose first and last let-
ters were masked. Each trigram was presented once in lowercase
and once in uppercase. Language decision of high-frequency and
low-frequency trigrams was tested in separate blocks. In order to
increase the number of presentations, the low-frequency trigrams
were tested on two different occasions.

2.6.2. Results
Fig. 3 shows the results. AL’s responses were slightly biased

towards classifying trigrams as English rather than French.
However, independent of this bias, his language decision with
high-frequency trigrams was highly accurate: he classified 66/80
(82.5%) high-frequency trigrams correctly (English: 1/40 errors,
2.5%; French: 13/40 errors, 32.5%). In contrast, performance did not
significantly differ from chance for low-frequency trigrams: the
patient made 64/120 (53.33%) errors for low-frequency trigrams,
with a difference between English and French. The difference
between high- and low-frequency trigrams was highly significant
for French (�2 = 10.16, p < .01) and for English (�2 = 19.13, p < .001).
Similarly to AL healthy participants scored well above chance
for high-frequency trigrams (mean, 2.66/40 errors; 6.65%) and at
chance for low-frequency trigrams (mean, 33/60 errors; 55%).

These findings provide a plausible explanation for AL’s perfor-
mance on language decision tasks: he showed a similar pattern of
responses as healthy participants when asked to discriminate the

language of high- and low-frequency trigrams, suggesting that he
had relatively preserved access to basic orthographic regularities
specific to each language. The question that emerges from this find-
ing is whether AL extracted orthotactic rules by using his impaired
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eading or by an alternative (faster) route. The fact that his lan-
uage decision is more than seven times faster than his reading
rgues for the latter possibility. There is however, a further finding
hat argues against an explanation of AL’s capacity to identify writ-
en language by using his residual reading capacity. Since AL shows

 serial reading strategy, one might assume that he identifies the
anguage of a word by systematic reading of the first characters. In
nalogy to our findings for high- and low-frequency trigrams this
ypothesis predicts that language decision of AL is above chance

or words whose initial trigram is frequent and at chance when the
nitial trigram has low frequency. In order to test this prediction, we
xtracted the initial trigram of each word used in the language deci-
ion experiment (Section 2.4) and calculated its frequency using
he Lexique database (New et al., 2001) for French trigrams and the

CWord database (Medler & Binder, 2005) for English trigrams. We
orted French and English words according to the frequency of their
nitial trigram, split each list in half and then examined whether
anguage decision was better for the high-frequency half than the
ow-frequency half. This was not the case: AL made a compara-
le proportion of errors when the initial trigram had high (French:
/18 errors, 17%; English: 4/26 errors, 15%) and when it had low fre-
uency (French: 4/18 errors, 22%; English: 3/25 errors, 12%). Thus,
hese findings argue against the hypothesis that AL identified the
anguage of words based on serial reading of the initial letters.

Recent evidence suggests that the surface properties of words
 termed orthographic goodness or typicality and measured by
igram or trigram frequency – influence word recognition (Hauk
t al., 2006; Rogers, Ralph, Hodges, & Patterson, 2004; Woollams,
ilani, Okada, Patterson, & Price, 2011). Our results suggest that
L had relatively preserved knowledge of orthographic properties
s his performance in language decision on trigrams was  bet-
er for high- than low-frequency trigrams. In order to perform a
nal analysis we examined whether a compound score reflecting
rthographic typicality of whole words was a predictor of AL’s per-
ormance in reading and language decision. Following a procedure
escribed previously (Rogers et al., 2004), we extracted the fre-
uency of each trigram that could be formed from a given word,
sing the corresponding French (New et al., 2001) and English
atabases (Medler & Binder, 2005), and then computed the sum
f all trigram frequencies for each individual word.

T-tests comparing the average trigram frequency of words read
orrectly or classified correctly in the language decision task were
ot significant. Further, analysis of covariance using language as
ategorical predictor, and trigram frequency as continuous pre-
ictor showed that neither of these factors affected reaction time
f AL (reading: F = 1.495; ns; language decision: F = 0.32; ns) or
ontrols (reading F = 0.27; ns; language decision F = 0.33; ns) in
eading and language decision. Thus, while AL was capable to
etermine the language of isolated trigrams based on their fre-
uency, a compound score of within-word orthographic typicality
as not a reliable predictor of reading or language classification
erformance.

. Discussion

This patient with severe letter-by-letter alexia retained the
bility to identify the language of a word even though he was
ostly unable to identify the word through explicit reading. In

ontrast to his ability to detect the language of written text, he
ad great difficulty in reading even single letters; reading words
as extremely laborious when given unlimited time and virtually
mpossible when exposure time was limited. To our knowledge this
ew form of Saffran effect – preserved access to the language of
ords – has previously only been reported in anecdotal form by
ohen, Dehaene, Chochon, Lehericy, and Naccache (2000).
ogia 50 (2012) 1327– 1334

In  all experiments we  assessed residual reading abilities of AL in
French and English. We  found that performance was highly similar
in both languages: reading times and percentage of errors in read-
ing were comparable across languages; there was no frequency
effect in either language, and similar performance in the seman-
tic decision task and the lexical decision task with non-plausible
pseudowords.

An intriguing finding was  that AL’s language decision dissoci-
ated from his lexical decision with legal pseudowords (near chance)
and from his capacity to extract semantic knowledge. Although
not all LBL readers exhibit implicit reading, several patients have
been described who  are able to access lexical and semantic knowl-
edge despite severely impaired reading. For example (Coslett &
Saffran, 1989), reported 4 patients with pure alexia and LBL reading
who performed above chance on forced-choice lexical decision and
semantic categorization tasks with briefly presented words that
they were unable to identify explicitly. Similarly, Lambon Ralph
et al. (2004) reported a single patient who  scored above chance on
semantic categorization tasks despite very poor reading.

In order to account for these residual abilities (sometimes
referred to as ‘covert’ reading) in pure alexia, Behrmann, Plaut,
et al. (1998) proposed that despite impaired parallel processing
of letters, some degraded information reaches higher-level (lex-
ical/semantic) representations, which in turn provide top-down
feedback and allow covert identification of written content. This
hypothesis is based on the Interactive Activation Model of visual
word recognition (IAM) by McClelland and Rumelhart (1981),
according to which word perception takes place in a process-
ing system with three levels of representation: the feature level,
the letter level, and the word level. Activation at each level rein-
forces activations of the other levels through feedforward and
feedback processes. Such top-down activation may  explain the
word-superiority effect where a letter (e.g., A) is best perceived
when embedded in a word (e.g., BAG) than in a nonword (e.g.,
GAB). Within the IAM model, covert reading (e.g., lexical or seman-
tic decision) is possible because visual input – albeit impoverished –
reaches the word level and thus partly activates lexical and seman-
tic representations (Behrmann, Plaut, et al., 1998). Applied to the
present data this model can explain AL’s impaired access to lexical
and semantic representations by invoking a deficit at the lower lev-
els (i.e., letter and possibly feature level). Indeed, AL had a severe
deficit affecting performance down to the identification of sin-
gle letters and which became apparent even with non-linguistic
material. Therefore, his poor visual analysis might have precluded
unconscious activation of higher-level representations necessary
for accurate lexical and semantic judgments. In line with this
account are reports of pure alexic readers whose deficit to pro-
cess orthographic material extends to a general perceptual deficit
(Behrmann, Nelson, et al., 1998; Farah & Wallace, 1991). Our experi-
mental findings suggest that AL was able to extract basic orthotactic
rules from words and even nonword trigrams. This finding enables
us to trace a parallel to auditory word recognition. Current the-
ories assume that the latter relies on partly independent lexical
(words) and sublexical representations (phonemes and syllables;
McClelland & Elman, 1986; Norris, McQueen, & Cutler, 2000).
Vitevitch and Luce (1998) have suggested that the probability
with which phonemes co-occur – that is probabilistic phonotac-
tic information – facilitates classification of spoken nonwords (or
unknown words) with high phonotactic probability. Orthographic
structure can be operationalized as the frequency of small, mean-
ingless letter sequences (trigrams or bigrams) in each language.
High-frequency trigrams are letter-sequences whose occurrence

in a given language is highly probable, while low-frequency tri-
grams are orthotactic patterns with low probability. Our patient
was able to identify the language of frequent trigrams, suggesting
that he retained the ability to detect basic orthographic regularities
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hat specify a given language. In lexical decision task we  found that
erformance of AL was fast and accurate for illegal pseudowords,
hich was not the case for legal pseudowords.

A recent model of word identification in bilinguals (bilin-
ual interactive activation model; Dijkstra & Van Heuven, 2002)
ssumes that initial stages of visual word recognition involve a par-
llel activation of orthographic representations in both languages.
sing bilingual lexical decision tasks Lemhofer and Dijkstra (2004)
ave found that participants first make a distinction between
he two languages and then access semantic knowledge. The
uthors propose that this early process of language discrimination
s either based on sublexical information specific for each language
orthographic typicality) or on lexical information (orthographic
eighborhood). The former hypothesis is in line with our finding
hat in the language decision task AL was able to categorize sublex-
cal information specific to each language.

In conclusion, our data show that the covert ability to iden-
ify the language of written material without being able to identify
ords or extract lexical and semantic information depends on pre-

erved access to sublexical orthographic representations. In normal
eaders the visual recognition system develops a high degree of
erceptual expertise with familiar letter sequences (Gauthier, Tarr,
nderson, Skudlarski, & Gore, 1999). This knowledge concerns the

inguistic regularities associated with word-parts at a sublexical
evel. Results of several studies have provided evidence supporting
he existence of intermediate levels between letters and words in
isual word processing. Using the illusory conjunction paradigm
after a presentation of a target letter, subjects are rapidly pre-
ented with a stimulus word in colored letters, and then have to
ndicate the color of the target letter) Rapp and Carreiras et al.
Carreiras, Vergara, & Barber, 2005; Rapp, 1992) showed that sub-
ects were more prone to make a false color conjunction between
etters which were part of the same syllable unit compared with
etters that were non-syllable units. Similar results were found
n ERP studies (Carreiras et al., 2005). Neuropsychological studies
lso found evidence that some pure alexic patients have the abil-
ty to integrate sub-lexical orthographic information. Similarly to
ur present study, Rosazza, Appollonio, Isella, and Shallice (2007)
resented letter trigrams representing orthographically plausible
r non-plausible syllables to two pure alexic patients (FC and LDS).
hey found that one of these patients was better able to identify
he three individual letters of plausible compared to non-plausible
rigrams, suggesting that access to sublexical (syllabic) information
acilitated letter identification. These findings are further supported
y findings from functional neuroimaging, which suggest that the
erceptual system of literate adults is sensible to recurring letter
ombinations (Binder et al., 2006). Our patient’s ability to identify
ritten language based on trigram frequency suggests that dam-

ge to the putative occipito-temporal word-form area may  severely
mpair reading, yet spare sublexical orthographic processing.

cknowledgements

We  are indebted to AL for his cooperation during this study.
e thank Max  Coltheart for helpful comments on this study.

tudy supported by the Swiss National Science Foundation (grant
20030-132447 and grant 320030-134591).

eferences
rguin, M.,  & Bub, D. (2005). Parallel processing blocked by letter similarity in
letter by letter dyslexia: A replication. Cognitive Neuropsychology, 22(5), 589–
602.

ehrmann, M.,  Nelson, J., & Sekuler, E. B. (1998). Visual complexity in letter-by-letter
reading: Pure alexia is not pure. Neuropsychologia,  36(11), 1115–1132.
ogia 50 (2012) 1327– 1334 1333

Behrmann, M., Plaut, D. C., & Nelson, J. (1998). A literature review and new data
supporting an interactive account of letter-by-letter reading. Cognitive Neu-
ropsychology,  15(1/2), 7–51.

Binder, J. R., Medler, D. A., Westbury, C. F., Liebenthal, E., & Buchanan, L. (2006).
Tuning of the human left fusiform gyrus to sublexical orthographic structure.
NeuroImage,  33,  739–748.

Carreiras, M., Vergara, M.,  & Barber, H. (2005). Early ERP effects of syllabic process-
ing  during visual word recognition. Journal of Cognitive Neuroscience, 17,  1803–
1817.

Cohen, L., Dehaene, S., Chochon, F., Lehericy, S., & Naccache, L. (2000). Language and
calculation within the parietal lobe: A combined cognitive, anatomical and fMRI
study. Neuropsychologia, 38(10), 1426–1440.

Cohen, L., Martinaud, O., Lemer, C., Lehéricy, S., Samson, Y., Obadia, M.,  et al. (2003).
Visual word recognition in the left and right hemispheres: Anatomical and func-
tional correlates of peripheral alexias. Cerebral Cortex,  13,  1313–1333.

Coslett, H. B., & Saffran, E. M.  (1989). Evidence for preserved reading in ‘pure alexia’.
Brain,  112(Pt 2), 327–359.

Coslett, H. B., Saffran, E. M.,  Greenbaum, S., & Schwartz, H. (1993). Reading in pure
alexia. The effect of strategy. Brain, 116(Pt 1), 21–37.

Damasio, A. R., & Damasio, H. (1983). The anatomic basis of pure alexia. Neurology,
33(12), 1573–1583.

Dehaene, S., Cohen, L., Sigman, M.,  & Vinckier, F. (2005). The neural code for written
words: A proposal. Trends in Cognitive Science, 9(7), 335–341.

de Partz, M.P. (1994). Batterie cognitive d’examen de l’écriture. Bruxelles: Cliniques
universitaires Saint-Luc.

Dijkstra, A., & Van Heuven, W.  J. B. (2002). The architecture of the bilingual word
recognition system: From identification to decision. Bilingualism: Language &
Cognition,  5, 175–197.

Farah, M.  J., & Wallace, M.  A. (1991). Pure alexia as a visual impairment: A reconsid-
eration. Cognitive Neuropsychology, 8(3–4), 313–334.

Gauthier, I., Tarr, M.  J., Anderson, A. W.,  Skudlarski, P., & Gore, J. C. (1999). Activation
of  the middle fusiform ‘face area’ increases with expertise in recognizing novel
objects. Nature Neuroscience, 2(6), 568–573.

Hauk, O., Patterson, K., Woollams, A., Watling, L., Pulvermuller, F., & Rogers, T. T.
(2006). [Q:] When would you prefer a SOSSAGE to a SAUSAGE? [A:] At about
100 msec. ERP correlates of orthographic typicality and lexicality in written
word recognition. Journal of Cognitive Neuroscience, 18(5), 818–832.

Kay, J., Lesser, R., & Coltheart, M.  (1992). Psycholinguistinc assessments of language
processing in aphasia (PALPA). East Sussex: Psychology Press.

Kaplan, E.F., Goodglass, H., Weintraub, S. (1983). The Boston Naming Test. Philadel-
phia: Lea and Febiger.

Lambon Ralph, M.  A., Hesketh, A., & Sage, K. (2004). Implicit recognition in pure
alexia: The Saffran effect – A tale of two systems of two  procedures? Cognitive
Neuropsychology,  21(2/3/4), 401–421.

Landis, T., Regard, M., & Serrat, A. (1980). Iconic reading in a case of alexia without
agraphia caused by a brain tumor: A tachistoscopic study. Brain and Language,
11,  45–53.

Leff, A. P., Crewes, H., Plant, G. T., Scott, S. K., Kennard, C., & Wise, R. J. (2001). The
functional anatomy of single-word reading in patients with hemianopic and
pure alexia. Brain, 124(Pt 3), 510L 521.

Lemay, M.  A. (Ed.). (1990). Examen des Dyslexies Acquises. Montréal: Editions Point-
Carré.

Lemhofer, K., & Dijkstra, T. (2004). Recognizing cognates and interlingual homo-
graphs: Effects of code similarity in language-specific and generalized lexical
decision. Memory & Cognition, 32(4), 533–550.

McClelland, J. L., & Elman, J. L. (1986). The TRACE model of speech perception. Cog-
nitive Neuropsychology, 18,  1–86.

McClelland, J. L., & Rumelhart, D. E. (1981). An interactive activation model of context
effects in letter perception: I. An account of basic findings. Psychological Review,
88(5),  375–407.

Medler, D. A., & Binder, J. R. (2005). MCWord: An On-Line Orthographic Database of
the  English language from http://www.neuro.mcw.edu/mcword/.

Nespoulous, J.L., Roch Lecours, A., Lafond, D., Lemay, A., Puel, M.,  Joanette, Y.
et  al. (1992). Protocole Montréal-Toulouse d’examen linguistique de l’aphasie.
L’Ortho-Edition.

New, B., Pallier, C., Ferrand, L., & Matos, R. (2001). Une base de données lexicales
du  franç ais contemporain sur Internet: LEXIQUE. L’Année Psychologique, 101,
447–462.

Norris, D., McQueen, J. M.,  & Cutler, A. (2000). Merging information in speech recog-
nition: Feedback is never necessary. The Behavioral and Brain Sciences, 23(3),
299–325, discussion 325–270

Patterson, K., & Kay, J. (1982). Letter-by-letter reading: Psychological descriptions
of  a neurological syndrome. The Quarterly Journal of Experimental Psychology A:
Human Experimental Psychology, 34(Pt 3), 411L 441.

Rapp, B. C. (1992). The nature of sublexical orthographic organization: The bigram
through hypothesis examined. Journal of Memory and Language, 31,  33–53.

Regard, M.  (1981). Cognitive rigidity and flexibility: a neuropsychological study.
PhD. Dissertation.

Rogers, T. T., Ralph, M.  A., Hodges, J. R., & Patterson, K. (2004). Natural selection:
The impact of semantic impairment on lexical and object decision. Cognitive
Neuropsychology, 21(2), 331–352.
Rosazza, C., Appollonio, I., Isella, V., & Shallice, T. (2007). Qualitatively different forms
of  pure alexia. Cognitive Neuropsychology, 24(4), 393–418.

Roux, F. E., Lubrano, V., Lauwers-Cances, V., Tremoulet, M.,  Mascott, C. R., & Demonet,
J.  F. (2004). Intra-operative mapping of cortical areas involved in reading in
mono- and bilingual patients. Brain, 127(Pt 8), 1796L 1810.

http://www.neuro.mcw.edu/mcword/


1 sychol

S

T

V

334 M. Di Pietro et al. / Neurop

affran, E. M.,  & Coslett, H. B. (1998). Implicit vs. letter-by-letter reading in pure

alexia: A tale of two systems. Cognitive Neuropsychology, 15(1/2), 141–165.

hurstone, L.L. & Thurstone, T.G. (1963). Chicago test of primary mental abilities.
Chicago: Reasearch associates.

itevitch, M.  S., & Luce, P. A. (1998). When words compete: Levels of processing in
perception of spoken words. Psychological Science, 9(4), 325–329.
ogia 50 (2012) 1327– 1334

Warrington, E. K., & James, M.  (1991). The visual object and space perception battery.

Test.: Thames Valley Test Co.

Warrington, E.K. (1984). Recognition memory test manual. Windsor: NFER-Nelson.
Woollams, A. M.,  Silani, G., Okada, K., Patterson, K., & Price, C. J. (2011). Word or word-

like? Dissociating orthographic typicality from lexicality in the left occipito-
temporal cortex. Journal of Cognitive Neuroscience, 23(4), 992–1002.


	Preserved visual language identification despite severe alexia
	1 Introduction
	2 Material & Methods
	2.1 Patient description
	2.2 General methods
	2.3 Reading
	2.3.1 Methods
	2.3.2 Results

	2.4 Lexical and semantic decision
	2.4.1 Methods
	2.4.2 Results
	2.4.2.1 Lexical decision
	2.4.2.2 Semantic decision


	2.5 Language decision: words and sentences
	2.5.1 Methods
	2.5.2 Results

	2.6 Language decision: trigrams
	2.6.1 Methods
	2.6.2 Results


	3 Discussion
	Acknowledgements
	References


