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Right hemisphere reading mechanisms in a global alexic patient
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Abstract

We investigated the implicit, or covert, reading ability of a global alexic patient (EA) to help determine the contribution of the right
hemisphere to reading. Previous studies of alexic patients with left hemisphere damage have suggested that the ability to derive meaning
from printed words that cannot be read out loud may reflect right hemisphere reading mechanisms. Other investigators have argued that
residual left hemisphere abilities are sufficient to account for implicit reading and moreover do not require the postulation of a right
hemisphere system that has no role in normal reading processes. However, few studies have assessed covert reading in patients with lesions
as extensive as the one in EA, which affected left medial, inferior temporal–occipital cortex, hippocampus, splenium, and dorsal white
matter. EA was presented with lexical decision, semantic categorization, phonemic categorization, and letter matching tasks. Although EA
was unable to access phonology and could not overtly name words or letters, she was nevertheless capable of making lexical and semantic
decisions at above chance levels, with an advantage for concrete versus abstract words. Her oral and written spelling were relatively intact,
suggesting that orthographic knowledge is retained, although inaccessible through the visual modality. Based on her ability to access
lexical and semantic information without contacting phonological representations, we propose that EA’s implicit reading emerges from,
and is supported, by the right hemisphere. Finally, we conclude that her spelling and writing abilities are supported by left hemisphere
mechanisms.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Right hemisphere reading mechanisms have been impli-
cated in the quality of implicit reading demonstrated by
some individuals who have lost the ability to explicitly
read following a left hemisphere injury. The most fre-
quently investigated of the relatively rare alexic disorders
is “pure alexia,” also referred to as “spelling dyslexia” or
“letter-by-letter” (LBL) reading. Pure alexic patients achieve
some measure of limited success in naming printed words
through a laborious and frustrating process of letter-by-letter
reading, in which the patient has to vocally or subvocally
name letters in a serial order to be able to read individ-
ual words (Geschwind & Fusillo, 1966; Patterson & Kay,
1982). The characteristics of this reading disorder have
frequently been attributed to a right hemisphere reading
system (Coltheart, 1980). However, few studies have inves-
tigated the reading performance in “global alexia,” which
Binder and Mohr (1992)define as a deficit of letter nam-
ing that precludes attempts to read words aloud. Because

∗ Corresponding author. Tel.:+1-925-370-4083; fax:+1-925-229-2315.
E-mail address:larsen@ebire.org (J. Larsen).

these patients are incapable of explicit reading of any type,
global alexics may provide more direct evidence that the
right hemisphere can support implicit or covert reading.

Research on pure alexia has focused on two separate
but paradoxical aspects of the disorder (Saffran & Coslett,
1998). On the one hand, some evidence suggests that various
levels of impairment in letter identification or naming could
account for the reading deficit, based on dysfunction of left
hemisphere mechanisms (Arguin & Bub, 1993; Behrmann
& Shallice, 1995; Reuter-Lorenz & Brunn, 1990). However,
other studies provide evidence that pure alexic patients are
able to access lexical and semantic information more accu-
rately from words presented too rapidly for explicit naming
than from words presented for a longer duration (Bub &
Arguin, 1995; Coslett & Saffran, 1989a; Shallice &
Saffran, 1986). This co-occurrence of impaired letter nam-
ing with rapid implicit reading and processing of printed
words leads to a conundrum. If an individual cannot overtly
name letters, how can she process words rapidly?

Generally, behavioral investigators agree that the fol-
lowing levels of processing are required for lexical access.
First is the perceptual level at which forms of letters are
recognized. This may be part of a general visual perceptual
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system or specialized for language (Ellis & Young, 1988).
The next level is sometimes referred to as the level of ab-
stract letter identities (Coltheart, 1981). This level allows
the reader to translate easily between different fonts, cases,
and handwriting styles. It requires more abstraction from
the percept and is likely specific to language and reading.
In the word-form level, the product of the visual analysis
passes onto the orthographic lexicon where the letter string
is identified as familiar or not (Ellis & Young, 1988). En-
gagement of the visual word-form system may be necessary
to gain access to lexical-semantics (Miozzo & Caramazza,
1998). In contrast, others have suggested that an additional
direct, whole-word route in the right hemisphere may per-
mit access to implicit meaning without access to abstract
letter identities or phonology (Coslett & Saffran, 1989a;
Levy & Trevarthen, 1977; Zaidel & Peters, 1981). A very
different position is that the visual word-form level does
not exist; instead, parallel, distributed interactions amongst
orthographic, phonological, and semantic codes—based on
sublexical units—give rise to reading abilities (Seidenberg
& McClelland, 1989). An unanswered question about LBL
readers is whether complete access at the letter level is
necessary for lexical access, or if there are indeed multiple
routes to meaning from printed words.

Dejerine’s classic explanation (Dejerine, 1892) of pure
alexia attributed the reading deficit to the isolation of
the left hemisphere reading areas from visual input orig-
inating in both the right and the left hemisphere. This
“peripheral” view holds that the deficit arises from a periph-
eral visuo-orthographic disconnect. The disconnect occurs
early on in the reading system, prior to the activation of an
orthographic representation of words. Hence, a functional
left hemisphere word form system allows pure alexics to
write and spell although they are unable to read normally.
The “central” view, on the other hand, is based on a partial
orthographic/phonological disconnection. It holds that the
deficit occurs at a later stage and disrupts either the com-
putation of lexical orthographic information (Patterson &
Kay, 1982; Warrington & Shallice, 1980) or the computa-
tion of post-lexical phonological information (Arguin, Bub,
& Bowers, 1998; Bowers, Arguin, & Bub, 1996; Bowers,
Bub, & Arguin, 1996).

One current line of research investigating left hemisphere
mechanisms for LBL reading focuses on a perceptual deficit
as the primary cause for impaired letter processing which
interferes with lexical access (Behrmann, Plaut, & Nelson,
1998). The authors contend that this model reconciles the
discrepant claims in previous LBL studies, as well as the
“peripheral” and the “central” views. They adopt the per-
spective of the interactive activation model (IAM) of letter
and word perception (McClelland & Rumelheart, 1981;
Rumelheart & McClelland, 1982). The alexic perceptual
deficit is represented as a weakening of activation at the
feature extraction level of processing or between the fea-
ture extraction level and the letter level of processing. The
processing is “cascaded and interactive” because it allows

for partial results at each level of processing to propagate
to other levels of processing, in spite of the fact that lower
levels of processing are not necessarily complete. Such a
perceptual deficit results in greater top-down influence and
hence greater influence of lexical variables like frequency,
part-of-speech, and imagery. It further predicts that there is
an interaction between word length and lexical variables.
If words take longer to process, there is more time for
top-down influences to take effect; hence, seven letter words
may show stronger effects of imagery and frequency than
shorter words. In their view, impaired letter processing is di-
rectly responsible for the characteristics of implicit reading.

In contrast,Saffran and Coslett (1998)suggest there
are two separate mechanisms of reading: one based in the
left hemisphere allowing explicit reading, and another in
the right hemisphere supporting implicit or covert reading.
They suggest that following a left posterior infarct, left
hemisphere letter identification is degraded so significantly
that left hemisphere reading has to depend on right hemi-
sphere letter identification. Information that is transmitted
by the right hemisphere activates the left hemisphere lexi-
cal systems. The left hemisphere tries to recognize whole
printed words, but cannot access the orthographic informa-
tion. Therefore, the left hemisphere adopts LBL reading
as a compensatory strategy (Coslett & Saffran, 1989a). In
contrast to LBL reading, implicit reading represents a direct
right hemisphere contribution. Covert reading under rapid
presentation does not permit explicit word reading since the
right hemisphere does not have direct access to left hemi-
sphere mechanisms for language production. Moreover,
exposure to the words or letter strings must be too short
to engage left hemisphere mechanisms or the attempts of
the damaged left hemisphere will interfere with the more
fragile efforts of the right hemisphere.

There is another acquired reading disorder, global alexia,
that is characterized by the complete inability to read let-
ters, and therefore words, out loud in premorbidly literate
adults (Binder & Mohr, 1992). However, there generally is
complete sparing of linguistic and orthographic knowledge
as demonstrated by the individual’s ability to write and rec-
ognize words that have been spelled orally. In these global
alexic patients, the left hemisphere system is so damaged as
to fail to make any contribution to conscious reading, be it
silent or out loud.

Binder and Mohr (1992)found that global alexics had
extensive lesions affecting the callosal pathways (splenium
and forceps major) and dorsal white matter above the occip-
ital horn of the lateral ventricles and posterior to the forceps
major. This lesion blocks transmission of visual information
from the right to the left hemisphere. In contrast, the dorsal
white matter regions implicated in global alexia were pre-
served in LBL readers, which may underlie their ability to
transmit letter information from the right hemisphere to the
left. This preserved letter transmission enables the slow and
laborious process of letter-by-letter reading that is unavail-
able to global alexics.
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Although Saffran and Coslett (1998)reported that the
lesion sites of their alexic patients varied considerably,
there was one area of congruence between their population
of alexic patients and those reported byBinder and Mohr
(1992). Global alexics in both research groups had dorsal
white matter lesions. Hence, it is of interest to determine
whether global alexic patients, who do not present any ev-
idence of reading letter by letter, share the covert reading
characteristics of some pure alexics. Because of the more
extensive lesion in the global alexics, there is more reason
to believe implicit reading processes depend upon the right
hemisphere.

1.1. Right hemisphere lexicon?

Although the right hemisphere was considered to be
“word-blind” in the classical literature (Dejerine, 1892;
Geschwind, 1965), other investigators argue that the right
hemisphere has some capacity to read.Coltheart (1980,
1983) suggested that the right hemisphere supports a lexicon
that can be accessed by orthographic input. Furthermore,
Coltheart suggested that the semantic errors (e.g., dog for
cat) made by deep dyslexics are one characteristic of right
hemisphere reading. Deep dyslexics usually perform bet-
ter on words that are concrete or highly imageable and on
nouns rather than verbs or functors. Divided field studies
are roughly consistent with this notion (Baynes, Eliassen,
Lutsep, & Gazzaniga, 1998) Hemispheric differences are
observed in interactions between visual field (VF) and sev-
eral lexical variables. For example, studies often find no
field difference in lexical decisions for concrete words, but
find a RVF/LH advantage for abstract words (Day, 1979;
Ellis & Shepherd, 1974; Hines, 1976, 1977). A similar find-
ing is often reported for content and function words, with
no field difference for content words but better RVF/LH
performance on function words (Bradley & Garrett, 1983).
There has been some suggestion that the right hemisphere
cannot process abstract words, grammatical morphemes,
and the phonological structure of words (Saffran, Bogyo,
Schwartz, & Marin, 1980; Zaidel & Peters, 1981; Zaidel
& Schweiger, 1984), but others have suggested that the
right hemisphere can perform many of these tasks but on
a more limited basis than the left (Baynes et al., 1998;
Gazzaniga & Hillyard, 1971). Finally, (Coslett and Saffran
(1989a,b)found that patients who were able to regain the
ability to explicitly read rapidly presented words contin-
ued to demonstrate superiority for high-imageability nouns,
which is consistent with characteristics attributed to the
right hemisphere lexical-semantic system.

1.2. Hypotheses

In this paper, we address whether a global alexic patient
(EA) has the ability to access lexical and semantic informa-
tion in the absence of posterior left hemisphere regions in
the temporal and occipital cortices. This idea is evaluated by

examining the ability of EA to engage in covert or implicit
reading. If EA is capable of covert reading, and if the nature
of her reading ability shows certain properties, which have
been linked to the right hemisphere, then we propose that
the RH mediates her reading, rather than spared LH regions.
Although frontal and parietal regions in her left hemisphere
are intact, there is extensive damage affecting pathways of
orthographic representation, including left inferior occipi-
tal and temporal lobe regions such as the extrastriate cor-
tex and fusiform gyrus (Nobre, Allison, & McCarthy, 1994;
Petersen, Fox, Posner, Mintun, & Raichle, 1988), such that
visual information about printed words is not available to
left hemisphere reading areas.

We hypothesize that EA, who is incapable of even LBL
reading, will nevertheless demonstrate some ability to ac-
cess lexical and semantic information from printed words.
Assuming that the right hemisphere supports a lexicon that
can be accessed via orthographic input, but with only lim-
ited access to abstract words and phonology, we hypothesize
that (1) EA’s access to semantic information will be supe-
rior for concrete words; and (2) EA will not be able to derive
phonology from text. Further evidence for right hemisphere
reading would be demonstrated by (3) no clear sensitiv-
ity to letter length; and (4) an impaired ability to perform
match/mismatch decisions on pairs of letters presented in up-
per and lower case. The latter two predictions stem from pro-
posals suggesting that left hemisphere reading mechanisms
should be sensitive to letter length (Saffran & Coslett, 1998),
and do require access to abstract letter identities (Miozzo
& Caramazza, 1998). Finally, we explore whether spelling
remains intact even though reading is impaired. Spelling is
dependent on being able to translate phonological input into
an orthographic form that permits letter identification. If her
oral spelling is relatively spared, we hypothesize that (5)
EA has retained orthographic knowledge in the left hemi-
sphere, even though it cannot be accessed visually. This fact
would also argue that her letter naming is intact, but cannot
be applied to visually presented words. Finally, if such pre-
dictions are accurate, we hypothesize that (6) EA conducts
reading and spelling procedures in different hemispheres.

2. Methods

2.1. Subjects

2.1.1. EA
EA is a 54-year-old, right-handed, native-English speak-

ing, Caucasian female with almost 18 years of formal edu-
cation. She worked as an educator, having taught both ele-
mentary and junior high school. In June 1999, EA suffered
a stroke, which clinically presented as a severe headache.
She was not diagnosed until about 48 h post-stroke when
she made her second visit to the local emergency room.
Following the infarction, EA displayed the syndrome of
alexia without agraphia. A neuroimaging study (3D MRI)
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completed for research purposes in March 2000 (almost 9
months post-stroke) revealed an extensive lesion affecting
the left medial, inferior temporal–occipital cortex, hip-
pocampus, splenium, and dorsal white matter due to a left
posterior cerebral artery (PCA) infarct (seeFig. 1.) EA has
a right visual field cut, and at the recommendation of her
physician no longer drives. The extent of EA’s neuroanatom-
ical lesion (especially damage to the splenium and dorsal
white matter) and her behavioral deficits (in particular, her
inability to name individual letters) is consistent with the
syndrome of “global alexia” described byBinder and Mohr
(1992).

Although some patients with pure alexia have relatively
intact letter naming, EA continues to have significant deficits

Fig. 1. EA’s MRI shows extensive lesion damage affecting the left medial, inferior temporal–occipital cortex, hippocampus, splenium, and dorsal white
matter (the left side of the brain is on the right side of the scan): (A) horizontal sections from ventral to dorsal; (B) coronal sections from anterior to
posterior.

in letter naming more than 2 years post stroke. This inabil-
ity to name letters impedes her ability to read in any man-
ner, including letter-by-letter reading, which is often seen
in pure alexia. With regard to formal single-letter naming
(500 ms exposure duration), EA was significantly impaired,
naming only 24% of the 25 presented stimuli, whereas with
single-number naming she was able to correctly name 84%
of the 25 presented stimuli. She was unable to read aloud
any of 40 single three-letter common words (2-s exposure).
The words consisted of relatively high frequency nouns,
verbs, adjectives, and other parts of speech. Although EA ac-
knowledged that an item appeared on the screen, she became
very frustrated when she could not overtly name any of the
items out loud. Two-digit number naming (500 ms exposure
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Fig. 1. (Continued).

duration) was significantly better, reading aloud 60% of the
numbers. However, she failed to read aloud all but one of 20
four-digit numbers (5%). In spite of her inability to read, EA
exhibited no gross writing or spelling difficulties. She suc-
cessfully named 9/10 regular and 8/10 irregular words that
were spelled out loud to her. Of the responses she offered to
failed items, all were phonemically similar to the stimulus.
To prompt herself, EA often used her finger to try to spell
out the individual letters. With regard to oral spelling, she
correctly spelled 8/10 regular and 7/10 irregular words. On
this task she irregularized the only two regular words she
failed (e.g.,ranch → “wranch;” robbery → “wrobbery”).
Although irregular, the errors were phonologically plausible.

EA’s spontaneous speech was notable for word finding
problems. EA often attempted to use circumlocution to re-
trieve a word in spontaneous speech—and in the process she

would use the specific term she was trying to retrieve with-
out realizing that she had just used it or a similar word. For
example, when describing her son’s field of study at univer-
sity (economics), she said, “He studies, um, it has something
to do with money, with the economy, but I can’t remember.”

Confrontation naming was significantly compromised.
Although EA tested within normal limits on the Western
Aphasia Battery (WAB) (Kertesz, 1982) due to her overall
performance score being above the aphasia cutoff, she had
some naming deficits. As the WAB is designed to assess
aphasic, not alexic, patients, such as EA, it may not be sen-
sitive enough to pick them up. In contrast, on the Boston
naming test (BNT) (Kaplan, Goodglass, & Weintraub,
1983), also administered in April 2000, EA’s performance
was in the impaired range (BNT= 35/60, 1st percentile).
With phonemic cueing, her score significantly improved to
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53/60. She made few semantic errors in naming. However,
she tended to use circumlocution to retrieve her answer.
For example, her response to “camel” was, “a very nasty
animal—find it in the desert—oh camel.” This self-cueing
strategy using semantic information is similar to that re-
ported for split-brain patient JW after his splenium was
sectioned but while his anterior callosum was still intact
(Sidtis, Volpe, Holtzman, Wilson, & Gazzaniga, 1981). For
those items she spontaneously failed, she used a similar
strategy, but could only retrieve the correct answer after
being provided with the phonemic cue. Overall, EA gave a
total of 34 circumlocutory responses. Of those 34 circumlo-
cutions, she correctly named 13 items without any cueing,
named 15 additional items when provided with a phonemic
cue, and failed six items even with phonemic cueing. Al-
though lesions of BA37 and basal temporal language areas
have been associated with anomia (DeRenzi, Zambolin, &
Crisi, 1987; Luders et al., 1991), further testing was con-
ducted to be certain that her poor performance was not due
to perceptual deficits.

To ascertain whether visual disturbances were responsible
for EA’s poor performance on the BNT, she was adminis-
tered a naming to definition task based on the items from the
BNT in August 2001. She spontaneously named 30/60 items
to definition. With phonemic cues her performance improved
to 47/60, a level similar to her performance on the BNT. In
contrast, mean performance of six age-matched control sub-
jects on the naming to definition task was 51.5 (S.D.= 2.35)
for spontaneous responses and 58.5 (S.D.= 1.98) including
phonemic cued responses. EA made relatively few circumlo-
cutions on naming to definition compared to the visual pre-
sentation of stimuli. Of a total of nine circumlocutions, two
led to a correct answer, five led to a correct answer follow-
ing a phonemic cue, and two resulted in no correct response
even with cueing. Although EA made some semantic errors
to definition, she was more likely to totally fail the item
without the visual stimuli. Since there was no dissociation
between naming of visual stimuli and naming to definition,
EA could not be considered an “optic aphasic” (cf.Saffran
& Coslett, 1998). Based on these combined findings, it was
evident that EA’s naming was poor regardless of modality,
and that a disconnection between visual areas and language
areas was not exclusively responsible for her anomia.

Verbal memory was also significantly compromised. EA’s
performance on the logical memory subtests of the Wech-
sler Memory Scale III (Wechsler, 1997), administered in
April 2000, was at the 9th percentile for both immediate and
30-min delayed recall. With regard to visual memory, EA’s
performance on the WMS-III visual reproduction was at the
1st percentile for immediate recall and at the 5th percentile
for 30-min delayed recall.

2.2. Controls

A group of six controls (four females), matched for age
and handedness, participated in experiments 2–4. The con-

trol group was not matched for education [12.5 years (S.D.
= 0.84)], which was substantially below EA’s educational
level of almost 18 years. Participants were free from de-
mentia, psychiatric disturbances, and substance abuse. All
subjects were paid for their participation. They signed in-
formed consent statements approved by the Institutional
Review Boards of the VA Northern California Health Care
System at Martinez, and the University of California, Davis.

3. Stimuli and procedures

3.1. Experiment 1 (lexical decision)

Coslett and Saffran (1989a)suggested that covert reading
with rapid presentation of words occurs in alexic patients
since the right hemisphere has no direct access to left
hemisphere mechanisms for language. Brief presentations
of stimuli may preclude engagement of the damaged left
hemisphere, which may otherwise attempt LBL reading.
However, due to EA’s significant posterior left hemisphere
lesion, it was hypothesized that she would be able to access
lexical information without left hemisphere interference
regardless of stimulus duration, even though she could not
explicitly read words. To investigate EA’s ability to access
lexical information, the following paradigm was devised. EA
engaged in a lexical decision task in which stimulus items
were visually presented on a computer screen and she was
required to decide if the item was a word or a non-word. She
indicated her response with a button press on the number pad
of a keyboard using her right hand. She was told to press “1”
for word, and “2” for non-word. EA was instructed to focus
on both accuracy and speed. She was also informed that
only her first response would be counted. The stimuli were
presented in 54-point font white text on a black background.
Each stimulus was presented for an unlimited amount of time
to allow her to make her decision. After each trial there was
a 1500 ms ISI before the next stimulus was presented. The
task consisted of 4 blocks of stimuli. Each block consisted
of either 17 or 18 real words and either 17 or 18 non-words
for a total of 35 items per block. In all there were 140
items, 70 words and 70 non-words across all four blocks. A
fixed random order was used in the presentation of the stim-
uli. A short practice block was presented prior to the test
block.

The 70 word items were chosen from the Johns Hop-
kins University Dysgraphia Battery—Word Length List
(Goodman & Caramazza, 1987). Half of the words were
classified as “high frequency” and half were classified
as “low frequency.” The non-words were all pronounce-
able items developed for another study (Swick & Knight,
1997). The word and non-word stimuli were matched for
letter length, with stimuli ranging in length from four
to eight letters. There were 14 word and 14 non-word
items each for the four-, five-, six-, seven-, and eight-letter
groups.
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3.1.1. Results and discussion
EA’s overall accuracy rate was 81% for words and 73%

for non-words. Chi-square tests revealed above chance per-
formance in classifying both word (χ2(1) = 27.7, P <

0.001) and non-word (χ2(1) = 14.6, P < 0.001) items.
It is notable, however, that EA demonstrated significantly
poorer performance on the first of the four blocks. On the
first block, her performance was at chance for both words
and non-words, even though she understood the task and
performed significantly above chance on the practice items
(χ2(1) = 12.5, P < 0.001). The mean effect of block
on accuracy was significant (F(1, 3) = 3.75, P = 0.013).
Post-hoc analysis revealed highly significant differences be-
tween block 1 and blocks 2, 3, and 4. When debriefed, EA
reported being very nervous and distracted during the first
block. She added that she felt much more confident during
the administration of the later blocks even though she was
not able to overtly read any of the items presented to her.

Separate analyses were conducted on all four blocks and
on the last three blocks of the lexical decision data. Although
there were some minor differences between the analyses,
only the findings from the last three blocks are reported
(seeTable 1) since these best represent EA’s overall perfor-
mance. Significant discrepancies are noted in the text. EA’s
accuracy rate was 90% for words and 77% for non-words.
Chi-square tests revealed above chance performance in clas-
sifying both word (χ2(1) = 33.9, P < 0.001) and non-word
(χ2(1) = 15.9, P < 0.001) items. With regard to reaction
time (RT), EA’s average RT for correctly identified items
was 2034 ms (S.D.= 1025) for words and 2374 ms (S.D.
= 902) for non-words. Word frequency influenced EA’s ac-
curacy rate, which was 81% for low frequency words and
100% for high frequency words. EA exhibited clearly above
chance performance for both high-frequency (χ2(1) = 26.0,
P < 0.001) and low-frequency (χ2(1) = 9.85, P = 0.002)
words. Although analysis of all four blocks revealed only a

Table 1
Lexical decision task accuracy and RT results (experiment 1)

Blocks 2–4

Accuracy RT S.D.

Words
High frequency 100 2010.6 1145.7
Low frequency 81 2093.0 1082.8
Four-letter 100 1269.9 479.1
Five-letter 90 1474.1 638.5
Six-letter 100 2718.7 1294.2
Seven-letter 82 2220.5 1081.3
Eight-letter 80 2727.6 1087.4

Non-words
Four-letter 64 1738.3 713.3
Five-letter 80 2382.3 1644.1
Six-letter 91 2719.2 1036.9
Seven-letter 100 2587.4 903.2
Eight-letter 55 2081.9 782.1

trend toward significance (χ2(1) = 3.74, P = 0.053), anal-
ysis of the last three blocks revealed a significant difference
in accuracy based on word frequency (χ2(1) = 6.19, P =
0.013). Letter length did not affect EA’s accuracy for words
(F(1, 4) = 1.19,P = 0.301) or non-words (F(1, 4) = 2.32,
P = 0.071). However, there was a length effect noted for
RT for words (F(1, 4) = 4.21, P = 0.007), but not for
non-words (F(1, 4) = 1.07,P = 0.388). It was notable that
the length effect on RTs for words was not linear, with the RT
for six-letter words being similar to the RT for eight-letter
words. There was no interaction effect between word fre-
quency and word length for accuracy (F(1, 4) = 1.12, P =
0.361) or RT (F(1, 4) = .64, P = 0.636).

Experiment 1 was designed to assess EA’s ability to ac-
cess lexical information via a lexical decision task. Although
EA reported at the end of experiment 1 that she could not
read any of the presented items, her accuracy for correctly
classifying stimulus items as words versus non-words was
significantly above chance. The above results suggest that
EA was able to access lexical information about letter strings
regardless of length. In addition, her accuracy was influ-
enced by word frequency. Although her RTs were influenced
by length (in a non-linear manner), there was no interaction
between length and frequency. EA’s lexical decision results,
when combined with the results for the following experi-
ments, suggest that she is engaging in whole word implicit
reading that is right hemisphere based. However, this con-
clusion can only be tentative with the relatively small data
sets collected at each letter length.

3.2. Experiment 2 (triplets)

In addition to lexical information,Coslett and Saffran
(1989a)suggested that the right hemisphere can also access
semantic knowledge, although with an advantage for con-
crete nouns. Experiment 1 established that EA could access
lexical information without explicitly reading items. Exper-
iment 2 was designed to determine if EA could access se-
mantic information under similar conditions. To investigate
her implicit ability to access semantic information, we ad-
ministered a series of semantic categorization tasks. How-
ever, unlike the Coslett and Saffran tasks that utilized a brief
exposure paradigm, our stimuli were presented with an un-
limited duration, as we considered EA’s left hemisphere to
be sufficiently isolated from visual words by her lesion. Each
set of stimuli consisted of 20 trials of three written words,
three non-words, or three pictures (each trial referred to as
a triplet). The stimuli for each trial were presented simulta-
neously on an 11× 81/2-in. landscape sheet of paper—two
items presented on the upper half and the third item pre-
sented in the lower half. Two of the items were in some way
related and the third item was an unrelated outlier. The phys-
ical location of the outlier was balanced across the three pre-
sentation locations. Paivio, Colorado, and Gilhooly-Logie
concreteness norms, Francis and Kucera frequency norms,
number of letters, and number of syllables were obtained,
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Table 2
Triplet stimuli—concreteness norms, Francis and Kucera frequency norms, word length, and number of syllables

Conc. Avg. FK avg. Letters avg. Syll. avg.

Experiment 2A
Original triplets 597.37 49.66 4.81 1.34

Experiment 2B
Concrete triplets 604.00 32.68 4.83 1.40
Abstract triplets 290.83 73.58 6.03 1.92

Experiment 2C
Short abstract triplets 321.15 32.12 4.65 1.50
Long abstract triplets 312.37 6.65 8.50 3.22

Experiment 2D
Homophones/real words 446.71 400.35 4.10 1.05
Homophones/pseudo-homophones 419.35 503.94 4.42 1.08

Experiment 2E
Pseudo-words/pseudo-homophones (ratings for real word of P–H) 570.45 44.60 4.20 1.05

when possible, for all of the experimental sets from the
on-line internetMRC Psycholinguistic Database (1987)and
are shown inTable 2. Examples of the stimuli for each ex-
periment are listed inTable 3. EA was asked to “point to the
word (or non-word or picture) that does not go with the other
two words (or non-words or pictures)—choose the odd one
out.” Guessing was encouraged, and there was no time limit.

3.3. Experiment 2A (original word/picture triplets)

It has been suggested that the right hemisphere supports
a lexicon which can be accessed via orthographic input, and
that the right hemisphere can access semantic information.
Therefore, we hypothesized that EA would perform above
chance on semantic categorization tasks utilizing written
words. The first experiment was based on a word and pic-
ture triplets task originally created for a study byDronkers,
Elman, and Wertz (1989). The stimuli were presented first
as words, and then the study was replicated using line draw-
ings representing the same words. For the original word

Table 3
Triplet stimuli—examples

Experiment 2A
Original triplets Lion Scissors Tiger

Experiment 2B
Concrete triplets Apple Canoe Banana
Abstract triplets Fury Anger Proof

Experiment 2C
Short abstract triplets Array Oath Pact
Long abstract triplets Heredity Rigidity Flexibility

Experiment 2D
Homophone/real words Heir Air Hair
Homophones/pseudo-homophones Colonel Kurnul Kernel

Experiment 2E
Pseudo-words/pseudo-homophones Lort Jale Nace

triplets, 60 concrete words were chosen. Two of the words
were semantically related to each other and the third word
was an unrelated outlier. For the original picture triplets, the
stimuli were pictorial representations of the words presented
in the word triplet experiment. The same three items were
grouped together although the order of presentation was
randomized.

3.3.1. Results
The original word/picture triplets were presented on two

occasions (approximately 18 months post-stroke). The re-
sults for all of the triplet studies are shown inTable 4.

Table 4
EA’s performance on triplet tasks

Accuracy χ2(1) P-value

Experiment 2A
Original word 1 0.80 19.600 <0.001
Original picture 1 0.85 24.000 <0.001
Original word 2 0.70 12.100 <0.001
Original picture 2 0.85 24.000 <0.001

Experiment 2B
Concrete 0.80 19.600 <0.001
Concrete verbal 0.95 34.200 <0.001
Abstract 1 0.35 0.025 0.874
Abstract verbal 0.90 28.900 <0.001
Abstract 2 0.65 9.030 0.003

Experiment 2C
Short abstract 0.50 2.500 0.114
Short abstract verbal 0.80 19.600 <0.001
Long abstract 0.60 6.400 <0.011
Long abstract verbal 0.80 19.600 <0.001

Experiment 2D
Homophone/real word 0.45 1.230 0.268
Homophone/pseudo-homophone 0.90 28.900<0.001

Experiment 2E
Pseudo-word/pseudo-homophone 0.35 0.025 0.874

Chance performance on triplet tasks is 33% accuracy.
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At the end of the first experiment, EA reported that she
was “just guessing—couldn’t read them—just deductive
guesses.” When the same stimuli were presented to her
1 week later, her accuracy declined slightly. During the
second presentation, EA was able to name three of the 30
words, “envelope,” “pen,” and “pencil,” but reported that
she “mostly was guessing.” Chi-square tests revealed that
EA was able to make semantic judgments at above chance
levels (seeTable 4). There was no difference between the
first and second sessions (χ2(1) = 0.952,P = 0.329). Al-
though her performance on words was significantly above
chance, it was nevertheless outside the lower 99% confi-
dence interval (CI) for controls (100% accuracy).

When presented with the picture triplets, EA consistently
failed two of the same items across trials, and made one addi-
tional error each time as well. She also consistently failed to
recognize the “acorn” as an object across trials. Chi-square
tests revealed that EA was able to make semantic judgments
at above chance levels for both the first and second presen-
tation of the picture triplets. However, her performance was
again outside the lower 99% CI for controls (100% accu-
racy).

3.4. Experiment 2B (concrete versus abstract word
semantic triplets)

Ample evidence has suggested that the right hemisphere
cannot process abstract nouns as well as concrete nouns
(Day, 1979; Ellis & Shepherd, 1974; Hines, 1976, 1977).
The stimuli for experiment 2B were created specifically
to assess this predication in EA. The experiment utilized
the same word triplet paradigm described in experiment
2A using a new set of stimuli in which every item within
each triplet is matched for imagery, frequency, number
of letters, and number of syllables. Sixty concrete words
were chosen for the concrete triplets, and 60 abstract words
for the abstract triplets. As above, two of the words were
semantically related (either synonyms or antonyms) and
the third word was an unrelated outlier. The three stimuli
within each set were matched for concreteness, frequency,
number of letters, and number of syllables (complete in-
formation in Table 2). However, there was a significant
difference between the length of the concrete and abstract
words (F(1, 1) = 21.39, P < 0.001).

3.4.1. Results
Experiment 2B was completed about 3 months after the

original triplets were administered. EA’s performance on
the concrete word triplets was above chance, replicating her
ability to extract semantic information from concrete words
using a new stimulus set. Although above chance, EA’s per-
formance was again below the 99% CI for controls given
that they were at ceiling (100% accuracy). At the end of ex-
periment 2B, EA stated spontaneously that, as hard as she
tried, she could only guess when making her responses. To
confirm that EA was able to comprehend the meanings of

the words presented, all of the concrete triplets were read
out loud to EA. She was asked to state out loud which of
the three items was the outlier. She had an accuracy rate of
95%. She chose “queen” as the outlier when it was tripled
with “crown” and “grave.” After completion of the concrete
verbal set, EA was asked to read the three stimulus items
on each of the twenty cards. EA was only able to name two
out of 60 words. Although she quickly identified “puppy”
and “kitten,” she was initially very confused as to which
was which, but eventually made the correct choice. When
pressed, she could not explain how she named “puppy”
and “kitten,” nor could she name the semantically unrelated
“rocket” from that same triplet. With all of the other stim-
ulus items, EA commented that sometimes she recognized
that two words went “together” even though she could not
overtly name them. She then simply made her decision based
on her guess or what she called her “deduction.”

EA was administered the abstract word triplets on two
occasions. Upon the first presentation, her accuracy rate did
not differ from chance (Table 4). When re-administered 2
weeks later, her accuracy improved to above-chance per-
formance. There was a significant difference between her
accuracy on the first and second administration (χ2(1) =
7.91, P = 0.005). In both instances, EA’s performance
was outside the lower 99% CI for controls (82% accuracy).
As before, to confirm that EA could comprehend all of the
abstract words, the triplets were presented to her orally at
the time of the first administration and she was asked to
say out loud which of the three words was the outlier. She
was 90% accurate. The two items she failed orally, she also
failed on the reading task. At the time of the first testing,
EA was presented all 20 abstract word triplets stimulus
cards and asked if she could name any of the three words
on each of the cards. EA was unable to overtly name any
of the words. In addition, the task of attempting to read
the triplet words was extremely frustrating for EA and
was not repeated at later testing. EA’s performance on the
concrete versus the abstract triplets was significantly bet-
ter for the first abstract presentation (χ2(1) = 16.6, P <

0.001), but not for the second presentation (χ2(1) = 1.25,
P = 0.263).

3.5. Experiment 2C (short/long abstract word
semantic triplets)

Word length may have affected EA’s performance on the
abstract triplet tasks administered in experiment 2B since
there was a significant word-length difference between the
concrete and abstract words. In order to evaluate how word
length may have affected her performance, a task with both
shorter and longer abstract words was developed. The two
sets of stimuli created for experiment 2C were designed to
replicate the abstract word triplets from experiment 2B. In
this paradigm, the first set of stimuli consisted of shorter ab-
stract word triplets, whereas the second set of stimuli con-
sisted of longer abstract word triplets (seeTable 2).
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3.5.1. Results
EA’s accuracy rate for correctly classifying short abstract

word triplets did not exceed chance. Interestingly, her ac-
curacy for the long abstract triplets was significantly better
than chance performance. However, there was no difference
in EA’s performance on the short and long abstract triplets
(χ2(1) = .733,P = 0.392). For both sets, EA was signifi-
cantly less accurate than the control group (F(1, 5) > 100,
P < 0.001) and (F(1, 5) > 100,P = 0.001), respectively.
As before, to confirm that EA could comprehend all of the
abstract words, the triplets were presented to her orally and
she stated out loud which of the items was the outlier. When
those items that EA failed during the oral presentation were
removed from the analysis, chi-square tests still revealed
that EA was not performing above chance on semantic judg-
ments for short abstract words (χ2(1) = 0.785,P = 0.376).
She was, however, marginally above chance in making se-
mantic judgments about long abstract words (χ2(1) = 3.79,
P = 0.052).

3.6. Experiment 2D (homophones and real
words/homophones and pseudo-words)

Coltheart (1981, 1983) has suggested that the right hemi-
sphere does not have access to phonological information.
In order to evaluate EA’s capacity to access phonological
versus lexical information from printed material, triplet
tasks utilizing homophones and either visually similar real
words or visually similar non-word pseudo-homophones
were developed. In the set of homophone and real word
triplets, two of the words were homophones (e.g., scene
and seen) and one of the words was a different sounding
real word (e.g., sheen). The non-homophonic word was
chosen because it visually looked like one or both of the
homophones in the triplet and was matched for number of
letters and number of syllables. This task, in which three
visually acceptable and similar looking real words are pre-
sented, requires letter-to-sound translation in order to select
the non-homophone real word.

In the set of homophone and pseudo-word triplets, the two
words were a real homophone pair (e.g., colonel and ker-
nel) and the non-word was a pseudo-homophone of the real
homophones, which also met all the criteria for the spelling
of an English word (e.g., kurnul). The pseudo-homophone
was matched for number of letters. The task, which requires
only a visual lexicon and does not require letter-to-sound
translation, was to select the pseudo-word.

3.6.1. Results
EA’s accuracy rate for homophone and real word triplets

revealed that she was performing at chance when making
phonological decisions (Table 4), which suggests that she
was not able to use phonology to differentiate the words.
However, when presented with a phonologically correct
but lexically meaningless non-word in concert with two
real homophones, EA demonstrated the ability to select the

non-word pseudo-homophone at a rate above chance (much
like her ability to distinguish words and non-words in the
lexical decision task of experiment 1). EA performed signif-
icantly worse on both the real word and pseudo-homophone
tasks than the control group (F(1, 5) > 100, P < 0.001)
and (F(1, 5) > 100, P < 0.001), respectively. Although
EA’s accuracy rate was at 90% for the pseudo-homophone
task, every control subject was at ceiling.

During debriefing, EA again reported not being able to
read the stimuli that were presented to her. However, she
added that during the pseudo-homophone task that usually
one item did “not look right.” When questioned about the
items she failed, EA commented that none looked “right.”
Although EA was unable to use the sound of visually simi-
lar words to differentiate them, she appeared to use the vi-
sual appearance/familiarity of real words over pseudowords
to differentiate them when they sounded alike. If the right
hemisphere has a visual lexicon but does not contain phonol-
ogy, this is how decisions based on that lexicon might look.

3.7. Experiment 2E (pseudowords and
pseudo-homophones)

To investigate EA’s ability to derive phonological in-
formation from printed non-words, a paradigm using
pseudo-words was devised. In this experiment, the stimuli
were three written letter-strings. All three of the letter-strings
were pronounceable non-words and each was four letters
in length. However, one of the three non-words was a
pseudo-homophone for a real word (i.e., when sounded out
phonetically, the word sounded like a real English word,
e.g., the pseudo-word “doam” is pronounced like the real
word “dome”). The pseudo-homophones that were chosen
sounded like common nouns, none of which had other ho-
mophones. The task was to choose the item that sounded like
a real word. Paivio concreteness norms, Francis and Kucera
frequencies, number of letters, and number of syllables for
the real words, for which the pseudo-homophone stimuli in
this experiment were developed, are shown inTable 2.

3.7.1. Results
EA’s accuracy rate was at chance for decisions based on

the ability to extract phonology from orthography (Table 4),
indicating that EA was unable to use the phonology of the
pseudo-homophone to activate its real-word lexical coun-
terpart. EA performed significantly worse than the control
group on this task (F(1, 5) = 30.172,P = 0.0027).

3.7.2. Discussion
Coslett and Saffran (1989a)suggested that the right hemi-

sphere has the capability of engaging in covert or implicit
reading of words that cannot be read aloud in global alexia.
Thus, we predicted that EA would be able to access seman-
tic information, but not phonology. The results of experi-
ment 2 suggest that, although EA was unable to immediately
and to overtly name a single word on the above task, she
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was able to access sufficient semantic information to select
the outlier. Even though she insisted throughout the entire
triplet testing that she was just guessing, EA was able to
choose the semantic outlier at a level significantly better than
would be expected by chance. It was also notable that EA’s
performance was influenced by concreteness. Although she
performed well above chance on concrete word triplets, she
demonstrated substantial variability on the abstract triplet
tasks. This variability could not be attributed to a difference
in word length, given that she actually performed better for
long than for short abstract words. Importantly, although
she performed above chance on the semantic categorization
tasks, she was significantly impaired relative to the control
group, which suggests that she does not have access to the
full range of lexical knowledge.

Conversely, in contrast to some preservation of seman-
tic access, EA was completely unable to access phonology
from orthographic input. She was unable to utilize phone-
mic information in determining whether a word was a ho-
mophone or an orthographic foil, suggesting that phonemic
information was not accessible. However, when presented
with homophones and pseudo-homophones, she performed
extremely well at choosing the non-word, suggesting that
lexical information is accessible from orthographic input.
In those specific cases, EA commented on the visual quali-
ties of the pseudo-homophones, stating that they just “didn’t
look right.”

3.8. Experiment 3 (living/non-living semantic
classification task)

Next, to determine whether word length had an effect
on EA’s ability to semantically classify concrete words, the
following paradigm was devised. The subjects engaged in
a semantic classification task in which stimulus items were
visually presented on a computer screen. They were required
to decide if the word was either living or non-living and
indicated their response with a button press on the number
pad of a keyboard using their right hand. They were told
to press “1” for living, and “2” for non-living. Participants
were instructed to focus on both accuracy and speed. They
were also informed that only their first response would be
counted. The stimuli were presented in 54-point font white
text on a black background. Each stimulus was presented
for an unlimited amount of time to allow the subjects to
make their decision. After each trial there was a 1500 ms ISI
before the next stimulus was presented. The task included
24 living and 26 non-living items for a total of 50 trials, all
of which were presented in one block. A fixed random order
was used in the presentation of the stimuli. A short practice
block was presented prior to the test block.

The “living” and the “non-living” stimuli were matched
across letter length for concreteness and frequency. The
living and non-living stimuli had Paivio average concrete-
ness ratings of 609 and 601 for five-letter words, 550 and
565 for six-letter words, and 561 and 562 for seven-letter

words, respectively. Francis and Kucera average frequencies
were 18.8 and 18.3 for five-letter words, 10.8 and 13.4 for
six-letter words, and 10.9 and 9.5 for seven-letter words for
living and non-living stimuli, respectively.

3.8.1. Results and discussion
EA was 75% accurate for classifying living things and

81% for non-living things. Chi-square tests revealed above
chance performance in classifying both living (χ2(1) =
6.00,P = 0.014) and non-living (χ2(1) = 9.85,P = 0.002)
items. Although EA performed above chance on both living
and non-living words, her performance was not within the
normal range. The control group’s accuracy for living items
was 99% and for non-living, 96%. EA’s performance was
outside the lower 99% CI for controls for both living and
non-living words (95 and 91% accuracy, respectively).

EA’s average RT for correctly categorized stimuli was
1605 ms for living and 1541 ms for non-living words. Her
RT for incorrectly categorized stimuli was 1447 ms for living
and 2693 ms for non-living words. The control group had
RTs of 747 ms for living and 990 ms for non-living words.
The control group made so few categorization errors that
analysis of error data was not meaningful.

Interestingly, EA qualitatively demonstrated a speed/
accuracy trade-off for the letter length manipulation. Her
accuracy improved from 67 to 75 to 89% while her RTs
incrEA’sed from 1399 to 1515 to 1708 ms for five-, six-,
and seven-letter words, respectively, even though stimuli
were balanced for concreteness and frequency. However,
an item analysis of EA’s RTs revealed no effect of word
length (F(2, 36) = 0.852, P = 0.434). This suggests that
her implicit reading was based on a whole word mechanism
rather than a LBL mechanism. As in the Triplets tasks, EA
reported after the task was completed that she was unable
to overtly name any of the presented words. However, the
above results suggest that EA was able to “unconsciously”
access semantic information about the superordinate cate-
gory membership of concrete words.

3.9. Experiment 4 (letter matching task)

The lexical and semantic decision results from experi-
ments 1 and 3 provide some support for the notion that
EA was not engaging in LBL reading, since her perfor-
mance was not strongly influenced by letter length. Fur-
thermore, previous letter naming tasks revealed that EA
was very poor at naming letters, and therefore incapable
of LBL reading. However, it is letter recognition, not let-
ter naming, that is more likely to play an important role
in lexical and semantic decision. We did not know if she
had visual form impairment that interfered with her ability
to recognize matching same-case letters or her ability to
access abstract letter identity across case. In order to de-
termine if EA has letter-matching deficits, we performed
the following experiment. Stimuli consisted of 160 letter
pairs divided into two blocks of 80 pairs each in a letter
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matching task variant ofPosner and Mitchell (1967). In this
task, the response “same” is expected with pairs of letters
that are either physically identical (e.g., A A, a a) or name
identical (A a, a A). When the two letters had a different
name, the subject was instructed to respond “different.”
Within each of these blocks, the following conditions oc-
curred: (a) lowercase/lowercase letter match (n = 20); (b)
lowercase/lowercase letter mismatch (n = 20); (c) lower-
case/uppercase letter match—but visually different (e.g., q
Q) (n = 10); (d) lowercase/uppercase letter match—but vi-
sually similar (e.g., c, C) (n = 10); (e) lowercase/uppercase
letter mismatch (n = 20); (f) uppercase/lowercase letter
match—but visually different (e.g., Q q) (n = 10); (g)
uppercase/lowercase letter match—visually similar (e.g.,
C c) (n = 10); (h) uppercase/lowercase letter mismatch
(n = 20); (i) uppercase/uppercase letter match (n = 20);
and (j) uppercase/uppercase letter mismatch (n = 20). For
analysis purposes, the cross-case data were collapsed across
the order of uppercase and lowercase letters.

The subjects engaged in a letter matching decision task in
which stimulus items were visually presented on a computer
screen and they were required to decide if the letter pair
was the same two letters regardless of case. They indicated
their response with a button press on the number pad of a
keyboard using their right hand. They were told to press
“1” for “same,” and “2” for “different.” Participants were
instructed to focus on both accuracy and speed. They were
also informed that only their first response would be counted.
The stimuli were presented in 80-point font white text on a
black background. Each stimulus pair was presented for an
unlimited amount of time to allow the subjects to make their
decision. After each response there was a 1500 ms ISI before
the next stimulus was presented. A fixed random order was
used in the presentation of the stimuli. A short practice block
was presented prior to the test block.

3.9.1. Results and discussion
Accuracy and RT data for all the letter matching con-

ditions are shown inTable 5. All subjects responded to
all items. The accuracy of control subject same-case let-
ter matching data was analyzed using a repeated-measures

Table 5
EA’s and control subjects’ accuracy and mean RT on letter matching (experiment 4)

Letter matching EA Controls

Accuracy RT S.D. Accuracy RT S.D.

Same case
lc/lc match 1.00 1107 462 1.00 618 106
UC/UC match 1.00 1117 373 0.98 617 90
lc/lc mismatch 0.90 1286 340 1.00 736 125
UC/UC mismatch 1.00 1093 250 0.96 760 172

Different case
Cross-case match (visually different) 0.80 2144 710 0.92 770 185
Cross-case match (visually similar) 1.00 1497 666 0.96 667 125
Cross-case mismatch 0.85 1565 783 0.98 761 133

ANOVA. There was a trend toward a main effect of let-
ter case (F(1, 5) = 5.71, P = 0.062). However, there
was no main effect of condition [match versus mismatch
(F(1, 5) = 1.00, P = 0.363)] nor was there an interac-
tion effect of letter casex condition (F(1, 5) = 1.00, P =
0.363). EA’s overall accuracy (97.5%) fell within the 99%
CI (96.5–100%) for the control subjects. Interestingly, EA
actually performed better than the control subjects on both
the uppercase/uppercase match and mismatch items (100%
accuracy for both). On the other hand, EA’s performance
(90%) on the lowercase/lowercase mismatch items was out-
side the lower 99% CI for controls, all of whom were at
ceiling.

The control data RTs for correctly answered same-case
letter matching items were also analyzed using a repeated-
mEA’sures ANOVA. There was a main effect of condition
(F(1, 5) = 33.326,P = 0.002) with overall performance on
matching items (617 ms) faster than on mismatched items
(748 ms). EA was significantly slower than controls for all
conditions. Her mean RT (1150 ms) fell outside the upper
99% CI for controls (760 ms).

Analysis of control subject accuracy data for cross-case
letter matching revealed a main effect of condition [visu-
ally different match, visually similar match, and mismatch
[F(2, 5) = 9.286, P = 0.005)]. Controls were lEA’st ac-
curate for visually different matches. EA’s overall accuracy
(88%) was outside the lower 99% CI for controls (98% ac-
curacy). Although EA’s cross-case matching ability is in-
tact with visually similar letters (100%), she is outside the
lower 99% CI for controls for both visually different and
mismatched letters (Table 5).

For the control subject cross-case letter matching RT data,
there was a main effect of condition (F(2, 5) = 6.330,P =
0.0167) with mean RTs fastest for visually similar matches
and slower for mismatches and visually different matches.
EA’s mean RT (1735 ms) was greater than the upper 99%
CI for the control group (835 ms). EA’s RT performance
for all conditions was slower than the upper 99% CI for the
control group, with the greatest discrepancy for the visually
different letter matches (EA, 2143 ms versus 99% CI for
controls, 1075 ms).
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Of particular interest was the fact that EA performed sig-
nificantly worse than controls in the cross-case letter match-
ing condition but was not impaired when letters were in the
same case. The results document that EA had more difficulty
with cross-case letter matching, especially when the stimuli
were visually different, which suggests that EA’s access to
information about abstract grapheme identity is impaired.
An inability to access abstract letter representations may be
the root of EA’s inability to use LBL reading mechanisms.

3.10. Experiment 5 (spelling)

EA’s ability to derive semantic information from visual
words in the presence of degraded letter recognition and the
absence of sensitivity to phonology are consistent with what
is known about the right hemisphere lexicon. However, the
classic cases of alexia without agraphia show preserved oral
spelling that is attributed to the intact left hemisphere word
form system. EA exhibited a tendency to “irregularize”
words in her oral spelling during her initial evaluation,
so further investigation of the characteristics of her oral
spelling was undertaken. Oral spelling was explored since
speech output is generally acknowledged to be a left hemi-
sphere function, wherEA’s there is some ipsilateral control
on the right hand when writing. Experiment 5 uses The
Johns Hopkins University Dysgraphia Battery (Goodman
& Caramazza, 1987) to investigate EA’s oral spelling. Four
lists were chosen for presentation. The part-of-speech list
consisted of 84 open class words (28 nouns, 28 verbs,
28 adjectives), 20 function words, and 20 pronounceable
non-words. The concreteness list contained 42 words (21
concrete and 21 abstract words). The word-length list con-
tained 70 words (14 each of 4, 5, 6, 7, and 8 letters in
length). The grapheme–phoneme-correspondence probabil-
ity list contained 30 high probability words and 80 low
probability words. Each list contained high and low fre-
quency items that when combined yielded 146 high and
low frequency items each.

Items were read out loud in a quiet room for EA to spell.
All responses were manually recorded and videotaped for
scoring. Lists were read in the fixed random order that they
appear on The Johns Hopkins University Dysgraphia Battery
sheets.

If the right hemisphere were responsible for spelling, one
would expect to find evidence of whole word semantic errors
and visual letter substitutions (perhaps) based on faulty letter
naming given EA’s performance on visual letters. Spelling
of nouns would be expected to be superior to function words.
If oral spelling is based on left hemisphere mechanisms, it
would be more likely to contain more phonological than
semantic errors and to show little effect of word length or
part of speech.

3.10.1. Results and discussion
EA is a confident oral speller who performs accurately in

most conditions (Table 6). She demonstrates sensitivity to

Table 6
Accuracy in spelling to dictation (experiment 5)

N Percent correct

Word class
Open-class words 84 80

Nouns 28 75
Verbs 28 79
Adjectives 28 86

Function words 20 85

Concreteness
Concrete words 21 81
Abstract words 21 81

Word length
Four letters 14 71
Five letters 14 86
Six letters 14 79
Seven letters 14 64
Eight letters 14 79

Phoneme–grapheme conversion probability
High 30 100
Low 80 83

Frequency
High 146 88
Low 146 75

word frequency (χ2(1) = 13.3, P < 0.001) and regularity
(χ2(1) = 6.14, P = 0.013), with significant advantages for
high frequency words and regular words. Her spelling er-
rors are phonologically plausible in general (G–R–O–O–P
for “group” and K–E–R–T–A–I–N for “curtain”) and sug-
gest some access to sublexical mechanisms (Rapp, Epstein,
& Tainturier, 2002). On the part-of-speech list, she spells
80% of the words completely correctly. However, although
she performs better on function words and adjectives than
on nouns and verbs, none of these differences are significant
[for the largest difference, adjectives versus nouns (χ2(1) =
1.71, P = 0.190)]. For non-words, EA gave phonetically
plausible responses to 19 out of 20 items. The one item she
missed was a vowel substitution. On the word-length list,
her performance is quite variable, showing her best perfor-
mance on the five-letter list and her worst performance on
the seven-letter list, although this difference was not signif-
icant (χ2(1) = 2.80, P < 0.094). Moreover, she performs
more poorly on four-letter words than on eight-letter words.
These word-length effects for oral spelling, although never
significant, may be spurious due to the small effect size. The
process of oral spelling is inherently letter-by-letter in na-
ture. However, EA’s performance suggests that incrEA’sed
word length does not compromise accuracy, and may actu-
ally improve her level of accuracy, which is not the expected
letter-by-letter pattern.

The results presented here strongly indicate the use of a
representation that is sensitive to word frequency and uses
sublexical mechanisms to support spelling. There is not
a consistent effect of letter length and no evidence of se-
mantic errors on any spelling list. Although the differences
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in word class did not reach significance, right hemisphere
contributions would be expected to favor nouns, which were
her most difficult category. Hence, it appears, as in less
severely impaired alexics, EA is spelling with left hemi-
sphere mechanisms that reflect frequency and regularity,
but not word length and word class.

4. General discussion

EA presented with an extensive lesion affecting the left
medial, inferior temporal–occipital cortex, hippocampus,
splenium, and dorsal white matter due to a PCA infarct. As
a result, she manifested the behavioral disorder of global
alexia without agraphia. She could neither name individual
letters, nor could she read using a letter-by-letter process.
Furthermore, she was unable to derive phonology from
written text. However, EA demonstrated the ability to ac-
cess lexical and semantic information from printed words
even though she cannot explicitly read. EA was able to
do these tasks relatively well in spite of the fact that a
large portion of her posterior left hemisphere is lesioned.
We therefore propose that EA’s implicit reading abilities
are supported by her intact right hemisphere, as proposed
by Saffran and Coslett (1998), rather than by spared left
hemisphere regions (Behrmann et al., 1998). Finally, as
demonstrated by her relatively intact spelling abilities, EA
has retained graphemic knowledge even though she can-
not access it through the visual modality. Given this set of
findings, we suggest that EA performs reading and spelling
tasks in different hemispheres.

Coslett and Saffran (1989a, 1989b, 1992), Coslett,
Saffran, Greenbaum, and Schwartz (1993), andSaffran and
Coslett (1998)have hypothesized that the implicit reading
of pure alexics is carried out in the right hemisphere. They
found that performance patterns of pure alexics on implicit
reading tasks were in many respects similar to that of the
right hemisphere in commissurotomy and hemispherec-
tomy patients (seeBaynes, 1990for review). Furthermore,
in patients with pure alexia, most of whom have a right
homonymous hemianopia, the right hemisphere is the locus
of early visual processing. Damage to deep structures such
as the forceps major can also interrupt transfer of visual
information from the right hemisphere visual arEA’s to the
left hemisphere language regions.

Of the seven alexic patients studied and reviewed by
Saffran and Coslett (1998), two could not name any letters.
These two also had difficulty naming other stimuli from vi-
sual presentation and were reported to be optic aphasics,
since they could name to definition and to tactile presentation
(Coslett & Saffran, 1989b; Coslett & Saffran, 1992). Nev-
ertheless, all seven patients, whether LBL readers or global
alexics, could carry out lexical decision and other semantic
tasks under conditions of rapid presentation. Furthermore,
patient JWC (Coslett et al., 1993), a LBL reader, was tested
on a lexical decision task with high and low imageability

words. As with our patient EA, patient JWC exhibited a sig-
nificant effect of word imageability, responding more accu-
rately to high-imageability words than to low imageability
words. This pattern is consistent with one of the characteris-
tics proposed for right hemisphere reading (Coltheart, 1980,
1983).

Although EA’s performance on semantic categorization
tasks is consistent with one theory of right hemisphere read-
ing, other explanations for implicit reading propose that it is
carried out by the left hemisphere.Behrmann et al. (1998)
have suggested a unitary account of LBL reading, which
they believe reconciles the discrepant findings in previous
LBL studies.Behrmann et al. (1998)do not accept the view
that the right hemisphere solely or primarily subserves the
lexical and semantic effects in LBL reading. Rather, they
believe that the premorbid reading system continues to func-
tion, albeit in a significantly degraded manner. However,
due to the interactive nature of the reading system, degraded
orthographic information may still be processed, and lexi-
cal and semantic information may still influence the reading
patterns of LBL patients.

In our study, the results with EA ultimately favor a di-
rect orthography-to-semantic reading route in the right hemi-
sphere. Most alexic patients, like ML (Shallice & Saffran,
1986) and JWC (Coslett et al., 1993), must be discouraged
from utilizing a LBL strategy in order to be taught to utilize
the implicit reading strategy. In EA’s case, however, she was
only able to utilize an implicit strategy.

It might be suggested that EA is using spared left hemi-
sphere regions to extract semantic information (Behrmann
et al., 1998). On the other hand, given the size and loca-
tion of her lesion, as well as her performance on implicit
reading tasks, a major right hemisphere contribution ap-
pears likely.Behrmann et al. (1998)postulate that a length
x frequency interaction should occur in their IAM model
of LBL reading, but this does not occur with EA. In addi-
tion, EA is not able to engage in LBL reading, as evidenced
by her poor letter naming ability and lack of word length
effects. Although Behrmann et al. suggest that a length x
frequency interaction is crucial for their interactive view of
LBL reading, it is possible that EA is not using the same
reading system that was available to her premorbidly, thus
distinguishing her from LBL readers that have been reported
before.

Even though the “conscious” left hemisphere seman-
tic system is relatively intact (as demonstrated by EA’s
ability to use verbal language), it is nevertheless cut off
from the orthography-to-semantics reading route in the
right hemisphere. By contrast, EA displayed relatively pre-
served oral spelling and writing to dictation, suggesting that
orthographic knowledge could be accessed from spoken
words.

Coltheart (1980)andSaffran et al. (1980)suggest that pa-
tients with deep dyslexia, which is often marked by semantic
errors in reading aloud as well as visual and morphological
errors, the inability to read non-words, and impaired spelling
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and writing, have lost the entire left-hemisphere reading sys-
tem. Therefore, the residual word reading skills that they
demonstrate are the result of right hemisphere function.
However, much of the evidence used to characterize right
hemisphere reading comes from split-brain or hemispherec-
tomy patients, many of whom have abnormal neurological
development. Stronger evidence is provided by a case of
more mature hemispherectomy (Patterson, Vargha-Khadem,
& Polkey, 1989) and an adult case with an additional le-
sion in the posterior half of the corpus callosum (Michel,
Henaff, & Intriligator, 1996), The reading performance of
these patients suggests that semantic errors, poor perfor-
mance on function words, and inability to read non-words
is associated with right-hemisphere interpretation of deep
dyslexia.

Marshall and Newcombe (1973)suggested that there are
two distinct procedures for accessing meaning of written
words based on behavioral data from patients with the disor-
der of surface dyslexia, characterized by impaired applica-
tion of print-to-sound correspondences. The first is a direct
procedure, in which a familiar word activates a stored rep-
resentation that activates meaning directly. The second is a
grapheme-to-phoneme process that derives the appropriate
phonology. In a similar line of thinking, dual-route models of
visual word processing (Coltheart, Rastle, Perry, Langdon,
& Ziegler, 2001) also suggest that there are two separate,
but related routes in the functional mechanism of word read-
ing. The first involves a rapid pathway to the mental lexicon
that directly maps orthographic percepts onto stored word
form representations. The second pathway, which operates
in parallel, is a slower non-lexical route that translates the
graphemic input into phonological information. It has been
suggested that this latter route, the grapheme-to-phoneme
conversion route, allows for the reading aloud of pronounce-
able non-words.

EA was able to make lexical decisions, as well as recog-
nize orthographic “abnormalities.” However, her ability to
translate graphemic input into phonological representations
is significantly impaired. In contrast, she is able to trans-
late phonological input into graphemic output. The visual
word-form area (VWFA) is generally considered to be in
the left hemisphere. In EA’s situation, her VWFA has most
likely been obliterated due to the extent of her left hemi-
sphere lesion. However, her current limited reading abilities
may be dependent on a secondary system located in the right
hemisphere that can support a limited subset of the functions
of the left hemisphere VWFA.

Although there may be a limited-capacity secondary read-
ing system in the right hemisphere, the quality of right hemi-
sphere reading representation may vary appreciably from
individual to individual. Nevertheless, certain characteris-
tics are consistently found in deep dyslexic and pure alexic
patients, and in the right hemispheres of callosotomy pa-
tients. These populations are weak in processing abstract
information and low imageability words, but demonstrate
a greater competence for high-imageability words. Further-

more, they have difficulty performing tasks that depend upon
grapheme-to-phoneme translation. There is also little evi-
dence that these populations can make decisions based on
morpho-syntactic information. This profile may be the result
of a perceptually based semantic system that is important
early in language development, but only in the left hemi-
sphere does that system develop the generative capacity of
syntax and phonology.

4.1. Neuroanatomical substrates

A number of neuroimaging studies have attempted to
localize the VWFA to a precise brain region, but these
efforts have yielded conflicting results. In fact, some re-
searchers have maintained that neither neuroimaging nor
neuropsychological evidence is specific enough to support
the existence of a discrete VWFA (Price & Devlin, 2003).
How might the location of EA’s lesion be illuminating in
this regard? The earliest PET studies implicated left me-
dial extrastriate cortex of the occipital lobe (Petersen et
al., 1988; Petersen, Fox, Snyder, & Raichle, 1990). Sub-
sequent researchers obtained evidence in favor of left pos-
terior middle temporal gyrus (MTG) (Beauregard et al.,
1997; Howard et al., 1992; Price et al., 1994) and left angu-
lar gyrus (Menard, Kosslyn, Thompson, Alpert, & Rauch,
1996). The left medial occipital cortex is obliterated in EA,
but white matter and splenial damage cut off visual input
to left middle temporal and angular gyri, so the location of
EA’s lesion cannot clarify the debate between these VWFA
nominees.

Recent fMRI experiments, however, have suggested that
visually presented words and pseudo-words activate an area
on or near the left fusiform gyrus in Brodmann’s arEA’s 37
and/or 19 (Cohen et al., 2000, 2002; Dehaene, Le Clec’H,
Poline, Le Bihan, & Cohen, 2002). Importantly,Polk and
Farah (2002)recently demonstrated that activity in this re-
gion is not specific for the perceptual form of the stimuli.
Words and pseudowords presented in alternating case (i.e.,
cHaIr), although visually unfamiliar, resulted in greater acti-
vation than same-case consonant strings (i.e., bnqszr). They
argued that the WFA does not respond to the visual form
of word-like stimuli, but rather to a more abstract feature
that represents a sequence of letters independent of its spe-
cific perceptual features. Damage to this region, as in EA,
would not only affect the ability to decode written letter
strings, but would also presumably impair the ability to per-
form cross-case letter matching on visually different items,
as was observed.

In another fMRI study, activations in bilateral occipito-
temporal regions and left posterior MTG were observed for
words compared to pseudowords in a lexical decision task
(Fiebach, Friederici, Muller, & von Cramon, 2002). These
authors suggested that the fusiform gyri are associated
with recognition of visual word forms and provide input
to higher-level semantic or phonological representations
in the left posterior MTG. Most subjects in the studies of
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Cohen et al. (2002)andDehaene et al. (2002)also showed
bilateral activations in the fusiform gyrus. These findings
are in accord with the earlier neurophysiological findings of
Nobre, Allison, and McCarthy (1994), who recorded letter
string-specific N200 potentials from both fusiform gyri. In
EA, the left MTG is intact but cut off from visual input. If
word forms are processed in the right hemisphere initially,
then they are not processed in a way in which the left hemi-
sphere can use them. EA was forced to use the secondary
right hemisphere system to construct meaning from the
strings of letters that she could not process serially. Some
neuroimaging experiments have observed right MTG activa-
tion during semantic processing of visually presented words
(Hagoort et al., 1999; Price et al., 1994), but generally there
is more left-sided MTG activation because of its dominance.

In a more recent study, Cohen and colleagues (Cohen
et al., 2003) found that when the VWFA was destroyed,
a letter-by-letter reader showed activations in the right-
hemispheric counterpart of the VWFA, which is consonant
with the idea that letters are identified in that area. Based
on these findings,Cohen et al. (2003)suggest that there
are putative projections from the R-VWFA to the left-sided
language arEA’s. They added, however, that such a model
fails to explain residual implicit reading. The authors sug-
gested, based on some of the work bySidtis et al. (1981),
that in addition to a transhemispheric pathway supporting
LBL reading, there is also a more anterior semantic route,
which may help some patients circumvent pure alexia. They
also suggested that this route may be available only in a
few subjects with a strong premorbid contribution of the
right hemisphere.

Spelling and writing abilities have been related to arEA’s
outside the VWFA, although their neuroanatomical sub-
strates have been less widely examined. An fMRI study of
writing implicated left anterior and superior parietal lobe re-
gions (Menon & Desmond, 2001), while spelling activated
left angular and posterior inferior temporal gyri (Rapp &
Hsieh, 2002). These parietal lobe arEA’s are intact in EA,
making it plausible that her left hemisphere can support
spelling and writing, but not reading.

We believe that orthographic knowledge is subserved by a
network of brain regions that is not EA’sily dissociable. Our
working model is that there are two orthographic input re-
gions, one in the ventral temporal lobe of each hemisphere.
The left has access to phonological mechanisms necessary
for oral reading and to the lexical-semantic mechanisms nec-
essary for conscious comprehension, while the right only
has access to the right hemisphere’s limited semantic sys-
tem. For orthographic output, the pattern of spelling errors
in EA suggests she is utilizing relatively spared left hemi-
sphere mechanisms in the parietal lobe that are sensitive to
word frequency and regularity, but not word length or part
of speech. Thus, we conclude that implicit reading in EA
emerges from the right hemisphere, wherEA’s her spelling
and writing abilities are supported by more typical left hemi-
sphere mechanisms.
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