Behavioural Neurology 22 (2009/2010) 35–44
DOI 10.3233/BEN-2009-0258
IOS Press

35

Patterns of reading performance in acute
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Abstract. One of the main sources of information regarding the underlying processes involved in both normal and impaired
reading has been the study of reading deficits that occur as a result of brain damage. However, patterns of reading deficits
found acutely after brain injury have been little explored. The observed patterns of performance in chronic stroke patients
might reflect reorganization of the cognitive processes underlying reading or development of compensatory strategies that are
not normally used to read. Method: 112 acute left hemisphere stroke patients were administered a task of oral reading of words
and pseudowords within 1–2 days of hospital admission; performance was examined for error rate and type, and compared to
that on tasks involving visual lexical decision, visual/auditory comprehension, and naming. Results: Several distinct patterns of
performance were identified. Although similarities were found between the patterns of reading performance observed acutely
and the classical acquired dyslexias generally identified more chronically, some notable differences were observed. Of interest
was the finding that no patient produced any pure semantic errors in reading, despite finding such errors in comprehension and
naming.
Keywords: Dyslexia, oral reading, acute stroke

1. Introduction
One of the main sources of evidence for the underlying processes involved in both normal and impaired
reading has been the study of individuals who have developed reading deficits as a result of brain damage.
From the patterns of preservation and impairment in the
reading (and other task) performance of these individuals, inferences have been drawn regarding the nature of
the underlying processes involved, and how these may
be differentially disrupted following brain damage.
Studies have identified several commonly occurring patterns of performance, which have traditionally
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been viewed as reflecting specific dyslexic syndromes
(see [11,26] for reviews). Although these syndromes
are heterogeneous, with inherent variability in the range
and severity of deficits observed within each group,
their classification reflects key differences in relation to
word and nonword reading ability.
One of the most widely studied of these classic
dyslexic syndromes is deep dyslexia, which is associated with deficits in the reading of both words and nonwords. The central defining feature of the syndrome
is the presence of semantic errors (e.g., cat → dog),
in oral word reading (e.g. [1–3,9,17,30,31,38,39,47,
49,54,55]). Other key features include the production
of visual (e.g., mouse → house), and morphological
(e.g., import → imported) errors in word reading, coupled with a severe difficulty (or complete inability) to
read nonwords. In addition, reading accuracy in deep
dyslexia is often influenced by the effects of concreteness (with concrete words read more accurately than
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abstract words), and grammatical class (with nouns
read more accurately than other syntactic classes; see
e.g. [30,36]).
A second commonly observed reading pattern is
that of phonological dyslexia, which involves a comparative inability to read nonwords compared to real words (e.g. [28,30,49,50,53,58,62]). Predominant
errors in nonword oral reading include orthographically/phonologically related lexicalization errors (e.g.,
fown → frown), and phonological errors. In addition, similar to deep dyslexic individuals, phonological dyslexic individuals have been observed to make
morphological and visual errors in real word reading,
as well as demonstrating effects of concreteness and
grammatical class on oral reading accuracy [30]. In
fact, the patterns of reading performance in deep and
phonological dyslexias are so similar (with the presence of semantic errors in deep dyslexia the only distinguishing feature), a number of researchers have argued that phonological and deep dyslexia are not separate disorders but are two ends of a continuum of reading performance, with deep dyslexia representing an
extreme form of phonological dyslexia [21,30,56].
A third identified pattern of reading is that of surface
dyslexia, which is characterized by a selective word
reading deficit involving regularization errors when attempting to read words which violate spelling-sound
correspondences (e.g., ‘pint’ pronounced as rhyming
with ‘mint’ [6,10]). Words with regular spelling-sound
correspondences, and nonwords are read relatively accurately.
Finally, there are a number of individuals who are
almost completely unable to read aloud either words or
nonwords, or only do so very slowly and laboriously
in a letter-by-letter fashion, in the syndrome known as
(pure) alexia (e.g. [12,18,24,27,32,48]). When words
are able to be read letter-by-letter by these dyslexic
individuals, errors generally bear a visual similarity to
the target.
Based on these different patterns of reading performance observed in acquired dyslexia, researchers
have proposed models of both normal and impaired
oral reading [7,14,15,23,29,44,46,51,52]. For example, the dissociation between dyslexic individuals who
can read nonwords but not irregular words (surface
dyslexia), and those who can read at least some words
but not nonwords (phonological dyslexia), has been
taken as evidence for the existence of two independent
processes involved in reading [44–46]. The first process, known as the sublexical or assembled route, involves the use of known grapheme-phoneme conver-

sion (GPC) rules to derive the correct phonological representation of the letter string. This route is capable of
reading words that conform to regular spelling-sound
correspondences, as well as nonwords. The second
route, known as the lexical or addressed route, involves
accessing the phonological form of the word from orthography via the word’s semantic representation. This
mechanism makes it possible to read all familiar words
(with both regular and irregular pronunciations), but
cannot read unfamiliar words or nonwords. In addition to these two routes, a third, direct route has sometimes been proposed, in which a phonological lexical
representation is accessed from an orthographic lexical
representation directly, without the need for semantic
mediation (e.g. [46,59]; but see [4]). Although models may differ in relation to their architecture and processing assumptions (see e.g. [44] versus [16]), there
is some agreement that these lexical (whole-word) and
sublexical reading processes are involved in the translation from orthography to phonology. However, other
accounts of reading posit only a single mechanism of
reading, involving computation of an output via parallel processing of distributed orthographic and phonological (and in some models, semantic), representations based on statistical relationships between input
and output (e.g. [7]).
According to dual-route (or dual-process) models,
phonological and deep dyslexia result from impairments to the sublexical route, resulting in a difficulty with reading nonwords (and unfamiliar words),
while surface dyslexia is attributed to an impaired lexical route, meaning that reading can only occur via
grapheme-phoneme correspondence [44]. The additional semantic errors which define deep dyslexia are
argued to result from additional impairments either to
the semantic system itself, or its ability to activate the
word’s phonological representation. Although it is often assumed that deep dyslexia reflects a combination
of a deficit in semantics and a deficit in sublexical processes, it should be noted that this pattern of performance can also arise from an impairment in access to
semantics specifically from vision or access to phonological representation from intact semantics, combined
with impaired sublexical processes [5].
However, the patterns of performance on which these
models of normal and impaired reading are based come
almost exclusively from the study of patients with subacute or chronic lesions. Although there are studies that
have examined acquired dyslexia within two or three
weeks after brain damage (e.g. [25,55]), the vast majority of studies have examined dyslexia months (e.g. [27,
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31,42,48]), or years (e.g. [22,35,40,57,60]), post-onset.
Very few, if any, have examined patterns of impaired
reading performance observed after brain damage in
the acute phase (i.e., within one to two days of brain
damage). A successful model of normal and impaired
reading performance must be able to account not only for patterns of reading deficits found after chronic
brain damage, but also those found acutely. Patterns
of reading performance that are found only after the
acute phase would be likely to represent some sort of
reorganization of the cognitive system, or reliance on
compensatory mechanisms or brain regions that are not
normally used for reading. The current study aimed
to identify the patterns of reading performance found
in the acute stage of brain injury by examining oral
reading in a large sample of acute stroke patients.

2. Method
2.1. Participants
A series of 331 right-handed patients with acute ischemic stroke, were initially enrolled upon meeting the
following inclusion criteria: premorbid proficiency in
English, no known hearing loss or uncorrected visual
impairment; no history of dementia, previous symptomatic stroke, or other neurological disease; and no
hemorrhage on initial scans. Testing was attempted to
be completed within 24 hours of stroke onset; however,
some patients were included who were tested between
24 and 48 hours of stroke onset (usually because they
were admitted close to or after 24 hours after initial
symptoms). Following enrollment, 197 patients were
excluded from the current study due to: right hemisphere or bilateral infarcts, the absence of infarct on
MRI or CT scans, a history of previous ischemic stroke,
and/or less than a 10th grade level of education. Of
the remaining 135 patients, 23 failed to complete the
oral reading task, and were removed from the study.
For the final group of 112 patients, the mean age was
59.4 ± 15.03 standard deviation (SD) years; the mean
education level was 13.3 ± SD 2.3 years.
2.2. Language Tasks
2.2.1. Reading Tasks
Within 48 hours of stroke onset participants were
presented with a 58 item oral reading task, involving
both word and nonword reading. For the majority of
patients, the task involved reading 34 words and 24
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nonwords (however, for a small subset of patients, the
task involved reading 36/22 or 35/23 words/nonwords,
due to an error in the stimuli). Words ranged in length
from three to seven letters (mean = 5 ± SD 1.3 letters),
while nonwords tended to be slightly shorter, ranging
from three to five letters (mean = 4.1 ± SD 0.7 letters)
because they were created by changing one letter of 24
words 3–5 letters in length, matched in frequency to
the 24 3–5 letter words on the word reading list.
In addition to the oral reading task, patients performed a visual lexical decision task on the same items
they read aloud; and a reading comprehension task
comprised of a 17 item visual word/picture verification
task, in which each of 17 items was presented three
times (once every 17 items): once with a semantically
related foil; once with a phonologically related foil; and
once with the target, in counterbalanced order across
three presentations of the same set of items. The patient
was required to accept the target word and reject both
foils to receive credit for the item ([19], for the validity
of this task in the auditory modality).
2.2.2. Additional Tasks
In addition to the reading tasks, patients were also
given an auditory comprehension task, comprised of
an auditory variant of the word/picture verification task
described above (although with a different set of stimuli); and a 17 or 30 item untimed picture naming task,
with line drawings taken from [33].
2.3. Data analysis
On all tasks, the initial response was scored. Oral
reading performance was coded for word/nonword error rate and type. Error categories for word reading included: 1) semantic errors, which included coordinates
(e.g. “cat” for the target word ‘dog’), associates (e.g.,
bone for dog), superordinates (e.g., animal for dog),
subordinates (e.g., Labrador for dog), and circumlocutions (e.g., they bark a lot); 2) phonological/visual errors, which included visual (words related to the target
with at least two-thirds of letters/phonemes in the same
position, e.g., dot for dog), phonemic (nonwords related to the target by initial or final phoneme, e.g., dop
for dog), neologisms (nonwords phonologically unrelated to the target, e.g., mip for dog), phonologically
plausible (e.g., pronouncing the ‘o’ in dog as in the
word ‘doe’), and morphological (e.g., dogs for dog); 3)
mixed errors, which bore both a semantic and phonological/visual relationship to the target (e.g., frog for
dog); 4) unrelated (e.g., table for dog); 5) no respons-
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es; and 6) other errors, which could not be categorized. The error categories for nonword reading were
the same as those for word reading, with the exclusion
of semantic, mixed, and phonologically plausible errors
(which were not possible for nonwords). These error
categories were also used in the scoring/categorization
of oral picture naming performance.
Based on the error types observed for words and
nonwords, patients were categorized into five groups,
based on the patterns of errors: 1) No Error – patients
who made no errors in reading; 2) Phonological/Visual
Only – patients who made only phonological/visual errors in word/nonword reading; 3) Nonword Deficit –
patients who made errors predominantly on nonwords,
classified as at least twice as many errors on nonwords
than words (some of whom might meet criteria for
phonological dyslexia); 4) Word Deficit – patients who
made errors predominantly on words, classified as at
least twice as many errors on words than nonwords
(some of whom might meet criteria for surface dyslexia); and 5) General Oral Reading Deficit – patients who
made errors on both words and nonwords. We did not
classify them according to the dyslexia syndromes described earlier (phonological, surface, and deep dyslexia) for two reasons. Firstly, the current study was designed to be an examination of general word and nonword reading performance, and as such, the stimuli
were not designed to measure all aspects identified in
the aforementioned research with chronic patients (e.g.,
concreteness and grammatical class effects). Secondly, many patients with acquired dyslexia in the chronic
phase also fail to meet criteria for these syndromes.

3. Results
Although all patients completed the oral reading task,
which was of most interest in the current study, not
all patients completed the remaining lexical decision,
reading comprehension, oral picture naming, and auditory comprehension tasks. Where the numbers of patients completing the task did not match the total number of patients for the group, patient numbers for the
task are stated or indicated in squared parentheses.

in reading performance, ranging from individuals who
made no errors, to those who could not read any of the
word/nonword stimuli presented. As can be seen in
Table 1, a greater number of errors were produced on
nonwords than words, with phonological errors (particularly visual and phonemic errors) the predominant
error type for both. In addition to oral reading, deficits
were also observed in the other reading tasks examined.
Of the 102 patients who completed the visual lexical
decision task, 88% (90 patients) demonstrated some
degree of error, producing a greater number of errors
on nonwords compared to words. A fewer number of
patients demonstrated deficits in reading comprehension [109 patients], with just over half the group (51%)
producing errors on this task, with a roughly equivalent
number of semantic and phonological errors. Deficits
were also observed in oral picture naming [107 patients], with just over 70% of patients producing errors,
and auditory comprehension [107 patients], with 50%
of the patients who completed this task demonstrating
some degree of error.
No patient produced a pure semantic error on the
oral reading task, although five patients made mixed
errors (1 Word Only, 1 Phonological/Visual Only, and
3 General Oral Reading Deficit). However, the rates
of these mixed errors were low – less than 1% error
rate for the group as a whole, and 3–6% for the individuals who made mixed errors (1–2 mixed errors
each). In contrast to the absence of pure semantic errors in oral reading, these errors were observed in oral
picture naming (7% error rate), reading comprehension
(9% error rate), and auditory comprehension (10% error rate). Of the 85 patients who fully completed all
four tasks, 21% made semantic errors on all tasks excluding oral reading (even mixed errors in oral reading
were not observed in these patients). In fact, seven patients (1 No Error, 2 General Oral Reading Deficit, and
4 Phonological/Visual Only), were found to produce
semantic errors at a rate of greater than 10% of items
across the other three tasks (naming, reading/auditory
comprehension), but failed to make a single semantic
(or mixed) error in oral reading.
3.2. Specific group analysis

3.1. Whole group analysis
Of the 112 patients who completed the oral reading
task, 92 (82%) produced at least one error (Table 1).
Although the group as a whole had an overall error rate
of around 18%, there was a great deal of variability

The 112 patients who completed the reading task
were divided into five groups based on their oral reading
profiles: No Error, Phonological/Visual Only, Word
Deficit, Nonword Deficit, and General Oral Reading
Deficit (Table 1).
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Table 1
Error rates (percentage of total responses) for all patients in study, as well as specific reading groups
All
Mean
SD
Oral Reading
Total Errors
Words
Total Errors
Error Type:
Semantic
Mixed
Phonological
Visual
Phonemic
Neologism
Plausible
Morphological
Unrelated
No Response
Other
Nonwords
Total Errors
Error Type:
Phonological
Visual
Phonemic
Neologism
Unrelated
No Response
Other
Other Tasks
Lexical Decision
Total Errors
Words
Nonwords
Reading Comprehension
Total Errors
Semantic
Phonological
Oral Picture Naming
Total Errors
Semantic
Phonological
Auditory Comprehension
Total Errors
Semantic
Phonological

NE
Mean
SD

VO
Mean
SD

WD
Mean SD

NWD
Mean
SD

GRD
Mean SD

18.0

22.8

0

0

4.0

3.2

1.7

0

21.2

14.8

45.4

34.0

11.1

20.2

−

−

1.0

1.4

1.7

0

8.3

9.1

40.9

32.8

0
0.2
7.8
3.0
3.1
1.0
0.2
0.5
0.6
2.2
0.3

0
0.8
13.9
4.5
6.1
7.2
0.8
1.7
2.5
10.2
1.2

−
−
−
−
−
−
−
−
−
−
−

−
−
−
−
−
−
−
−
−
−
−

−
−
−
1.0
−
−
−
−
−
−
−

−
−
−
1.4
−
−
−
−
−
−
−

0
0.6
1.8
0
1.2
0
0
0.6
0
0
0.6

0
1.3
1.6
0
1.6
0
0
1.3
0
0
1.3

0
0.1
6.3
3.2
2.5
0.1
0.2
0.4
0.3
1.2
0.3

0
0.4
6.7
4.0
3.1
3.1
0.8
1.2
1.4
4.0
1.3

0
0.6
27.3
8.4
10.9
6.0
0.5
1.5
2.8
9.8
0.6

0
1.5
23.2
5.8
10.8
16.9
1.1
3.4
5.1
22.8
1.9

27.9

30.2

−

−

7.6

6.3

0

0

39.5

25.2

51.6

37.1

21.3
14.2
5.7
1.4
0.6
5.2
1.0

22.3
15.0
7.6
8.2
2.6
15.3
3.0

−
−
−
−
−
−
−

−
−
−
−
−
−
−

−
7.6
−
−
−
−
−

−
6.3
−
−
−
−
−

0
0
0
0
0
0
0

0
0
0
0
0
0
0

31.9
23.4
8.3
0.2
0.3
5.6
1.6

17.9
15.1
5.9
1.3
1.1
14.4
3.8

32.7
14.2
11.2
7.4
2.4
15.4
1.3

29.4
13.1
11.5
19.1
5.8
26.3
3.1

11.7
4.9
21.4

10.5
8.2
22.7

4.3
7.5
4.3

6.7
13.1
6.7

12.1
1.6
27.0

11.7
2.2
29.1

3.8
5.8
2.4

3.4
7.0
2.5

13.4
5.4
24.6

9.7
8.3
20.0

18.7
11.7
29.4

11.3
12.4
28.9

14.2
8.9
7.7

21.7
18.2
15.6

8.7
7.5
6.5

23.4
23.6
23.6

17.0
11.1
10.0

26.6
22.6
15.1

1.2
0
1.2

2.6
0
2.6

14.8
8.9
7.9

21.1
16.6
14.5

19.3
10.9
8.0

18.4
13.0
8.8

21.3
6.6
4.7

27.4
7.5
12.3

11.6
6.4
2.1

16.4
10.0
7.6

17.8
1.1
4.4

26.6
3.2
6.4

0
0
0

0
0
0

18.2
2.9
6.6

23.9
7.5
7.1

48.2
5.0
16.2

31.7
5.3
22.3

11.7
10.3
5.1

19.9
18.7
12.2

2.1
1.8
1.8

4.8
3.9
4.3

12.1
10.3
3.3

20.8
17.3
7.7

1.2
1.2
0

2.6
2.6
0

12.1
10.5
5.1

19.3
18.2
9.0

25.4
21.4
11.1

26.5
26.8
23.3

Note. All = all acute patients in study; NE = No Error group; VO = Visual Only group; WD = Word Deficit group; NWD = Nonword Deficit
group; GRD = General Oral Reading Deficit group.

3.2.1. No error
Of the 112 patients, 18% (20 patients) produced no
errors in oral reading. However, although this group
demonstrated preserved oral reading, 70% made errors
in at least one of the other reading tasks examined. Interestingly, 60% of the patients in this group produced
errors in the visual lexical decision task (which involved
the same words as the oral reading task), although error
rates were generally low. In addition, 26% of those
who those completed the reading comprehension task

[19 patients] showed some degree of deficit. In relation
to the non-reading tasks, errors were also observed on
oral picture naming [19 patients], with 58% demonstrating some degree of error, and auditory comprehension (20% of the patients in the group), although again,
error rates were not high for this task.
3.2.2. Phonological/Visual only
Of the 112 patients, 15% (17 patients) produced only
phonological/visual errors. The majority of patients in
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this group (70%) made errors on nonwords only (usually reading them as words), and as such, the error rates
for nonwords, was much higher than those of words.
All the patients in this group who completed the lexical decision task [15 patients] made errors on the task,
with errors predominantly on nonwords, compared to
words, fitting the pattern seen in their oral reading of
the misidentification of nonwords as words. In addition to errors on lexical decision, approximately half of
the group (53%) produced errors on the reading comprehension task, with similar rates of errors on both
semantic and phonological foils. In relation to performance on the other tasks examined, for the patients
who completed the tasks [16 patients for each task],
69% produced errors on oral naming, while 56% were
found to demonstrate some degree of error on auditory comprehension, with the error rates on both tasks
comparable to those found for the group as a whole.
3.2.3. Word deficit
Of the 112 patients, only 4% (5 patients) produced errors on predominantly words. A predominance of word
errors only occurred in patients who produced no nonword errors at all. There were few errors produced by
this group, but the majority were visual/phonological in
nature, and none were phonologically plausible. Therefore, despite their relatively preserved reading of nonwords, they could not be described as having surface
dyslexia. As with oral reading, error rates on the other reading tasks examined were comparatively low for
both lexical decision (4 patients, or 80% of the group,
producing task errors), and reading comprehension (1
patient, or 20% of the group). Interestingly, in line with
their oral reading, and in contrast to the other groups
examined, these patients made more lexical decision
errors on words (6%) than nonwords (2%). In the nonreading tasks, only one patient produced an error in
auditory comprehension, and interestingly, no patient
demonstrated any oral naming errors. Thus, it appears
the overall deficits observed by these patients were
milder than the other patient groups examined (at least
for the tasks in the current study). However, this group
was small (only 5 patients), so caution must be taken
in interpreting any possible patterns of performance.
3.2.4. Nonword deficit
Of the 112 patients, 46% (51 patients) produced errors predominantly on nonwords, compared to words.
Errors in this group were predominantly phonological
in nature, with the majority of these phonological errors bearing a visual relationship to the target. In rela-

tion to the other reading tasks examined, of the patients
who completed the task [47 patients], 96% demonstrated some degree of error on the lexical decision task,
producing a much higher rate of errors on nonwords
compared to words. In addition, 60% of the patients
who completed the reading comprehension task [50 patients] demonstrated errors on this task, with comparable rates of semantic and phonological errors. In relation to the non-reading tasks examined, 75% of the
patients who completed the oral picture naming task
[48 patients] produced errors, producing more phonological than semantic errors, while 51% of the patients
who completed the auditory comprehension task [47
patients] produced errors, with a greater proportion of
semantic than phonological errors.
3.2.5. General oral reading deficit
Of the 112 patients, 17% (19 patients) produced errors on both words and nonwords at comparable rates.
Not surprisingly, this group was found to have the worst
overall reading performance of all the groups examined (46% error rate). As with the other groups, errors
were predominantly phonological/visual in nature for
both words and nonwords. A high rate of no responses
was also produced for both words and nonwords. In
relation to the other reading tasks examined, this group
also produced a higher rate of errors in lexical decision
[15 patients; 93% producing errors] and reading comprehension [18 patients; 67% producing errors] than
the other groups examined. In addition, deficits in the
non-reading tasks were found to be much higher than
the other groups examined for both oral picture naming
(95% producing errors), and auditory comprehension
(89% producing errors).

4. General discussion
The current study aimed to examine the oral reading
performance of a large sample of patients with acute
stroke, in an attempt to identify what patterns of reading deficit, if any, are observed in the acute stages of
brain injury. While there were a number of patients
who produced no errors on the oral reading task, the
majority of patients (over 80%) demonstrated some degree of impairment, and number of distinct patterns of
performance were identified.
The vast majority of patients who demonstrated
deficits on the current reading task were found to have
a comparatively greater difficulty with the oral reading
of nonwords compared to words, with almost half the
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patients examined showing this pattern of reading performance. In addition, a number of patients displayed a
general reading deficit, demonstrating difficulties with
the oral reading of both words and nonwords. Not
surprisingly, this group was found to have the greatest
severity of impairment of all the reading deficit groups
identified. The majority of errors produced by both
the nonword and general reading deficit groups were
phonological in nature, with visual and phonemic errors predominating in both word and nonword reading.
Another group was also found to produce only visual
errors in word and nonword reading, with the majority
of their errors occurring for nonword reading (i.e., lexicalization errors), although error rates were not high
(approximately 1% and 8% for words and nonwords respectively). Finally, patients who produced deficits on
words in the presence of intact nonword reading were
rare, and their deficits were comparatively mild compared to the other groups identified, especially those
who produced nonword errors in addition to word errors.
Although direct comparisons between the current
acute reading patterns and the dyslexic syndromes
found more chronically cannot be made, we can attempt identify potential similarities and differences in
word/nonword reading patterns, and types of errors
produced. As noted in the introduction, phonological
dyslexia is associated with a comparative inability to
read nonwords compared to real words (e.g. [30,50,
58]), with production of predominantly visually related
lexicalization errors, and phonological errors in nonword reading. This pattern of reading performance is
very similar to that found in the current study for the
nonword reading group. The visual/phonological errors only group also produced predominantly lexicalization errors on nonword reading. However, this group
produced no other phonological error types, and their
error rates were generally much lower than that found
for the nonword group (see Table 1).
According to dual-route models (based on chronic
reading deficits), phonological dyslexia result from impairments to the sublexical route, meaning that successful reading can only be achieved via the (comparatively intact) lexical route [44]. As this pattern was
relatively common, a reliance on the lexical route (socalled ‘semantic’ reading), may be a dominant compensatory strategy for reading following acute brain injury. Alternatively, the sublexical route may simply be
more susceptible to damage, either as a result of the
neuroanatomical location of the brain regions involved,
or due to the fact that translation from orthography to
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phonology is one of the later learned cognitive functions, generally not being acquired until school-age.
Those who also produced a high rate of word errors in
addition to nonword errors (the general reading deficit
group), may have had an additional impairment to the
lexical route as well as the sublexical route, resulting
in impaired performance on both word and nonword
reading, although damage to other associated reading
processes, such as visual processing, cannot be ruled
out.
In contrast, although there were a small group of
patients who demonstrated good nonword reading in
the face of a (mild) difficulty in word reading, no patient demonstrated the pattern similar to that generally
attributed to surface dyslexia, that is, phonologically
plausible errors in irregular word reading coupled with
intact regular word and nonword reading. In fact, very
few individuals in the group as a whole produced any
phonologically plausible errors, and those who did also tended to produce errors in nonword reading. Surface dyslexia has been suggested to reflect a reliance
on sublexical reading mechanisms, in the presence of
impaired semantics and/or impaired access to phonological representations from intact semantics [37]. The
failure to observe such a pattern in the current study
raises the possibility that reliance purely on a sublexical
process is a learned compensatory strategy for reading.
However, it is difficult to determine the significance
of the absence of an acute reading pattern similar to
surface dyslexia due to the lack of prevalence rates for
the specific acquired dyslexic syndromes. It is possible that acquired surface dyslexia is a particularly rare
reading deficit, accounting for the failure to find a patient in the current study who fitted this profile, despite
the relatively large number of patients examined.
Of interest in the current study is the finding that
no patient tested within 48 hours of stroke produced
pure semantic errors acutely (the defining feature of the
chronic syndrome of deep dyslexia), despite finding a
high rate of such errors in oral picture naming. A small
number of patients did produce mixed reading errors,
which bore both a semantic and phonological relationship to the target. However, with this type of error,
it is difficult to determine whether there is a semantic
contribution to the errors produced, or if the errors are
purely phonological and bear a semantic relationship to
the target by chance – a possibility that cannot be ruled
out given the high rate of phonological errors produced
by the patients examined. As with surface dyslexia,
it is possible that we failed to observe a pattern similar to deep dyslexia in the current study due to the
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potential rarity of the reading deficit. However, it is
interesting that no semantic errors were observed in the
oral reading task despite the high prevalence of such
errors on other tasks assessed, that is, oral naming, and
auditory/visual comprehension.
It is feasible that the current finding of a lack of semantic errors in naming acutely is evidence for the possibility that such errors do not occur during the acute
stage of brain injury. The majority of previous studies
that have examined semantic errors in acquired dyslexia have studied deep dyslexic patients months (e.g. [31,
41]), or years (e.g. [3,54]), after their initial brain injury. One of the earliest timeframes in which deep
dyslexia has been reported is 3 weeks post infarct [55].
So, it is possible that the current findings reflect that
the production of semantic errors in oral reading may
not occur acutely, and may take several days or weeks
to be observed. If this is indeed the case, then it would
suggest that these errors, and therefore the pattern of
reading known as deep dyslexia, may reflect compensation or reorganization following brain damage. But
what could be the possible reason for this?
One possibility is the proposal that deep dyslexia reflects right hemisphere reading [20,43,55]. The right
hemisphere is likely always to be engaged in some respects in reading, as indicated by functional imaging
studies that show activation of right (albeit less than
left) hemisphere areas during reading by right-handed
individuals [8,34,61]. However, normally the right
hemisphere is not used for reading independently of
the left hemisphere. It has been proposed that the right
hemisphere codes semantics, or word meanings, more
coarsely or broadly than the left hemisphere, such that
semantically related words (e.g. car and truck) might
not have distinct semantic representations in the right
hemisphere [24,42]. Reliance on right hemisphere semantic representations for reading, in the absence of
left hemisphere more fine grained semantic representations, would plausibly lead to the production of semantic errors in reading. It is plausible that reliance
on right hemisphere mechanisms of reading would not
occur acutely, since functional imaging studies in acute
aphasic individuals do not show the increase in activation of the right hemisphere that is often seen later in
stroke in the same individuals [13].
The task remains to determine whether or not deep
dyslexia is indeed only a subacute/chronic disorder, a
task made difficult by the fact that a failure to observe
the deficit acutely does not equate to proof that it does
not occur. More compelling evidence that such errors
only occur outside of the acute phase, as a result of

compensation or reorganization, would come from the
observation of semantic errors in a patient in the subacute or chronic phase who did not produce any such
errors acutely. Research to identify this pattern of oral
reading performance is currently underway.

5. Conclusion
One of the main sources of evidence for the underlying processes involved in both normal and impaired
reading has been the study of acquired dyslexia. However, the vast majority of studies have examined dyslexic reading in the chronic stages of brain injury, and few,
if any, have examined patterns of reading found acutely.
Reading performance in the acute phase is of interest
as it allows the examination of possible mechanisms
involved in normal and impaired reading without reorganization of functioning. In addition, reading patterns
in these individuals may help to shed light on models of normal and impaired reading, which may predict different patterns of performance at the acute and
chronic stages. The current study aimed to be the first
step in furthering in our knowledge regarding reading
performance in the acute stages of brain injury. Many
similarities were found in the reading performance of
individuals after acute brain damage and those more
chronic patients reported in previous literature. However, despite these similarities, some interesting differences in the patterns of errors produced were observed.
The task now remains to confirm the existences of these
differences, and to examine what significance, if any,
these differences have in relation to current models of
oral reading.
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