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ACQUIRED DISORDERS OF READING

H. Branch Coslett

The study of acquired dyslexia or disorders of reading
dates at least to the contributions of Déjerine, who, in
1891 and 1892, described two patients with quite dif-
ferent patterns of reading impairment. Déjerine’s first
patient' developed an impairment in reading and writ-
ing subsequent to an infarction involving the left pari-
etal lobe. Déjerine termed this disorder “alexia with
agraphia” and attributed the disturbance toa disruption
of the “optical image for words” which he thought tobe
supported by the left angular gyrus. In an account that
in some respects presages contemporary psychological
accotints, Déjerine concluded that reading and writing

required the activation of these “optical images” and -

that the loss of the images resulted in an inability to
recognize or write familiar words.
Déjerine’s second patient® was quite different.
This patient was unable to read aloud or for compre-
 hension but could write, a disorder that Déjerine desig-
nated “alexia without agraphia” (also known as agnosic
alexia and pure alexia). The patient had aright homony-
mous hemianopia from a left occipital lesion, which in-
cluded the fibers carrying visual information from the
right to the Ieft hemisphere. Déjerine explained alexia
without agraphia in terms of a “disconnection” between
visual information confined to the right hemisphere and
the left angular gyrus, which he assumed to be critical
for the recognition of words.

After the seminal contributions of Déjerine, the -

study of acquired dyslexia languished for-decades, dur-
ing which the relatively few investigations that were
reported focused primarily on the anatomic undetpin-
nings of the disorders. The study of acquired dyslexia
was revitalized, however, by the elegant and detailed in-
vestigation by Marshall and Newcombe,? demonstrat-
ing that by virtue of a careful investigation of the pat-
tern of reading deficits exhibited by dyslexic subjects,
distinctly different and reproducible types of reading
deficits could be elucidated.. These investigators de-
scribed a patient (GR) who read approximately 50 per-

cent of concrete nouns but was severely impaired in the
reading of abstract nouns ahd all other parts of speech.
The most striking aspect of GR’s performance, how-
ever, was his tendency to produce errors that appeared
to be semantically related to the target word (e.g.,speak
read as “talk”). Marshall and Newcombe® designated
this disorder “deep dyslexia” These investigators also
described two patients whose primary deficit appeared
to be an inability to derive the pronunciation of irregu-
larly spelled words, such as “yacht” This disorder was
designated “surface dyslexia”

On the basis of these data, Marshall and .

Newcombe® concluded that the meaning of written
words could be accessed by two separate and distinct
procedures. The first was a Iexical (whole-word) pro-
cedure whereby familiar words activated the appropri-
ate stored representation (or visual word form), which,
in tum, activated meaning; reading in deep dyslexia
was assumed to involve this procedure, labeled A in
Fig. 20-1. _ ' T
The second procedure was assumed to be a

phonologically based process in which “grapheme-to- .

phoneme” (hereafter termed “print-to-sound”} corre-
spondences were employed to derive the appropriate

' phonology (that is, “sound out” the word); the read-

ing of suiface dyslexics was assumed to be mediated
by this nonlexical procedure, labeled B in Fig. 20-1.

Although a nustber of Marshall and Newcbmbe's spe~_

cific hypotheses have been criticized, their argument
that reading may be mediated by two distinct proce-
dures has received considerable empirical support. In-
deed, although it has occasionally been questioned, 3
the dual-route model of reading has provided the con-
ceptual framework that has motivated most subsequent
studies of acquired dyslexias and animates the present
discussion. - '

In this chapter we briefly summarize the clinical
features and conceptual basis of the major types of
acquired dyslexia. Additionally, the possible role of
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the right hemisphere in reading is briefly discussed.
Finally, recent efforts to develop computational models
of normal reading and acquired dyslexia are briefly
described.

PERIPHERAL DYSLEXIAS

" Auseful starting point in the discussion of the dyslexias
is the distinction offered by Shallice and Wartington®
between “peripheral” and “central” dyslexias. The for-
* mer are conditions characterized by a deficit in the pro-
cessing of visual aspects of the stimulus that interferes
with matching the familiar word to its-stored ortho-
graphic representation or “visual word form 8 Central
dyslexias, in contrast, are attributable to an impairment
of “deeper”™ or “higher” reading mechanisms by means
of which visual word forms gain access to meaning
or speech production mechanisms. The major types of
peripheral dyslexia are briefly described below.

Figure 20-1 :
A diagram of an information-
processing model of reading in-
corporating three procedures
for oral reading.

Alexia without Agraphia (Pure Alexia)

The classic syndrome of alexia without agraphia or pure
alexia is perhaps the prototypical peripheral dyslexia.
As noted above, the traditional account®? of this dis-
order attributes the syndrome to a “disconnection” of
visual information, which is restricted to the right hemi-
sphere, from the left-hemispheric word-recognition
system.

Though these patients do not appear to be able
to read in the sense of fast, automatic word recogni-
tion, many are able to use a compensatory strategy that
involves naming the letters of the word in serial fash-
ion; they read, in effect, letter by letter. Using the slow
and inefficient letter-by-letter procedure, pure alexics
typically exhibit significant effects of word length, re-
quiring more time to read long as compared to short
words. In contrast to the central dyslexias, performance
is typically not influenced by linguistic factors such as
parts of speech (e.g., noun versus functor), the extent to
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which the referent of the word is concrete (e.g., table)
or abstract (e.g., destiny), or whether the word is ortho-
graphically regular (that is, can be “sounded out™).

A number of alternative accouats of the process-
ing deficit in pure alexia have been proposed. Thus,
some investigators have proposed that the impairment
is attributable to a limitation in the transmission of let-
ter identity information to the visual word system,? an
inability to directly encode visual letters as abstract
orthographic types,>!? or an inability to encode mui-
tiple visual shapes of any sort in rapid succession.!+12
Other investigators have argued that the disorder is at-
tributable to a disruption of the visual word-form sys-
tem itself. '

Although most reports of pure alexia have em-
phasized the profound nature of the reading deficit, of-
ten stating that patients were utterly incapable of read-
ing without recourse to a letter-by-latter strategy,’ss a
number of investigators have reported data demonstrat-
ing that at least some pure alexic patients are able to
comprehend words that they are unable to explicitly
identify.>~!7 This capacity has been attributed by some
investigators (e.g., Ref. 17) to the operation of a reading
procedure based in the right hemisphere.

The anatomic basis of pure alexia has been ex-
tensively investigated. Although on rare occasions as-
sociated with lesions that “undercut” or disconnect the
posterior perisylvian cortex on the left,'® the disorder is
typically associated with a lesion in the posterior por-
tion of the dominant hemisphere, which compromises
visual pathways in the dominant hemisphere and dis-
rupts white matter tracts (such as the splenium of the
corpus callosum or forceps major) critical for the inter-
hemispheric transmission of visual information.!*-20

Neglect Dyslexia

Neglect dyslexia, which is most commonly encoun-
tered in patients with left-sided neglect, is charac-
terized by a failure to explicitly identify the initial
portion of a letter string. Interestingly, the perfor-
mance of patients with neglect dyslexia is often in-
fluenced by the nature of the letter string; thus, pa-
tients with this disorder may fail to report the initial
letters in nonwords {e.g., the “ti-” in a nonword such as
“tiggle”) but read real words (e.g., “giggle”) correctly
(Ref. 21, see also Refs. 22 and 23). The fact that perfor-
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mance is affected by the lexical status of the stimulus

- has been taken to suggest that neglect dyslexia is not

attributable to a failure to register letter information but
reflects an attentional impairment at a higher level of

_representation (see also Chap. 7).

Although neglect dyslexia is generally seen in the
context of the neglect syndrome (see Chaps. 14 and 15},
it has occasionally been observed in isolation or even
in the context of neglect of the opposite side of space.?*

Attentional Dyslexia

Perhaps the least studied of the acquired dyslexias,
attentional dyslexia is charactérized_ by the relative
preservation of single-word reading in the context of

‘a gross disruption of reading when words are pre-
sented in text or in the presence of other words or

letters.>>?® Patients with this disorder may also ex-
hibit difficulties identifying letters within words, even
though the words themselves are read correctly,? and
be impaired in identifying words flanked by extrane-
ous letters (e.g., “Iboat’). We®® have recently investi-
gated a patient with attentional dyslexia secondary to
autopsy-proven Alzheimer disease who produced fre-
quent “blend” errors in which letters from one word of
a two-word display intruded into the other word (e.g.,
“take lime” read as “tame™). Although several accounts
for this disorder have been proposed, the disorder has
been attributed by several investigators to an impair-
ment in visual attention or a loss of location informa-
tion. As visual attention may be critical to mapping the
location of visually presénted objects, these accounts
are not clearly distinguishable.

CENTRAL DYSLEXIAS

In this section we briefly describe the clinical fea-
tures and conceptual basis of the major types of central
dyslexia including “deep,” “phonologic,” and “surface”
dyslexia. Additionally, the phenoménon of “reading

without meaning” is discussed.

Deep Dysiexia

Deep dyslexia, the most extensively investigated
central dyslexia (see, for example, Coltheart and
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colleagues®) is in many tespects the most compelling.
The allure of deep dyslexia is due in large part to the
intrinsically interesting hallmark of the syndrome, se-
mantic errors. When shown the word castle, a deep
dyslexic may respond “knight”; similarly, these inter-
esting patients may read bird as “canary.” At least for
some deep dyslexics, it is clear that these errors are
not circumlocutions and that the patients are not even
aware that they have erred.

While semantic errors are typically regarded as
essential for the diagnosis of deep dyslexia, the fre-
quency with which deep dyslexics produce them is
quife variable; for some patients, semantic errors may

represent the most frequent error type, whereas foroth-

ers they constitute a small proportion of reading errors.
These patients also produce a variety of other types of
reading errors, including “visual” errors in which the
response bears a clear visnal similarity to the target
(e.g., skate read as “scale”) and “morphologic™ errors,

in which a prefix or suffix is added, deleted, or substi-
tuted (e.g., scolded read as “scolds”; govemar read as

“government”).

Additional hallmarks of the syndrome include a
greater success in reading words of high as compared
to low imageability. Thus, words such as rable, chair,
ceiling, and buttercup, the referents of which are con-
crete or imageable, are read more successfully by deep
dyslexics than words such as fate, destiny, wish, and
universal, the referents of which are abstract.

Also characteristic of the syndrome is part-of-
speech effect, such that nouns are read more reliably
than modifiers (adjectives and adverbs), which are, in
turn, read more accurately than verbs. Deep dyslexics

‘manifest particular difficulty in the reading of functors

(a class of words that includes pronouns, prepositions,
conjunctions, and interrogatives such as thar, which,
they, because, under, eic.). The striking nature of the
part-of:speech effect is illustrated by the patient re-
ported by Saffran and Marin®® who correctly read the
word chrysanthemum but was unable to read the the!
Many errors to functors involve the substitution of a
different functor (that read as which) rather than the
production of words of a different class, such as nouns
or verbs. )

As functors are, in general, less imageable than
nouns, verbs, or abjectives, some investigators have
claimed that the apparent effect of part of speech is

_ quently elicit “lexicalization” errors (e.g., flig read as
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in reality a manifestation of the pervasive imageab
effect described above.®! We have reported a patie:
however, whose performance suggests that the
of-speech effect is not simply a reflection of a mg
general deficit in the proeessing of low-imageabi
words, as the difference remained after functors and
content words were matched for imageability.

Finally, all deep dyslexics exhibit a substantial
impairment in the reading of nonwords; when co
fronted with letter strings such as flig or churt, deep
dyslexics are typically unable to employ print-to- soungs
correspondences to derive phonology; nonwords fr

“flag™), perhaps reflecting a reliance on lexical rea
ing in the absence of access to reliable print- to-sound
correspondences. : _
How can deep dyslexia be accommodated by- the,, e
model] of reading depicted in Fig. 20-1?7 Several alter—
native explanations have been proposed. Most investi-;

gators agree that multiple processing deficits mustbe:,

hypothesized to account for the full range of symptoms.
found in-deep dyslexia. First, the strikingly impaired: -
performance in reading nonwords and other tasks as-,
sessing phonologic function suggests that the print-to-:
sound conversion procedure is disrupted. Second, the
presence of semantic errors and the effects of image-
ability (a variable usually thought to influence process-
ing at the level of semantics) have been interpreted by
many investigators as evidence that these patients also
suffer from a semantic impairment; it should be noted in
this context, however, that some deep dyslexic patients
perform well on tests of comprehension with words
they are unable to read aloud. Semantic errors in these
patients have been attributed to a deficit in or access to
representations in the output phonologic lexicon (Ref.

33; see also Ref. 6). Last, the production of visual er-
‘rors has been interpreted by some to suggest that these

patients suffer from an impairment in the visual word-
form system. Other investigators (e.g., Coltheart,3*
Saffran and coworkers® ) have argued that deep dyslex-
ics’ reading is mediated by a system not normally used
in reading—that is, the right hemisphere. We will re-
turn to the i issue of reading with the right hemisphere
below. .

Although deep dyslexia has occaswnally been
associated with posterior lesions, this disorder is typi-
cally encountered in association with large perisylvian
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lesions extending into the frontal lobe. As might be
expected given the lesion data, deep dyslexia is usu-
ally associated with global or Broca’s aphasia but may
rarely be encountered in patients with fluent aphasia.

Phonological Dyslexia: Reading without
-Print-to-Sound Conversion

First described in 1979 by Derouesne and Beauvois, >

phonological dyslexia is, pethaps, the “purest” of the
central dyslexias.in that the syndrome appears to be at-
tributable to-a selective deficit at some stage in the pro-
cedure mediating the translation from print to sound.
Thaus, although in many respects less arresting than
deep dyslexia, phonological dyslexia is of consider-
able theoretical import. It is of interest to note that
the existence of this syndrome was predicted by dual-
route accounts of reading similar to that proposed by
Marshall and Newcombe?® and subsequently identified
when dyslexic patients were assessed with theoreti-
cally motivated tasks. It has since become the subject
of intensive study by cognitive neuropsychologists in-
terested in the organization of reading in the brain.’
Phonological dyslexia is a relatively mild disor-
der in which reading of real words may be only slightly
impaired. Many patients with this disorder, for exam-
ple, correctly read 85 to 95 percent of real words (e.g.,
Reifs. 32, 36, 38). Some patients with this disorder read
all different types of words with equal facility, ¥
whereas other patients are relatively impaired in the
reading of functors.*+42 Unlike patients with surface
dyslexia, described below, the regularity of print-to-
sound. correspondences is not relevant to the perfor-
mance of phonological dyslexics; thus, these patients
typically pronounce orthographically irregular words

such as colonel and words with standard print-to-sound -

correspondences such as administer with equal facility.
Most errors in response to real words appear to have a
visualbasis, often involving the substitution of visually
similar real words (e.g., topple read as “table”).

The striking and theoretically relevant aspect of
the performance of phonological dyslexics is a substan-
tial impairment in the oral reading of nonword letter
strings. A number of investigators have described pa-
. tients with this disorder, for example, who read more

than 90 percent of real words of all types yet correctly
pronounce only about 10 percent of nonwords.33
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Most errors in nonword reading involve the substitu-
tion of a visually similar real word (e.g., phope 1ead as
“phone™) or the incorrect application of print-to-sound
correspondences {e.g., stime read as “stim,” rhyming
with “him”). .

) ‘Within the context of the reading model depicted
in Fig. 20-1, the account for this disorder is rela-
tively straightforward. The patients’ good performance
with real words suggests that the processes involved in
normal “Jexical” reading—that is, visual analysis, the
visual word-form system, semantics, and the phonolog-
ical output lexicon—are at least relatively preserved.
The impairment in nonword reading suggests that the
prini-to-sound transiation procedure is disrupted.

A final point of interest is that a number of phono-

“logical dyslexics exhibit substantial deficits in process-

ing morphologically complex words—that is, words
with prefixes and suffixes.334? The explanation for this
association is not clear.

Phonological dyslexia has been observed in as-

sociation with lesions in a number of sites in the dom-

inant perisylvian cortex and, on occasion, with lesions

of the right hemisphere (e.g., Ref. 42). Damage to the
superior temporal lobe and angular and supramarginal
gyri in particular is found in most but not all patients
with this disorder. Although quantitative data are lack-
ing, the lesions associated with phonological dyslexia
appear to be smaller on average than those associated
with deep dyslexia.

Just as there is variability with respect to the le-
sion site associated with phonological dyslexia, there is
variability with respect to the type and severity of apha-
sia observed in these patients. A phonological dyslexic
reported by Deronesne and Beauvois,>® for example,
did not exhibit a significant aphasia, whereas Funnell’s
patient W.B.%® appears to have had a severe nonfluent

aphasia. ‘

Surface Dyslexia

Surface dyslexia is a disorder characterized by the in-
ability to read words with “Irregular™ or exceptional
print-to-sound correspondences. Patients with surface
dyslexia ate thus unable to read aloud words such as
colonel, yacht, island, have, and borough, the pronun-
ciation of which cannot be derived by phonological or
“sounding out” strategies. In contrast, these patients
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read words containing regular correspondences (e.g.,
state, hand, mint, abdominal) as well as nonwords (e.g.,
blape) quite well,

As noted above, normal subjects may read fa-
miliar words by matching the letter string to a stored
representation of the word and retrieving the pronun-
ciation by means of a mechanism linked to semantics
(or, as discussed below, by means of a nonsemantic “di-
rect” route). As this procedure involves the activation
of stored representations, the pronunciation of the word
is not computed by rules but is retrieved; consequently,
the regularity of print-to-sound correspondences would

- not be expected to play a major role in performance.

In the context of a dual-route model of reading,
the sensitivity to the regularity of the print-to-sound
correspondences provides prima facie evidence that the
impairment in surface dyslexia is in the mechanism(s)
mediating lexical reading. Similarly, the preserved abil-
ity to read regular words and nonwords provides com-
pelling support for the clajm that the procedures by
which pronunciations are computed by the application
of print-to-sound correspondences are at least relatively
preserved. :

Noting that there is substantial variability in
the performance of surface dyslexics with respect to
leading latencies as well as accuracy, Shallice and
McCarthy* suggested that the syndrome of surface
dyslexia be fractionated. Type 1 surface dyslexia, they
suggested, is characterized by effortless and accurate
reading of nonwords and regular words with poor
performance with irregular words only. Type 2 sur-
face dyslexia, in contrast, is characterized by slow, ef-
fortful reading; although these patients read irregular
words less well than regular words and nonwords, they
make errors with all types of stimuli. More recently,
Shallice* suggested that at least for patients with type
2 surface dyslexia, the syndrome may reflect an attempt
to compensate for damage to early stages of the reading
process, -

Other investigators have suggested that the syn-
drome may be fractionated even more. Thus, for exam-
ple, surface dyslexia may be associated with disruption
of the visual word-form system,? with a disruption of
semantics (in conjunction with deficit in the “direct’
route),*>* or with a lesion involving the phonological
output lexicon.*’ Indeed, Coltheart and Funnell43 pro-

Pposed that within the context of a multiroute mode] oﬁ

reading, surface dyslexia might be associated with. as
maiy as seven distinct types of impairment.

Finally, if as suggested above, patients with SUuL: -

face dyslexia are unable to access semantics by meang
of a direct lexical procedure, ‘one might ask how these
patients derive word meaning. At least for some Sur,
face dyslexics, access to a word's meaning appears tg
occur only after the phonological form of the worg
has been derived. Thus, when presented the word lis=
ten, a patient described by Marshall and Newcombe?
responded “Liston” and added “that’s the boxer™

The anatomic correlate of surface dyslexia has
not been well established. Indeed, in recent years the
syndrome has been reported most frequently in the con-
text of dementia.*>**~54 Accordingly, surface dyslexia
in demented patients is sometimes termed “semantic
dyslexia.” Many of these patients have exhibited brain
atrophy most prominent in the temporal lobes (e.g..
Refs. 50 and 53).

- Reading without Meaning

In 1979, Schwartz and coworkers® reported a patient
(WLP) who exhibited a profound loss of semantics
in the context of dementia. Her performance was of
patticular interest because,- unlike patients with sur-
face dyslexia, she correctly read aloud both regular
and irregular words that she was unable to COmpre-
hend, Thus, for example, when asked to sort writ-
ten words into their appropriate semantic categories,
she comectly classified only 7 of 20 animal names;
critically, WLP correctly read aloud 18 of these ani-
mal names, including such orthographically ambigu-
ous or irregular words as iyena and leopard. The same
basic phenomenon-—that is, the ability to read aloud

regular and ‘irregular words that the patient does not .

understand—has subsequently been reported by a num-
ber of investigators (see Refs. 55 and 56). )

The pattern of performance exhibited by WLP
and similar patients is of considerable theoretical inter-
est. Recall that to this point, two procedures have been
described by which written words may be pronounced.
The first (labeled A in Fig. 20-1) involves the activa-
tion of an entry in the visual word-form system, access
to semantic information, and ultimately activation of
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an entry in the phonological output lexicon. The sec-
ond (B in Fig. 20-1) involves the nonlexical print-to-
sound translation process. Reading without semantics
is of interest precisely because it cannot readily be ac-
commodated by such an account. The fact that these
patients do not comprehend the words they correctly
pronounce indicates that their oral reading is not me-
diated by the semantically based reading procedure.
Additionally, the fact that these patients can read ir-
regular words suggests that they are pot relying on a
sublexical print-to-sound conversion procedure.

How, then, do these patients read aloud? Several
explanations have been proposed. One response was to
suggest that oral reading may be mediated by a third
mechanism or route (e.g., Ref. 57). This mechanism
was assumed to be lexically based, involving the acti-
vation of an entry in the visual word-form system and
the “direct” activation of an entry in the phonological
output lexicon (C in Fig. 20-1); note that this proce-
dure differs from the lexical procedure described above

.in that there is no intervening activation of semantic
information. Based on the analysis of a phonologi-
cal dyslexic’s performance across a variety of reading,
writing, and repetition tasks, we*? have reported data
providing additional support for the existence of a lex-
ical but nonsemantic reading procedure. An alternative
hypothesis was proposed by Shallice and colleagues
(Refs. 44 and 46; see also Ref. 58). These investigators
attempted to explain reading without semantics within
the context of a dual-route mode} by proposing that
the phonological reading procedure employs not only
grapheme-to-phoneme correspondences but also cor-
respondences based on larger units including syllables

and even morphemes. Thus, on this account, WLP and .

similar patients are assumed to compute the pronuncia-
tion of irregular words they cannot understand by rely-
-ing on the multiple levels of print-to-sound correspon-
dences available in the phonological system. Finally,
Hillis and Caramazza™ have suggested that the appar-
ent ability to read without meaning is attributable to the
“fact that, while the patient is impaired, the semantic and
phonological reading procedures provide partial infor-
mation that constrains the subject’s responses, Thus,
on this account, neither the sermantic nor phonological
procedure is assumed to be capable of generating the
correct response, but the combination of partial phono-
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logical and incomplete semantic information is often
sufficient to identify the stimulus.

READING AND THE RIGHT HEMISPHERE.

One important and controversial issue regarding read-
ing concerns the putative reading capacity of the right
hemisphere. For many years Investigators argued that
the right hemisphere was “word blind.”>%7 In recent
years, however, several lines of evidence. have sug-
gested that the right hemisphere may possess the ca-
pacity to read. One seemingly incontrovertible line of
evidence comes from the performance of a patient who
underwent a left hemispherectomy at age 15 for treat-
mentof seizures caused by Rasmussen’s encephalitis;5°
after the hemispherectomy, the patient was able to read
approximately 30 percent of single words and exhibited
an effect of part of speech; she was also utterly unable to
use a print-to-sound conversion process. Thus, in many
respects this patient’s performance was similar to that
of a person with deep dyslexia, a pattern of reading
impairment that has been hypothesized to reflect the
performance of the right hemisphere.3435

The performance of some split-brain patients is
also consistent with the claim that the right hemisphere
is literate. These patients may, for example, be able to
match printed words presented to the right hemisphere
with an appropriate object.?6? Interestingly, the pa-
tients are apparently unable to derive sound from the
words presented to the right hemisphere; thus, they
are unable to determine if a word presented to the
tight hemisphere rhymes with an auditorially presented
word. “ .

Another line of evidence supporting the claim
that the right hemisphere is literate comes from evalua-
tion of the reading of patients with pure alexia and optic
aphasia."»%® We reported data, for example, from four
patients with pure alexia who performed well above
chance on a number of lexical decision and semantic
categorization tasks with briefly presented words that

- they could not explicitly identify, Three of the patients

who regained the ability to identify rapidly presented
words explicitly exhibited a pattern of performance
consistent with the right-hemisphere reading hypothe-
sis. These patients read nouns better than functors and
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words of high (e.g., chair) better than words of low -

(e.g., destiny) imageability. Additionally, both patients
for whom data were available demonstrated a deficit
in the reading of suffixed (e.g., flowed) as opposed to
pseudo-suffixed (e.g., flower) words. Thesc data are
consistent with a version of the right-hemisphere read-
ing hypothesis postulating that the right-hemisphere
lexical-semantic system primarily represents high im-
ageability nouns. On this account, functors, affixed
words, and low imageability words are not adequately
represented in the right hemisphere.

Finally, we reported data from an investigation
with a patient with pure alexia. in which transcranial
magnetic stimulation (TMS) was employed to directly
test the hypothesis that the right hemisphere medi-
ates the reading of at least some patients with ac-
quired dyslexia.* We reasoned that if the right hemi-
sphere provides the neural substrate for reading, the
transient, localized disruption of cortical processing
caused by TMS of the right hemisphere would interfere
with reading. An extensively investigated patient with
pure alexia who exhibited the reading pattern described
above was asked toread aloud briefly presented words,
half of which were presented in association with TMS.
Consistent with the bypothesis that his reading was
mediated by the right hemisphere, stimulation of the
right hemisphere interfered with oral reading, whereas
left-hemisphere stimulation had no significant effect.

Although a consensus has not yet been achieved,
there is mounting evidence that, at least for some peo-
ple, the right hemisphere is not word-blind but may
support the reading of some types of words. The full
extent of this reading capacity and whether it is relevant
0 normal reading, however, remain unclear.

COMPUTATIONAL MODELS
OF THE DYSLEXIAS

To this point, the discussion of acquired reading disor-
ders has been motivated by a widely though not uni-
versally (see Refs. 4 and 5) accepted multiroute infor-
mation processing model of reading. In recent years, .
however, computer-implemented parallel distributed
processing (PDP) models of cognitive processing have
made important contributions in many domains of cog~
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nitive science, including reading (sce Chap. 7). Thess -
models, which differ from traditional information pro- g
cessing models in that they offer (and in fact require)
greater specification of the manner in ‘which informa- .
tion is represented and processed, have called into ques-
tion the necessity of hypothesizing two routes to-ac-
count for the syndromes reviewed here. Although a de-
tailed discussion of these models is beyond the scope
of this chapter, several PDP accounts of reading are
briefly summarized below.

Seidenberg and McClelland® have reported a
PDP model of single-word reading in which the proce-
dure for computing pronunciation directly from orthog-
raphy (that is, without semantic mediation} is assumed
to be mediated by a single network in which ortho-
graphic patterns are linked to phonological represen-
tations by means of an intermediate “hidden layer”®
In conirast to the information processing accounts de-
scribed above, this model does not postulate a discrete
“lexical” or word-representation procedure or distinct
lexical and sublexical procedures for the computation
of phonology. Of particular relevance in the present
context is the fact that investigators hdve attempted to
simulate the performance of dyslexic patients by mod-
ifying or “lesioning” this PDP model. Patterson and
colleagues,5 for example, have attempied to model
the performance of surface dyslexics by eliminating
a proportion of the connections or units at different
“lesion” sites. Although the simulations do not appear
to capture all of the chardcteristic features of the perfor-
mance of surface dyslexics, the lesioned models gener-
ate data that are in many interesting and important re-

" spects similar to those of patients. More recently, Plaut
and Shallice®” have reported a series of simulations of

different PDP architectures in an attempt to model the
performance of patients with deep dyslexia.

Finally, Seidenberg and Joanisse have recently
extended their computational approach to reading to
an issue of considerable theoretical importance: the
reading of prefixed and suffixed (that is, “multimor-
phemic’) words.5® On the basis of empiric studies with
normals as well as data from a computational model,
Gonnerman et al.5* argue that morphologic structure
is an “emergent, interlevel representation that mediates -
computations between form and meaning” rather than
an explicit level of representation.
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An alternative computational account of reading
has been developed by several investigators. Reggia
and coworkers’! developed a model that incorporates
both lexical and nonlexical procedures for the compu-
tation of phonology. This model, which employs a com-
petitive distribution of activation to govern interaction
- between competing concepts, simulates many aspects
of normal reading performance. In a series of elegant
investigations, Coltheart and colleagues’? have de-
scribed a computationally instantiated version of dual-
route theory similar to that presented in Fig, 20-1, the
“dual-route cascaded” model. This account incorpo-
rates a “lexical” route {similar to C in Fig. 20.1) as well
as a “nonlexical” route by which the pronunciation of
graphemes is computed on the basis of position-specific
correspondence rules. Like the PDP models described
above, the dual-route cascaded model accommodates
a wide range of findings from the literature on normal
reading. And as with the PDP models, “lesioning” the
dual-route cascaded model produces disorders that are,
at least in many respects, similar to acquired dyslexias
described earlier in this chapter.’

A full discussion of the relative merits of these
models as well as other approaches to the understand-
ing of reading and acquired dyslexia (e.g., Ref. 75) is
beyond the scope of this chapter. It would appear likely,
however, that investigations of adquired dyslexia will
help to adjudicate between competing accounts of read-
ing and that these models wiil continue to offer criti-
cal insights into the interpretation of data from brain-
injured subjects. )
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