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Abstract

Two individuals with anomic aphasia and acquired alexia were each provided treatment for their reading

impairment. Although reading of single words in isolation was fairly accurate, their text reading was slow and
effortful, including functor substitutions and semantic errors. Prior to treatment, reading reaction times for single
words showed grammatical class and word-length effects. Both patients responded positively to a treatment protocol
that included two phases: (1) multiple oral rereading of text, and (2) reading phrase-formatted text that had
increased spacing between phrasal clauses. Their reading rates for text improved while maintaining good
comprehension. Following treatment, reading reaction times for single words showed the elimination of

grammatical class and word-length effects, suggesting improved access to word forms, particularly functors.

(JINS 1998,4, 621-635.)
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INTRODUCTION work for examining component processes of reading. We

will also give an overview of alexia treatment approaches
Damage to the language-dominant hemisphere that resultsjqat were considered as treatment was planned.
aphasia typically disrupts the cognitive processes necessary acquired alexia can be characterized in a given patient
for reading. Therefore, some degree of alexia is reported ipg|ative to the assumed functional architecture for reading.
the majority of individuals with acute aphasia (Basso et a'-SingIe-word reading has been conceived as a series of pro-
1979; Wertz etal., 1981) and in chronic aphasia, as well (WebBgagsses that allow meaning and phonology to be derived from
& Love, 1983). The alexia profiles associated with aphasi%rmted words, as shown in Figure 1 (after Ellis, 1993, and
may conform to distinct alexia syndromes, but there is not gjjjis & Caramazza, 1992). Visual input (i.e., letter strings)
predictable relationship between aphasiatype and alexia syRs transformed into a graphemic representation that is ge-
drome (see, for example, Marshall & Newcombe, 1987). Inneric in the sense that it is independent of font or style of
many (possibly most) cases, alexia associated with aphasigiting. The graphemic representation is held in a buffer
reflects multiple levels ofimpairment and is characterized a§Caramazza et al., 1996; Hillis & Caramazza, 1992), and is
mixedalexia. The impairment also has been referred to agypsequently processed by lexical or nonlexical routes. When
aphasic alexidecause the centrallanguage impairmentplay$eading is accomplishedia semantics (i.e., the lexical—
amajor role in the reading disorder (Friedman et al., 1993gemantic route), as indicated by the vertical sequence in Fig-
Goodglass, 1993). ure 1, the representation in the orthographic input lexicon

In this paper we will describe the assessment and rehasctivates the associated semantic information, which in turn

bilitation of 2 individuals with anomic aphasia and ac- aqqresses the representation in the phonological output lex-
quired alexia who responded positively to reading treatmenicon. The phonological representation is held in the phono-
The cases were noteworthy in that cognitive analyses of reaqlogica| output buffer in preparation for speech production.
ing before and after treatment provided insight into the mechanother lexical route has been proposed (Path (a) in Fig-
anism forimprovement. Before presenting the cases, we Willre 1) that reflects a direct association between the ortho-
review a model of single-word reading to provide a frame-graphic input lexicon and the phonological output lexicon

that bypasses semantics (i.e., the lexical nonsemantic route;
] i i . Schwartz et al., 1980). In such cases, the written words are
Reprint requests to: Pelagie M. Beeson, Speech and Hearing Science . L
Lab, University of Arizona, Building 71, Room 214, 1131 E. 2nd Street, reCOQn'Zed and Sp0ken’ but meaning Is not addressed. When
Tucson, AZ 85721. E-mail: pelagie@u.arizona.edu a word is not accesseda the lexical route because it is
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= reading route is impaired in phonological alexia, and deep
alexia, so that reading cannot be accomplished by applying
common print-to-sound rules (Coltheart, 1980; Glosser &
Friedman, 1990). In deep alexia there is additional impair-
Visual Processing ment to the lexical-semantic system, so that semantic errors
are common in reading (Coltheart, 1980; Marshall & New-
Orthography to combe, 1973). Individuals with aphasia may experience par-
Graphemic Buffer 5 Phonology tial or complete damage to lexical or nonlexical reading
/ (input) / Conversion routes, or both, producing a variety of mixed alexia profiles.
The treatment literature for acquired alexia is not exten-
sive, but provides evidence that reading can be improved in
cases of relatively well-specified alexia syndromes (for re-
views see, Hillis & Caramazza, 1992; Patterson, 1994), and
in cases of unspecified alexias associated with aphasia (Hol-
land et al., 1996; Katz & Wertz, 1997). The changes af-
fected by treatment stand in contrast to reports of relatively

Orthographic
Input Lexicon

Semantic

System (@ (®)  stable alexia profiles in untreated patients (Behrmann et al.,
\lr 1990; Wilson, 1994). With some exceptions, including the
reported evolution from deep alexia to phonological dyslexia
Phonological 2 (Klein etal., 1994), it appears that neurologically stable cases
Output Lexicon of acquired alexia do not appear to change significantly or
\I' to evolve without therapeutic efforts.
Treatment derived from a cognitive model of reading typ-
/ Ph°"°('§gi°‘:'t)3”“e' ¢ ically aims to strengthen those processes and representa-
P tions that are damaged, and to take advantage of preserved
l cognitive processes in order to circumvent the weaknesses
Articulatory Processes (Hillis, 1993). Such model-driven treatments primarily have
l been directed toward improved reading accuracy for a cor-
pus of single words. Positive results have been reported for
Apple" pure alexia (Daniel et al., 1992; Gonzalez Rothi & Moss,

Fig. 1. Model of cognitive processing for single-word reading (af- 1992), surface aIeX|a_(Colthe{:1rt & Byng, 1989; Scott &
ter Ellis, 1093 and Hillis & Caramazza, 1992). The vertical path BYNd, 1989), phonological alexia (Moody, 1988a), and deep
on the left represents the lexical-semantic route; Path (a) indicatedlexia (DePartz, 1986; Nickels, 1992). Although these stud-
the lexical-nonsemantic route; Path (b) indicates the nonlexicales documented improved single-word reading, little infor-
route. mation was provided regarding the impact of these treatments

on reading performance for connected text, which often is
the ultimate treatment goal.
unfamiliar or not a real word, it may be read by the non- There are treatment protocols for alexia that targeted text
lexical route that utilizes grapheme-to-phoneme converfreading rather than single words. Some of these treatments
sion, represented by Path (b) of Figure 1. The phonologicallyvere general, or nonspecific, in the sense that there was no
assembled word is ultimately retained in the phonologicabdetermination of the cognitive processes influenced by the
output buffer prior to speech production in the same mantreatment, but they were effective nonetheless. For exam-
ner as words retrieved from the lexicon. ple, Cherney et al. (1986) reported positive results from an
Selective disruption of the component processes for readsral reading treatment with 10 individuals with aphasia and
ing can result in qualitatively different forms of alexia that alexia whose reading profiles were not detailed, but who
include (but are not limited to) pure alexia, surface alexiawere presumably somewhat diverse. The protocol included
phonological alexia, and deep alexia (see, for reviews, Friedsral reading of sentences and paragraphs alone and in cho-
man et al., 1993; Shallice, 1988). Pure alexia, or alexia withfal reading with the therapist. The treatment resulted in sig-
out agraphia, is characterized by a disruption early in thenificant improvement in reading comprehension, and oral
reading process so that orthographic word forms are not easnd written expression for individuals who were relatively
ily recognized (Dejerine, 1891, 1892), and letter-by-letterearly postonset (3 weeks to 3 months) as well as those who
reading often replaces whole word recognition (Pattersonvere later postonset (9—29 months). Katz and Wertz (1997)
& Kay, 1982). Surface alexia reflects an impairment to thealso reported improved reading and language performance
lexical reading route with a resultant overreliance on spellingin a group of 55 aphasic individuals with unspecified alexia
to-sound correspondences (i.e., the nonlexical route; Path (Iprofiles who were at least 5 years postonset. Their patients
in Figure 1), so that irregularly spelled words are often reg+eceived computer-provided treatment that included inter-
ularized (Patterson et al., 1985). In contrast, the nonlexicahctive reading tasks arranged along a task continuum that
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progressed from letter and word matching, to compreheninfarct in the left parietal and frontal lobes, and a small area
sion tasks including single words, questions, and complexf possible infarct in the right parietal lobe. The stroke was
sentences. Similar to Cherney et al. (1986), Katz and Wertaltimately attributed to hypercoagulability associated with
documented that improved reading performance was assthe cancer. Medical records indicated a significant Broca’s
ciated with a generalized language improvement as well. aphasia and right hemiparesis immediately following the
Another text-reading approach was introduced by Moyeistroke.
(1979) that entailed multiple oral rereading (MOR) of text.  S.V. was working as a computer programmer in a re-
The MOR procedure has been shown to improve reading isearch setting at the time of her stroke. Her educational back-
letter-by-letter readers (Beeson, 1998; Moody,1988b; Tuoground included two bachelor’s degrees (one in anthropology
mainen & Laine, 1991). Repeated oral reading of writtenand one in physics) and a master’s degree in philosophy.
passages resulted in improved reading rate for practiced m&he was clearly a highly intelligent woman who had been
terial, and more importantly, it facilitated improved reading an avid reader and writer prior to her stroke.
rate for new material as well. The treatment effect from MOR
was attrlbuted_ to improved \_/vord—form recognm.on due tolnitial Assessment
the top-down influence provided by the semantic and syn-
tactic context (Beeson, 1998; Tuomainen & Laine, 1991). When she was first seen at our clinic at 8 months postonset
Improved accuracy of text reading over single-word read-of stroke, S.V.’s hemiparesis had resolved and her aphasia
ing was recently documented in three individuals with deephad evolved to an anomic type with an aphasia quotient of
dyslexia by Silverberg et al. (1998). Although this was not88.8 on the Western Aphasia Battery (WAB; Kertesz, 1982).
a treatment study, it provided a comparison of reading acAt that time, she produced grammatically well-formed ut-
curacy for words presented in isolation and in a paragraphterances with slowness and hesitation. She complained of
Silverberg et al. found that oral reading of closed class wordsome word finding difficulty, and was particularly moti-
(i.e., function words) was better in the context of paragraphvated to improve her reading abilities. She indicated that,
reading as opposed to single-word reading. Based on Gasince her stroke, she felt that she had to read aloud (rather
rett's model of sentence production (Garrett, 1982), Silverthan silently) in order to comprehend the information.
berg et al. argued that syntactic environments provided by
text supported the retrieval of f_unctlon words, whereas CONT ot Reading—Pretreatment
tent words were not affected in the same manner because
they are retrieved independently of the phrase structure. Thugt 10 months postonset, S.V.’s oral reading accuracy, rate,
the cognitive processes active during text reading provide@nd comprehension were assessed using the Gray Oral Read-
semantic and syntactic context that constrained the lexicahg Test—3 (GORT-3; Wiederholt & Bryant, 1992). The
retrieval processes in a way that did not occur with single-<GORT-3 consists of passages of increasing length and dif-
word reading. ficulty (Levels 1 through 13) that are followed by compre-
To date, successful treatments for acquired alexias haveension questions, and is available in equivalent forms, A
included procedures that target specific cognitive processeand B. S.V. was given Form A, Levels 1 to 10 to read aloud.
as well as more general approaches which may affect se\each passage was followed by multiple choice comprehen-
eral cognitive processing components for reading, but argion questions read aloud by the examiner while visible to
relatively nonspecific. The 2 cases that we report heres.V. As shown in Figure 2, S.V.’s reading rate was slow com-
showed alexia profiles that are best characterized as mixguared to the reported range for adults of 150 to 200 words
alexia, and warranted treatment for reading text. Our apmin for reading aloud (Rayner & Pollatsek, 1989), and was
proach might be considered nonspecific in that we couldnfluenced by length and difficulty of the passage. Her mean
not specify at the outset which cognitive processes were speeading rate for Levels 1 to 5 on the GORT-3 was 40 words
cifically targeted. However, a comparison of our patients’'min (SD= 9) compared to 22 wordmin (SD= 11) for the
reading profiles before and after treatment provided insighimore difficult Levels 6 to 10. Oral reading of 1,065 words
into the probable treatment mechanism. on the GORT-3 resulted in 31 uncorrected errors that in-
cluded functor substitutions (e.gan— had), inflectional
errors (e.g.likes— liked), semantic errors (e.dgall — long)

PATIENT S.V. and visually similar word substitutions (e.gooked—
cooled). Despite S.V.’s slow rate and presence of oral read-
Case Report ing errors, her reading comprehension was quite good; S.V.

made no errors on the questions for the first eight passages.
S.V. was aright-handed woman who experienced a left hemi- Reading treatment was not initiated until 2 months after
sphere stroke at age 39 years. Her previous medical histoipe initial assessment, so Levels 1 to 5 of GORT-3, Form B
was unremarkable; however, 6 weeks after the stroke shwere administered at 12 months postonset to determine if
was diagnosed with ovarian cancer, which was treated suS.V.’s reading performance was stable. Her mean reading
gically followed by chemotherapy. An acute CT scan andrate was 45 wordsnin (SD= 8), which was similar to the
subsequent MRI revealed a large left middle cerebral arteryate of 40 wordgmin obtained at 10 months postonset on
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100 7 Baseline MOR Treatment Phrase-Format Treatment

B GORT levels 1-5
O GORT levels 6-10

Words per Minute

—
4/14/94 6/10/94 8/25/94 12/9/94 2/7/95 4/25/95 9/12/95
Form A Form B Form A Form B Form A Form B Form A

Fig. 2. Reading rates in words per minute on the Gray Oral Reading Test—3 for Patient S.V. before treatment and after
multiple oral rereading (MOR) and phrase-formatted text (PF) treatments.

Form A. Oral reading contained errors consistent with thosevord and the initiation of speech to read the word were re-
at initial testing, and response to comprehension questionsorded* Response accuracy was noted for each item. Mean
was good. Thus, S.V.’s text reading appeared to be relaresponse times were calculated for each word list, after out-
tively stable. She commented on her reading, “I know nounsliers were excluded by setting a rejection boundary of plus
Connecting words give me trouble.” This was consistent withor minus 2 standard deviations from the mean of each re-
her functor substitutions noted in reading text. Occasionsponse subset.

ally, when S.V. had difficulty reading a word, she appeared When assessed at 12 months postonset of stroke, read-
to be sounding out the first sound or syllable, and she coming accuracy for single words was relatively good. S.V.
mented that sometimes she had to sound out words in ordeesponded correctly to 147 out of 160 (91.8%) single words.
to read them. However, in those instances, she did not apFhere were no marked effects of frequency, imagery, or
pear to rely solely on orthography-to-phonology conver-part of speech on single-word reading accuracy. S.V.’s mean
sion because she did not regularize the pronunciation afeading reaction time of 1375 m$&D = 927) was slow
irregularly spelled words. compared to 3 normal age-matched contrds< 620 ms,

SD = 88). The controls showed no significant effects for
word frequency, imagery, part of speech, or word length.
A comparison of reading reaction times for S.V. showed

Single, written words from the Psycholinguistic Assess-N0 Significant effects for frequency or imagery([L,69) =
ment for Language Processing in Aphasia (PALPA; Kay2-296,p = .134;F(1,69)= 0.143,p = .708, respectively].

et al., 1992) were presented individually on a computeAlthough the mean response time for functors (1744 ms)
screen for reading using the SuperLab program (CedrudVas slower than nouns (1293 ms), adjectives (1348 ms),
1989-1991). Reading accuracy and reaction times were ob-

tained for balanced word lists that controlled various lexi
cal features. so that the foIIowing effects were examined: 1Reaction times were obtained by manual keypress at the initiation of
1) f ' di bil f (2 . Ithe response, rather than a voice-activated trigger. We recognize that re-
(1) frequency and imageability of nouns; (2) grammaticalcy geq reaction times include the experimenter's reaction time to the ini-
class (noun, adjective, verb, functor); and (3) word lengthiation of speech production which may result in slower than actual reaction

(four-, five-, six- and seven-letter words). Words were pre_times. However, our data from 6 normal control participants showed con-
' ' . sistent reaction time across word lengths, no effects for grammatical class,

sented in the Cen_ter of a 38-cm ComPUter screen 'n_24'p0'r?|tnagery, or frequency; in addition, standard deviations were smaller than
font. Response times between the visual presentation of thes ms (which includes both experimenter and participant variability).

Single Word Reading—Pretreatment
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and verbs (1401 ms), the difference was not statisticallyspelled words. In addition, her nonword reading indicated
significant [F(3,67) = 1.879,p = 0.142]. A word-length that her ability to convert orthography to phonology was
effect was noted in that reading reaction times were increpartially impaired.

mentally longer as words increased in length from four to S.V.’s subjective complaints of more difficulty with “con-
seven lettersr(= .295,p < .001; see Figure 3). Spelling necting words” were consistent with the functor substitu-
regularity was not tested with controlled lists; however, thereions in text reading and the longer (although not significant)
was no evidence from S.V.’s single-word or text readingresponse times for functors. S.V.’s paralexic errors were not
that irregularly spelled words posed any particular diffi- mirrored in her spoken utterances. Her speech was charac-
culty. S.V. was able to read some nonwords/@ cor-  terized by hesitation and occasional word-finding difficul-
rect), albeit slowly, demonstrating some ability to deriveties, but did not typically contain functor substitutions,
phonology from orthography. morphological, or semantic errors. In summary, S.V.’s read-
ing profile shared some features observed in pure alexia
(word-length effect), deep alexia (semantic errors and gram-
matical class effect), and surface alexia (some phonemic self-
Slowed reading rate and paralexias in reading text were theuing), but did not conform to any of the classic alexia
most notable features of S.V.’s reading. The observed wordyndromes.

length effect of about 132 ms for each additional letter sug-

gested some disruption pf whole—word recognition; how-Reading Treatment

ever, the increased reading time per word was not of the
magnitude typically observed in letter-by-letter reading (Behr-The goal of reading treatment for S.V. was to improve her
mann et al., 1990; Shallice, 1988), nor was there evidenceeading rate with a relatively high level of accuracy and com-
of overt letter-by-letter reading. Increased response timeprehension. Oral reading was the selected approach be-
for longer words may have reflected her efforts to self-cuecause itwas S.V.’s preferred manner of reading and it allowed
by derived phonology. There was no evidence that S.V. reus to monitor her reading accuracy. S.V.’s word length ef-
lied on the nonlexical route exclusively, however, becausdect suggested that she had some disruption in direct ac-
she did not make regularization errors on irregularlycess to the orthographic input lexicon, so the multiple oral

Pretreatment Reading Summary
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Fig. 3. Reading reaction time by word length obtained from patients S.V. and T.D. before treatment for reading and
from three control participants.
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reading approach (MOR) was considered worthy of trial bewas reread during the weekly therapy session, the clinician
cause it had been shown to be effective in increasing readyuided S.V. to correct reading errors on-line. On some oc-
ing rate in other patients with disrupted access to thecasions, the clinician presented S.V. with a list of words that
orthographic input lexicon, specifically, letter-by-letter read-she had misread in text; when those error words were pre-
ers (Beeson, 1998; Tuomainen & Laine, 1991). Addition-sented individually, S.V. rarely misread them. S.V. was in-
ally, the syntactic constraints offered by text were consideredtructed to spend at least 30 min per day reading the passage;
potentially facilitative for the reading of function words she kept a reading log to confirm this homework regimen.
which were particularly vulnerable to error in S.V. (Silver- When reading rate for practiced text reached a target goal
berg et al., 1998). of 100 wordgmin, it was retired and another passage was
introduced for repeated oral reading homework.

Over the course of 10 months of treatment, S.V. achieved
the goal of 100 wordénin on eight SRA passages. Her read-
The oral reading treatment program was initiated with S.Ving rates for new SRA texts indicated that her reading rate
at 12 months postonset of stroke. She was seen once pfar new text was improving as well, as shown in Figure 4.
week to monitor the treatment protocol, which relied heav-Her reading rate was sampled using alternate forms of the
ily on daily reading homework. The MOR procedure wasGORT-3 after 2, 6, and 10 months of treatment. As shown
adapted from Moyer (1979) and was consistent with thatn Figure 2, marked improvement in reading rate was re-
used by Beeson (1998) to increase reading rate in a lettecorded after 6 months of MOR treatment (9294). S.V.
by-letter reader. S.V. was given a passage from the Scierfirad doubled her pretreatment reading rate for the easier
tific Research Associates (SRA; 1978) series to read alouGORT-3 Levels 1 to 5 (40 wordsin — 87 wordgmin)
during a therapy session. Her oral reading rate was deteend the more difficult Levels 6 to 10 (22 wortisin — 45
mined for the selected passage, and then the passage wasrds/min). After that time, reading rates appeared to reach
repeatedly read aloud with the goal of increased reading rat@ plateau both on the SRA passages and with additional
with improved or maintained accuracy. When the passag&ORT-3 testing (27/95 on Figure 2).
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80 T T 20
+19
+18

70 +
+17
16

60 + 15
14

50 18

© 50 +

L 12 2
£ w—
= 11 ©

@ 40+ g

Q 40 103

3 +9 o

—

S o 8

= 1 5
3ot 1 O
p 1

- N W H» OO0 O N ©

o

v+ ¥ T T T T T T + ¢+ T T T FT T T T T LT T T T T + ¢+ T T T T TS
o O O O O O O O o O O O O O O O O O O O O o o o O O O O O O o
22222222 2222222022222 222222
O M W O M N~ O ©~ W ® M W O N O ¢ O = M W W N~ ™Mm O O N O +~ ©
iy 2 I Q Z 22 T ¢

s T T ¥ ¥ YR oo I T ¥¥NSSsT I YL - T Y% Q@
© ©OW © W © © O O O O O ~ -~ O O O O O v = vy~ Y ™ v v+ v~ v

————— - - =
Date

Fig. 4. S.V.'s reading rates for previously unread passages from the SRA reading program, sampled over 6 months.
The darkened region indicates the designated grade level of the SRA text.
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Phrase-Formatted Text words/min (SD = 20), respectively. These rates were con-
sistent with those obtained during weekly sessions for pre-
At 22 months postonset, the treatment approach was changggbusly unread text for which S.V.’s rates ranged from 90 to
in an effort to achieve additional reading improvement. A110 wordgmin for relatively easy reading material to 45 to
treatment approach using specially formatted text was ings wordgmin for difficult material. This congruity served

spired by the work of Bever and colleagues who found thag ajleviate concern that improved rate on the GORT-R pas-
spacing text to isolate major phrases increased its readabidzges was simply due to familiarity.

ity for college students who were average or poor readers
(Bever et al., 1990, 1992; Jandreau & Bever, 1992; Jan-
dreau et al., 1986). Their phrase-formatted text was geneSingle Word Reading— Posttreatment

ated using a computer algorithm that parsed sentences. | d di st
into grammatical phrases and inserted an extra space b§_|ng €-word reading was reasses COMPULET presen-

tween phrases as was done in this sentence. A phras[aa-tion at the end of treatment; that is, after 15 months of
formatted textbook entitlethtroducing computer&lissmer, re_adlng treatment. Response accuracy was again quite high,
1990) that was used by Bever et al. (1990) was the materi ith 157 cqrrect responses out of 160 words controll_ed f_or
used for this treatment phase with S.V. During each weekly' S4UENCY, IMagery, and grammatical c_Iass. As shown in Fig-
therapy session, her reading rate was obtained for a sectiéﬁﬁ 5, reactlofn time Lorlfgzztors hadllwgé)roved m(;]re tr;]an
of previously unread text in the book. Homework consisted! er part; of speec ( ms 0 ms) S0 that there
of reading the text at least 30 min per day. By this treatmen\.’v";‘s_IIttIe difference in response times as a fur_1ct|_o_n of gram-
phase, S.V. was increasingly comfortable reading Silentlymatlcal class. There was also_ no Ilonger a significant word
so her homework reading was accomplished silently or aloud?ng;h effept Iic_)r reaglng reaction time £ .04, p = .639),
however she preferred. Regularly formatted SRA passag&S shown in Figure ©.
were presented at least once per month to sample reading
performance .for standard text. . Follow-up

S.V.’s reading rate was sampled using the GORT-3 after
2 and 7 months of reading phrase-formatted text. As showsome follow-up sessions were spent exploring remaining
in Figure 2, her reading rates were relatively unchanged foclinical questions for S.V. First, we suspected that her
Levels 1 to 5, but improved for Levels 6 to 10, so that hermaximum oral reading rate of about 110 waofiehén might
final reading rates were 93 worftein (SD = 15) and 56 reflect the upper limit of her speech production capabili-
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Fig. 5. Reading reaction times for nouns, adjectives, verbs, and functors obtained from S.V. before and after treatment
for reading.
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Fig. 6. Reading reaction times as a function of word length obtained from S.V. before and after treatment for reading.

ties. She was presented several written passages of welDiscussion
known text and asked to read them aloud. Her fastest reading
rate was 125 wordsnin for The Pledge of Allegianggvhich ~ S.V.’s reading treatment was not initiated until 1 year after
appeared to confirm that the upper limits of her oral read-her stroke. Clearly that was a time when physiological res-
ing rates were constrained by her speech production ratéitution had long since taken place. It can be assumed that if
This rate was slow relative to normative oral reading ratesS.V. had made no effort to improve her reading at that time,
for unfamiliar material (150-200 wordsin; Rayner & it would not have changed significantly. Indeed, she showed
Pollatsek, 1989), with faster rates expected for familiarrelatively stable performance during repeated testing span-
material. ning a 2-month pretreatment period. S.V. indicated that read-
Several therapy sessions were directed toward silent reaéhg was laborious and effortful, and that she had not resumed
ing, encouraging S.V. to depart from word-by-word readingher prestroke pleasure reading. The multiple oral re-reading
and to reduce subvocalization of written words. In that con-approach was considered an appropriate initial treatment for
text, she was in fact able to increase her silent reading rat8.V. because it allowed her to develop competence with a
to arange of 150 to 180 worgd®in, with good reading com- selected passage supported by the familiarity of the content
prehension for new material. However, S.V. ultimately de-and syntactic structure. As observed in letter-by-letter read-
cided that reading rates in excess of about 120 wonits  ers (Beeson, 1998; Moyer, 1979), increased reading rate for
required so much effort that they were not tolerable for pleapracticed reading material appeared to facilitate reading rate
sure reading. Therefore, she was satisfied with pleasure reatbr new reading material in S.V. as well.
ing rates that appeared to hover around 100 woris. After institution of the phrase-formatted text, S.V. made
Continued contact with S.V. has shown maintenance of possome additional gains in reading rate for more difficult text,
treatment reading rates, continued daily reading for pleabut she appeared to have been nearing her ceiling perfor-
sure, and successful return to part-time work. mance of about 100 wordsin for the easier text. It ap-
The Western Aphasia Battery was readministered to S.\peared that her oral reading rate was constrained by her slow
at 21 months postonset. Her aphasia quotient had improvespeech production rate, which was notable in conversation
from 88.8 before treatment to 94.7, showing improvementand on picture description tasks. If she was reading aloud as
in naming and repetition abilities. Although this improve- fast as she could produce the words, then treatment with the
ment was modest, it was deemed significant in that it waphrase-formatted text was not given an adequate evaluation
greater than the standard error of measurement for the WARiith S.V. because of the ceiling effect for easier text.
of about 5 AQ points (calculated from Shewan & Kertesz, S.V. initially complained that functors were difficult for
1980). her, and her text reading showed functor errors as well as
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derivational errors. It was intriguing to note that she im-90.3 on the WAB (Kertesz, 1982), with a profile consistent
proved her reading reaction time for functors to a greatewith anomic aphasia. Subtest results showed mild deficits
extent than nouns, adjectives, and verbs. This may suggest auditory comprehension, repetition, and language formu-
that the repeated reading was particularly helpful to stabilation, with naming most impaired. Word-finding and cir-
lize her recognition of the function words. Although all words cumlocutory responses were noted. Reading difficulty was
in a given reading passage received multiple exposure aBD.’s primary complaint at that time. He reported that he
the passage was repeatedly read for the MOR procedurdid not read because he was so slow and did not compre-
function words received the greatest exposure because thégnd well. Additional neuropsychological testing revealed
are the most frequent words. Another explanation for theeduced digit span forward (raw sccre?; 28th percentile),
differential effect for functors is derived from Garrett’s reduced visual memory span forward (raw scer6; 12th
(1992) speech production model, suggesting that the syrpercentile), and impaired written calculation for single digit
tactic frames provided by sentences facilitated word recogmultiplication (510 correct) and single digit division (51
nition for function words to a greater extent than contentcorrect).

words, as Silverberg et al. (1998) showed in their patients

with deep dyslexia. Text Reading

S.V.'s reduction of the word-length effect also was of in- 1 i, .5 yeading was assessed at 5 months postonset of stroke
terest. The presence of a word-length effect prior to treatyit, the GORT-3, Form A. Oral reading rate was slow with
ment suggested that S.V. employed serial decoding of wordg i ean of 58 wordsnin (SD= 11) for Levels 1 to 5, and
to some extent. Clinical observation and self-report sugsq \yordgmin (SD= 3) for Levels 6 to 8 (Figure 7). Com-
gested that when S.V. failed to access the word form, shg,enension was mildly impaired as indicated by a mean com-
employed the nonlexical route to retrieve some phonology, ehensjon rate of 78%. T.D. spontaneously corrected many
for the word, and did not use a letter-by-letter reading apy,f s reading errors during text reading. On the GORT-3
proach. The partial phonological information may have, eyels 1 to 8, he made 23 uncorrected errors out of 763
served to guide her access to the orthographic input lexig,, 4s that included functor substitutions (eugader— be-

con, with longer worc_is requiring more time to decode thantweer) and semantic errors (e.good—s okay). In order to
shorter words. The disappearance of the word-length effeGiotermine if T.D.’s reading was improving spontaneously,

after treatment suggested a shift to whole word recognition 5 saline reading samples were obtained for 4 weeks using

that was not reliant on serial decoding. In summary, S.V.'SgpA text at Grade Level 3.5. As shown in Figure 7, T.D.’s

improved reading rate appeared to reflect a generalizegencorm(,:“me was relatively stable at 57, 69, 59, and 61
improvement in whole word recognition and a SpeCiﬁCwords/min (M = 61.9:SD= 6.2).

improvement in associating written functors to their corre-

sponding phonological representations. Single-Word Reading—Pretreatment

Single-word reading was assessed by computer presenta-
tion as described for Patient S.V. T.D. responded accurately
Case Report to 138 out of ;60 words controlled for frequency, imagery,

_ _ _ ~and grammatical class. There were no marked effects of fre-
T.D. was a right-handed man with a history of hypertensionquency, imagery, or part of speech on single-word reading
who experienced an intracranial hemorrhagic stroke at aggccuracy. A comparison of reading reaction times showed
51 years. An acute CT head scan revealed>a@lcm he-  ng significant effect for word frequencyF[1,65)= 1.159,
matoma in the left posterior temporoparietal region. Medi-p = .286], but low imagery words were read more slowly
cal records indicated paraphasic, fluent aphasia that evolve@ian high imagery wordsq(1,65)= 8.076,p = .006]. Mean
to anomic aphasia by 3 weeks postonset. He had adequaigaction times for functors (6460 ms) were significantly lon-
auditory comprehension for short statements, legible printger than for nouns (2397 ms), adjectives (3842 ms), and verbs
ing, profound confrontation naming deficits, and severe read¢2888 ms); F(3,60) = 6.460,p = .001; Tukeypost hoc
ing comprehension and written formulation deficits. Intestsp < .05]. As shown in Figure 3, seven-letter words
addition, impulsivity, poor memory and attention, and dif- were read more slowly than four-, five-, and six-letter words,
ficulties with problem-solving were reported. An acute right (1(47) = —5.369,t(56) = —4.976,t(64) = —5.036, respec-
visual field defect was reported that resolved by 6 weeksively, ps < .001), but there was not a linear relationship
postonset. T.D. had a bachelor’s degree in business and rgetween word length and reaction tinte<(.154,p = .067).
ported a varied employment background that included worlgpelling regularity was not tested with controlled lists, and
as a county sheriff. At the time of his stroke he was a partjike S.V., T.D. gave no evidence of regularizing irregularly
time insurance adjuster. spelled words. He read 22 out of 24 nonwords correctly.

PATIENT T.D.

Initial Assessment Pretreatment Reading Summary

T.D. was first seen at our clinic 3 months postonset of strokeT.D.’s reading was similar to that of S.V. in that he was very
At that time, he obtained an overall Aphasia Quotient ofslow, but fairly accurate, although he showed some reduced
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Fig. 7. Reading rates in words per minute on the Gray Oral Reading Test-3 for Patient T.D. before treatment and after
multiple oral rereading (MOR) and phrase-formatted text (PF) treatments, after reading standard formatted text, and at
two follow-up visits.

comprehension as measured by the GORT-3. His oral readiis reading of SRAtextat Grade Levels 3.5and 4.0. The treat-
ing of text included substitution errors for verbs and func-ment program was essentially identical to that described for
tors in particular, and many errors were self-corrected as h8.V., wherein SRAtexts were assigned for repeated oral read-
read. Some of the verb substitutions were semantically reing as homework. Reading rates were monitored for prac-
lated to the target word. Single word reading was remarkticed and new text. Over the course of treatment T.D. achieved
able in that functors clearly required longer reaction timeshe reading rate of 100 wordwin for six SRA passages, and
than other parts of speech. T.D. also showed slower readinigis reading of new SRA texts indicated a slow improvement
reaction times for reading low imageversushigh imagery  in reading rate for new text in a manner similar to S.V.
words. There was a word length effect for seven-letter words After 3 months of MOR treatment, T.D. was adminis-
compared to shorter words. T.D. had the ability to derivetered the GORT-3, Form B. For Levels 1 to 5, he averaged
phonology from graphemes as shown by his ability to read’7 wordgmin (SD= 12), an improvement from 58 words
nonwords. T.D.’s expressive language problems were relamin before treatment (Figure 7). Reading rate improved for
tively mild, with word-finding problems primarily for con- Levels 6 to 8 from 50 to 66 wpn§D= 15). His response to
tent words, as is typical in anomic aphasia. As noted withcomprehension questions was 85% correct.

S.V.,, T.D.’s paralexic errors were not mirrored by parapha-
sias in his spoken utterances. For that reason, it seemed mci§
appropriate to assume that his reading impairment stemmed
largely from weakened access to the orthographic input lexTreatment for the next 3 months was switched to the phrase-
icon, rather than his semantic system or phonological outformatted text. T.D. was highly interested in readinglime

put lexicon. troducing computersext that was used with S.V. He had
studied data processing in college prior to his stroke, and
was anxious to rejoin the work force; therefore he wel-
comed this shift to more substantive reading material. T.D.’s
daily homework was to read for at least 30 min from the
The MOR treatment was initiated with T.D. at 6 months post-phrase-formatted text. During his weekly session T.D. read
onset. He was seen weekly for a 30-min session to monitathe text aloud and each deviation from print was noted. He

ﬁrase-Formatted Text

Reading Treatment—Multiple Oral
Rereading
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continued to make some paralexic errors, but was invarifollow-up Treatment

ably able to read aloud previously misread words when they

were presented to him singly. During this treatment phaseAfter 3 months of reading phrase-formatted text, T.D. had
T.D. reported that he started to read for pleasure. After 3inished the computer text, and was ready to continue read-
months of reading phrase-formatted text, readministrationng college-level material. We took the opportunity to com-
of the GORT-3, Form A, showed T.D.’s mean reading ratepare the effects of reading from a standard formatted text to
was 94 wordgmin (SD= 7) for Levels 1to 5, and 83 words  his previous treatments. T.D. selected an introductory so-
min (SD= 4) for Levels 6 to 8 (Figure 7). Comprehension cial psychology text from the campus bookstore to read as
remained above 80% correct. homework. For 4 months, he continued to read text on a
daily basis for at least 30 min. By that time, T.D. was also
reading other material for pleasure in addition to his home-
work. As shown in Figure 6, T.D. showed continued im-
After the MOR and phrase-formatted treatments, T.D.’sprovement in his oral reading rate for easier text on the
single-word reading was reexamined. At that time he wassORT-3 (Levels 1 to 5), but no improvement for the more
12 months postonset of stroke, and had received 6 monttdifficult text (Levels 6 to 8) after 4 months of reading stan-
of reading treatment. An examination of reading reactiondard formatted text. His reading comprehension scores re-
time by word length showed a faster reading rate for all wordmained high.

lengths, and seven-letter words were no longer slower than T.D. continued to read the social psychology text at home
four-letter words (Figure 8). As shown in Figure 9, reactionuntil he finished the book, and also read for pleasure over
times were improved for all word classes, but functors inthe next 7 months. His reading rate was tested at almost 2
particular were no longer read more slowly than other partyears postonset of stroke, and again at 2 years, 4 months
of speechl = 2501 ms). T.D.’s reading of nonwords was postonset. The measures showed that T.D. maintained his
qualitatively different at this time, he lexicalized 47% of improved oral reading rate around 100 to 120 wgnai

the nonwords, for examplepwas pronounced deep Al- (Figure 7). Because T.D. had been exposed to the GORT
though T.D. was reminded during the task that these weréext on three occasions by this time, his reading rate was
not real words, and stated that he understood that, he comdso tested with completely new material. His reading rate

Single-Word Reading—Posttreatment

tinued to lexicalize about half of the nonwords. for SRA text at 4.5 level was 97.1 wor@sin and for col-
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Fig. 8. Reading reaction times as a function of word length obtained from T.D. before and after treatment for reading.
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Fig. 9. Reading reaction times for nouns, adjectives, verbs, and functors obtained from T.D. before and after treatment
for reading.

lege level text was 73.4 worgimin, thus confirming his over- formatted text. At the single-word level, T.D.’s reading rate
all improvement in reading rate. for functors was significantly faster after treatment, and
seven-letter words no longer had increased reaction times.
In summary, T.D.’s improved reading rate for text appeared
to reflect improved word recognition, particularly for func-
T.D.’s oral language skills were reassessed with the WABors. Improved access to the orthographic input lexicon was
(Kertesz, 1982) after the MOR and PFT treatments at 12urther supported by T.D.’s (posttreatment) tendency to lex-
months postonset. His Aphasia Quotient increased signifiicalize nonwords, suggesting that he could not suppress lex-
cantly from 90.3 to 98.3, with improvements noted partic-ical candidates that were visually similar to nonwords. It is
ularly in confrontation naming and smaller improvementsnoteworthy that T.D.’s reading improvement occurred in con-
in comprehension and repetition. Selected neuropsychologdrast to consistently impaired performance on visual and ver-
ical tests were readministered during the follow-up periodbal span tasks, as well as single-digit written calculation,
(June 1996) to examine performance on nonlinguistic taskghus suggesting a treatment-specific effect.

T.D.’s performance remained impaired on digit span for-

ward (raw score= 7; 28th percentile), visual memory span

forward (raw score= 6; 12th percentile), and written cal- GENERAL DISCUSSION

culation for single-digit multiplication (8L0) and single- The case studies presented here are of interest from two per-
digit division (6/11). spectives: First, they provide support for treatment of ac-
quired alexia using a format that relies primarily on structured
reading tasks undertaken at home; and second, they provide
insight into changes that might underlie the treatment ef-
T.D.’s response to treatment was similar in many ways tdects. It is our clinical experience that there are many indi-
S.V.’s. Although he was treated nearer to the onset of hiziduals like S.V. and T.D. who complain of significant
stroke, he showed stable reading performance over 4 weekssidual reading impairments after their spoken language has
prior to treatment. T.D. showed improved reading rate withrecovered to a functional level. Because the concern about
the MOR reading approach, and, unlike S.V., showed notareading is more likely to surface late in the recovery period,
ble improvement when he shifted to reading the phraseat a time when most patients are no longer receiving clini-

Follow-up Testing

Discussion
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cal services, implementation of treatment protocols for texfirst. However, it was our clinical intuition that rereading a
reading is not common. Our patients received treatment oveselected passage was a critical transition from nonreading
a relatively long period of time, but the actual clinical con- to reading in S.V. and T.D., as it was in a letter-by-letter
tact time was only once per week. S.V. was seen for approxeader treated with MOR (Beeson, 1998). The MOR proce-
imately 70 hr of treatment over 19 months. We suspectediure allowed the clinician to assist the patient in gaining
that 1-hr sessions were not necessary, so T.D. was seen flamiliarity with the passage during the treatment session so
30-min sessions over 1 year, totaling about 22 hr of treatthat homework assignments did not require patients to strug-
ment. Thus, our findings with S.V. and T.D. show that suchgle through new text on their own. Clearly additional treat-
treatments can be effective and efficient, and worthy of conment research is necessary to better understand the relative
sideration for similar patients. impact of text versus single-word treatment, MO&sus
Both S.V. and T.D. improved their reading rates and mainPFT, and treatment order effects.
tained good comprehension in response to a sequence of mul-Treatment that focuses on text rather than single words is
tiple oral rereading treatment followed by treatment withsomewhat contrary to the traditional treatment hierarchy that
phrase-formatted text. After treatment, single word reactiorwould place reading single words as a precursor to reading
times showed greater improvement in the recognition osentences. However, as we consider reading processes in
functors than for other word classes. Additionally, the fad-the context of text reading rather than single word identifi-
ing of the word length effect suggested improved access toation, we appreciate the increased potential for interactive
word forms, so that serial decoding of single words was naontributions. Although reading is dependent upon visual
longer evident. Our treatment design did not allow us to deinput, the top-down semantic and syntactic processes influ-
termine the relative contribution of the MOR and PFT treat-ence information processing and may constrain lexical se-
ments to the single-word reaction times, and we recognizéction in a helpful way. It is likely that individuals with
in retrospect that we should have obtained reaction timeacquired alexia have only partial lexical information on some
between the two treatments. Our failure to do so reflecteaccasions, and their text reading is supported by supple-
the fact that our patients’ responses to treatment were nahental input provided in the form of partial phonological
simply a confirmation of oum priori assumptions; rather information (derivediiathe orthography to phonology con-
they were “leading” us to understand the treatment mechaversion route), semantic information (from contextual mean-
nism. While acknowledging that our treatment sequence feling and semantic knowledge), and syntactic constraints on
short of an ideal single-subject design, we remain im-exical selection. We appreciate the fact that text reading
pressed by the changes observed in S.V. and T.D. must require some criterion level of graphemic, phonolog-
The fact that S.V. and T.D.’s single-word reading profilesical, and semantic—syntactic competence below which re-
and text reading rates both changed suggested that the tre&gbilitation of text reading is unlikely. Our point is that there
ment had a specific rehabilitative effect. That is, treatmenmay be many treatment cases in which a single word ap-
served to strengthen weakened processes or representatiqueach is selected over text reading when the latter may reap
necessary for reading. Change may have been achieved greater benefit.
ther by improving access to the input lexicon, or strengthen- Finally, it is worthy of note that both S.V. and T.D. sig-
ing the connection between the corresponding representationgficantly improved their aphasia quotients over the course
in the orthographic input and phonological output lexicons,of reading treatment. The finding is consistent with that of
or both. The greaterimprovement for functors suggests someéherney et al. (1986) who reported overall language im-
thing more specific than a generalized improvement in wordorovement associated with oral reading in individuals with
recognition. We favor the perspective of Silverberg et al. thaaphasia. Nevertheless, the improvement was surprising given
the syntactic constraints of sentence frames support recoghat both S.V. and T.D. were already approaching the per-
nition of closed class words over open class words. Thusformance ceiling for the WAB prior to treatment. We again
repeated reading of text may have stabilized accessto the ratonsider the potential for interactive processing during oral
atively fragile closed class words. We speculate that the PFTeading to strengthen partial or degraded lexical informa-
also may have specifically assisted the processing of function. If the treatment benefit is not purely at the level of the
tors by providing phrase boundaries that made the syntactiorthographic input lexicon, then it is reasonable to expect
roles of functors more salientor comprehensible. T.D.’s conbenefits for language processing by other modalities as well.
tinued improvement when reading standard format text (af-
ter MOR and PFT treatments) serves to temper our claims tACKNOWLEDGMENTS
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