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Relationship Between Single Word
Reading, Connected Text Reading,
and Reading Comprehension
in Persons With Aphasia

Kimberly G. Smith?

Purpose: This study examined the relationship between single
word reading, connected text reading, and comprehension
in persons with aphasia.

Method: Thirteen persons with aphasia read orally from
the Arizona Battery for Reading and Spelling real-word
and nonword lists and the Gray Oral Reading Tests—Fifth
Edition. The comprehension questions following each
paragraph of the Gray Oral Reading Tests—Fifth Edition
were answered and scored. The Reading Comprehension
Battery for Aphasia—Second Edition provided a measure
of silent reading comprehension. Descriptive statistics
and Spearman correlation were used to examine
associations among reading measures.

and Anna E. Ryan®

Results: Persons with aphasia showed associations between
single word reading and connected text reading accuracy;
however, single word reading ability was not associated with
oral or silent reading comprehension.

Conclusions: Although preliminary, the findings provide
support for word-level reading abilities underlying connected
text reading accuracy but suggest additional cognitive
mechanisms are involved in text-level reading comprehension
that are not explained by single word reading alone. The
findings indicate clinicians should use caution when inferring
comprehension abilities from single word reading performance
as reading comprehension abilities are likely best assessed
using text-level comprehension assessments.

ften, people with aphasia lose or have difficulty

with their ability to read and comprehend written

material. These acquired impairments of reading
following a stroke or other traumatic brain injury are referred
to as alexia or acquired dyslexia. In a prevalence study
of alexia in persons with aphasia by Wilson (2008), over
80% of the 41 participants with aphasia had concomitant
alexia. Alexia may be costly to an individual’s quality of
life, and a person’s participation in various life activities
as essential, functional, and pleasurable reading is a diffi-
cult task (Knollman-Porter et al., 2015). Single word read-
ing in persons with aphasia has been well studied, but there
is limited knowledge of how single word reading abilities re-
late to connected text reading and comprehension. This is
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critical given that everyday reading material is seldom pre-
sented as single words. In contrast, the developmental read-
ing literature has identified a relationship between single
word reading, connected text reading, and reading com-
prehension abilities (Gough & Tunmer, 1986; Jenkins

et al., 2003), which has informed how reading difficulties
are assessed and treated in developmental readers. There-
fore, the current study examined the relationship between
single word reading, connected text reading, and compre-
hension in adults with aphasia, as evidence of a relationship
among these variables may inform how reading difficulties
are assessed and treated, in addition to having theoretical
implications.

Theories of Reading

Following activation of the visual word form system,
the dual route cascaded (DRC; Coltheart et al., 2001) model
poses two separate routes for reading single words orally.
Coltheart et al. (2001) suggested the nonlexical route with
grapheme-to-phoneme conversion explains our ability to
read novel words following regular letter—sound spelling
rules and nonwords (e.g., bos, dar, jow). The nonlexical
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route, however, cannot explain how we read words with ir-
regular spellings (e.g., have, fight, tough). The lexical route
includes stored graphical representations of words (i.e., ortho-
graphic input lexicon), which can activate both the meaning
of the word in the semantic system and the pronunciation, as
represented in the phonological output lexicon. The lexical
route can generate pronunciations for both overlearned,
frequently accessed regular (e.g., cave) and irregular (e.g.,
have) words but fails to generate pronunciations for novel
words and nonwords.

The DRC model has been used both to characterize
single word reading of persons with aphasia and concomi-
tant alexia and to predict reading errors based on proposed
damage to either route. Cherney (2004) provides a summary
of the alexia subtypes based on the DRC model. Damage
to the nonlexical route causes difficulty sounding words out
because grapheme-to-phoneme conversion is no longer
available. These deficits are proposed to cause phonological
alexia. Persons with phonological alexia have difficulty
reading nonwords or low-frequency words; however, since
the orthographic and phonological lexicons as well as the se-
mantic system are still accessible, recognizable high-frequency
words are less affected. In contrast, damage to the lexical
route causes visual errors (e.g., “bank” instead of the target
word “blank”), regularization errors (e.g., “pint” as “/pmt/”),
and difficulty reading words with irregular spellings as in
“yacht.” These deficits are proposed to cause surface alexia.
Persons with surface alexia are able to read regularly spelled
real words and nonwords since the grapheme-to-phoneme
converter of the nonlexical route is spared. Damage to both
the nonlexical and lexical routes causes deep alexia. Deep
alexia is characterized by similar difficulties of phonological
alexia, but semantic errors are also made. Persons with deep
alexia have a reduced vocabulary limited to known, con-
crete words. Lastly, semantic alexia is associated with im-
pairments in semantic processing. Persons with semantic
alexia read without difficulty or hesitation but present with
significant comprehension deficits.

Based on the DRC model, we can predict how both
real words and nonwords may be associated with text-level
reading accuracy and comprehension, depending on factors
such as grade level and familiarity with the reading con-
tent. Since the nonlexical route is responsible for generat-
ing pronunciations of novel words and nonwords via the
grapheme-to-phoneme converter, nonword reading ability
is more likely to be associated with text-level accuracy and
comprehension of novel content and content beyond the
reader’s proficiency. In contrast, the lexical route generates
pronunciations for overlearned, frequently accessed real
words. Thus, real-word reading is more likely to be asso-
ciated with comprehension of familiar content and content
matched to an individual’s reading proficiency. It is likely
that real-word and nonword reading, as often administered
as part of a reading assessment, would be differentially
associated with reading comprehension, depending on the
connected text reading material. This is an important con-
sideration for clinicians selecting stimuli for assessment
and intervention.

Although single word reading is a necessary compo-
nent of connected text reading and comprehension, there
are several other processes involved, such as working mem-
ory and attention allocation. The verbal efficiency theory of
reading (Perfetti, 1985, 1992) includes these cognitive pro-
cesses and provides a framework for connected text reading,
while taking into consideration single word reading ability.
The verbal efficiency theory of reading has been used to ex-
plain the processes involved in reading for developmental
readers but can also be applied to neurotypical adult readers
and persons with aphasia and concomitant alexia. This the-
ory proposes that individual variances in reading come from
a person’s ability to direct adequate attentional resources to
reading and comprehension (Jenkins et al., 2003), which shift
depending on an individual’s reading proficiency (Wolf &
Katzir-Cohen, 2001) or reading task. For example, reading
automatic, overlearned words would require fewer atten-
tional resources than decoding nonwords. Text comprehen-
sion requires working memory skills, and reading nonwords
may rely specifically on phonological working memory skills.
Individuals who have to direct much of their attention re-
sources to decoding will show deficits in their comprehension.
This is because their reading ability is not quick, effortless,
and automatic but rather requires effortful concentration
that would otherwise be used for processing and compre-
hending. The verbal efficiency theory is supported by studies
of developmental readers that found a relationship between
single word reading, connected text reading, and reading
comprehension skills (Fuchs et al., 2001; Jenkins et al.,
2003; Y. Kim et al., 2011; Nathan & Stanovich, 1991).

Jenkins et al. (2003) concluded single word reading
fluency, defined as the number of words orally read in 1 min,
was a more significant contributor to reading comprehension
in less fluent readers. Additionally, their results indicated
that connected text fluency, single word fluency, and text
comprehension were all related (Jenkins et al., 2003). They
concluded word recognition skill is shared across single
word reading, connected text reading, and reading compre-
hension, while also recognizing these three tasks differ in
other dimensions. This interdependent relationship and their
conclusion on the influence of single word reading fluency
for less proficient readers informed the current study’s hy-
potheses about persons with aphasia. It was expected that
single word reading ability would be associated with con-
nected text reading accuracy and comprehension in persons
with aphasia as the presence of concomitant alexia makes
them less proficient readers.

Reading in Persons With Aphasia
and Acquired Alexia

Many studies have investigated single word oral reading
abilities of persons with aphasia (Friedman, 1996; Friedman
& Kohn, 1990; Gardner & Zurif, 1975) and the effective-
ness of reading treatments (Beeson et al., 2005; Cherney,
2010a; 2010b; Cherney et al., 1986; M.Kim & Russo, 2010).
Research examining single word reading has been valu-
able in assessing specific patterns of breakdown related to
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neuropsychological models of reading (Coltheart et al.,
2001; Seidenberg & McClelland, 1989) and has associated
specific word characteristics (e.g., frequency, age of acquisi-
tion, concreteness) with reading speed, efficiency, and vari-
ous errors individuals with aphasia produce during single
word oral reading (e.g., semantic, phonological, visual errors).
Single word reading ability of persons with aphasia has in-
formed the development of interventions that target underly-
ing impairments, such as deficits in phonology. Treatment for
these deficits is often geared toward single word reading, with
the goal of improving oral reading abilities and comprehen-
sion. Decoding and phonological awareness skills have been
examined in particular (Brookshire et al., 2014; Friedman &
Lott, 2002; Kendall et al., 2003). Although improvements in
reading accuracy have been shown at the single word level,
improvement in reading comprehension of persons with
aphasia is inconsistent across studies (Brookshire et al.,
2014; Kendall et al., 2003). Although this inconsistency
may be attributed to varying factors across studies, these
findings suggest we might expect single word reading abili-
ties to be associated with connected text reading accuracy
in the current study, with possibly weaker associations be-
tween single word reading abilities and comprehension.

At the connected text level, persons with phonologi-
cal alexia may also have difficulty with syntactic processing
in addition to the well-documented nonword reading defi-
cits (Friedman, 1996). This finding is particularly relevant
to the current study as syntactic processing deficits impact
text-level reading accuracy and comprehension. Friedman
(1996) identified text-level reading impairments in two indi-
viduals with phonological alexia who demonstrated difficulty
reading functors and omitted inflectional and derivational
markers. Friedman suggested these findings indicate a gen-
eral phonological processing deficit related to difficulty
holding phonological information in verbal short-term
memory. These findings informed the hypothesis for the
current study, in which it was expected that accuracy of
nonword reading and connected text reading would be as-
sociated. Thus, these findings would demonstrate phono-
logical abilities and phonological short-term memory have
a role in text comprehension.

In summary, despite the wealth of knowledge learned
from studies of developmental reading, single word reading
in persons with aphasia, and reading treatment approaches
for persons with aphasia, it remains unclear how single
word reading relates to text reading accuracy and compre-
hension in persons with aphasia. This is critical because
comprehension is the ultimate goal of reading. Associations
between single word reading, connected text reading accuracy,
and comprehension may also have theoretical and clinical
implications. Theoretically, associations among these read-
ing measures would suggest that the mechanisms for single
word reading, outlined by the DRC model, should explain
text-level reading accuracy to some extent. Furthermore,
associations among these reading tasks would provide addi-
tional support for the verbal efficiency theory of reading
(Perfetti, 1985, 1992). Clinically, it is necessary to bridge
the gap between single word reading abilities in persons

with aphasia and the functional task of text reading com-
prehension. If single word reading is associated with con-
nected text reading and comprehension, clinicians may use
single word reading tasks to infer text-reading skills. Addi-
tionally, clinicians may consider treatment directed toward
single word reading, which could potentially generalize to
text reading accuracy and comprehension. Based thereon,
we sought to answer the following research questions:

1. What is the relationship between the accuracy of real-
word and nonword oral reading and the accuracy of
orally read paragraphs for persons with aphasia?

2. What is the relationship between the accuracy of real-
word and nonword oral reading and oral paragraph
reading comprehension for persons with aphasia?

3. What is the relationship between the accuracy of
real-word and nonword oral reading and silent read-
ing comprehension for persons with aphasia?

Method
Participants

Thirteen individuals with mild to moderately severe
aphasia (M = 59.08 years of age, eight women) were recruited
for the study. Data from eight participants have been reported
in a previous study (Smith & Clark, 2019). In the study of
Smith and Clark (2019), a detailed error analysis of oral
paragraph reading was conducted, and associations among
connected text reading, error frequency, and reading com-
prehension scores were examined. Participants were com-
pensated for their participation and gave signed informed
consent for study inclusion. Approval for this study was ob-
tained from the institutional review board at the University
of South Alabama.

The inclusion criteria included a diagnosis of aphasia
as determined by the Western Aphasia Battery—Revised
(Kertesz, 2007) cutoff score of 93.8, at least 6 months post-
onset, native speaker of English, and between 30 and 80 years
of age. Participants were also required to have visual acuity
within normal limits as determined by the McDowell Vision
Screen Test (McDowell & McDowell, 1998) and the ability to
provide written or verbal informed consent for participation.
The exclusion criteria included clinically reported history of
dementia or other neurological conditions (e.g., Parkinson’s
disease, traumatic brain injury, psychiatric disorder), habit-
ual misuse of alcohol, history of communication disorder or
reading disability prior to stroke, and visual acuity deficits un-
able to be corrected. Unless otherwise specified, inclusionary
and exclusionary criteria were screened by a research ques-
tionnaire, self-report, standardized assessments (i.e., Western
Aphasia Battery—Revised), cognitive screenings, and vision
screenings. Demographic information for each participant
is shown in Table 1. Alexia subtype was determined by the
first author and a second trained research assistant based
on the accuracy of words read on the real-word and nonword
lists of the Arizona Battery for Reading and Spelling (ABRS;
Beeson & Rising, 2010). Nine of the 13 participants were
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Table 1. Demographic information.

Participant Age Gender Ed level (yrs) WAIS-IV MR?® Months postonset WAB-R AQ° ASRS°® Aphasia subtype

Alexia subtype

P1 54 F 12 14 120 60.4 1 Broca’s Surface

P2 71 M 16 12 11 63.8 14 Broca’s Phonological
P3 56 F 20 14 126 86.3 0  Anomic Phonological
P4 69 M 17 5 17 79.8 13 Broca’s Deep

P5 53 F 12 15 20 65.7 18 Broca’s Deep

P6 68 M 15 19 6 83.3 0 Conduction Surface

P7 35 M 16 21 36 92.5 1 Anomic Phonological
P8 55 F 12 10 6 91.1 0 Anomic Phonological
P9 58 M 16 10 10 70.1 22 Broca’s Deep

P10 70 F 12 6 45 92.8 3 TCM Phonological
P11 76 F 12 13 23 86.7 4 TCM Phonological
P12 37 F 16 13 36 92.6 0 TCM Phonological
P13 66 F 14 17 96 92.8 2 Anomic Surface
Note. Ed = education; yrs = years; F = female; M = male; TCM = transcortical motor.

3WAIS-IV MR = Wechsler Adult Intelligence Scale—Fourth Edition Matrix Reasoning subtest (max score: 26; Wechsler, 2008). "WAB-R =
Western Aphasia Battery—Revised (max score: 100). “ASRS = Apraxia of Speech Rating Scale (sum of ratings for the six items in Section 1:
apraxia of speech distinguishing features—0 indicates features of apraxia are not present; a max score of 24 indicates features of apraxia are

nearly always evident and marked in severity).

typed the same among the two raters. A consensus was
reached for the discrepancies after discussion.

Procedure

Participants completed an assessment battery that took
approximately 5 hr depending on aphasia severity. Breaks
during testing were provided as needed with the option to
complete the assessment battery during another session;
however, individual assessments were completed entirely
during one session. Table 2 provides a summary of the assess-
ments in the assessment battery. Participants were tested in
the Adult Speech and Language Lab at the University of South
Alabama unless the participant requested the investigator
administer the assessment battery at their place of residence.

Accuracy Coding and Data Preparation

Oral reading of the Gray Oral Reading Tests—Fifth
Edition (GORT-5; Wiederholt & Bryant, 2012) paragraphs

Table 2. Assessment battery.

and the ABRS word lists were video-recorded for later tran-
scription and analysis. For the purpose of this study, accu-
racy was defined as a person’s ability to correctly pronounce
words during reading (Wiederholt & Bryant, 2012). Each
word from the GORT-5 paragraphs and ABRS were scored
as correct or incorrect to gather an overall accuracy score in
oral reading of connected text and real words and nonwords.
Only words produced accurately were scored as correct. Any
production that was not the target was considered a devia-
tion. Errors associated with aphasia such as paraphasias;
visual and semantic errors; morphological, phonological,
articulatory errors; and whole-word additions and omis-
sions were scored as incorrect. Errors commonly seen in
neurotypical adult readers such as self-corrections, revisions,
and repetitions were also scored as incorrect.

Few instances of inaccurate productions were not
scored as deviations, such as dialectal variations (e.g., idear
for idea). Special consideration was given for filler words
and when the person was sounding out a word. Fillers were

Assessment

Purpose

Administration information

Apraxia of Speech Rating Scale (Strand
et al., 2014)

Arizona Battery for Reading and Spelling
(Beeson & Rising, 2010)

Gray Oral Reading Tests—Fifth Edition
(Wiederholt & Bryant, 2012)

McDowell Vision Screen Test (McDowell
& McDowell, 1998)

Reading Comprehension Battery for
Aphasia—Second Edition (LaPointe
& Horner, 1998)

Western Aphasia Battery—Revised
(Kertesz, 2007)

ability

severity of aphasia

Assess oral connected text reading
ability and comprehension

Assess silent reading comprehension

Assess the presence and

Assess the presence and severity
of apraxia of speech
Assess single word reading ability

80 real words—40 in List 1 and 40 in List 2;
20 nonwords

Paragraphs 1-8 were administered in increasing
difficulty; number of words in each paragraph
are as follows: 17, 41, 52, 81, 105, 100, 106, 129

Assess visual acuity and processing

Core Subtests 1-10 were administered
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not counted as a deviation if the participant read a word,
produced a filler, and then continued on accurately (e.g.,
that uh of small for that of small). If the person attempted
to sound out a word and arrived at the correct word, it was
not counted as a deviation (e.g., /kal-catastrophe). Lastly,
skipping a line and having to be redirected was not counted
as a deviation. These deviations occurred very infrequently,
in less than 1% of the reading sample. For example, out of
631 total words, only one deviation was not scored as incor-
rect for P1 (e.g., “sss-strike™), and five deviations were not
scored as incorrect for P3 (e.g., “mmm-major” or “‘merican”
for “American”).

Reliability

Interrater reliability was calculated for transcription
and accuracy coding for two participants with aphasia. Re-
liability was performed by a trained research assistant. An
85% agreement criterion was set for acceptable reliability
prior to initiation of this study. An average agreement of
92% was reached for the transcripts, and 98.8% was reached
for accuracy coding. A consensus was reached between the
two raters for acceptable answers to open-ended comprehen-
sion questions of the GORT-5 paragraphs. Since the agree-
ment criterion was met for transcription and accuracy coding
between the two raters, scores from the first rater were used
for statistical analysis.

Statistical Analysis

Statistical analysis was conducted for Paragraphs 1
through 8 (out of 16) of the GORT-5 as this was the high-
est number of paragraphs all participants completed due to
testing fatigue. The sum was calculated of the first eight
paragraphs for accuracy and comprehension. The derived
summed values were utilized for data analysis. Total correct
scores were used for the real-word and nonword ABRS lists
and the Reading Comprehension Battery for Aphasia—
Second Edition (RCBA-2). Then, the total scores for each
variable and participant were converted to percentage for
comparison across measures. The study sample was small,
and the assumptions of parametric tests were violated due
to nonnormal distributions; therefore, nonparametric tests
were used. A Spearman correlation was used to examine
associations among variables. Due to the preliminary na-
ture of the study and sample size, Spearman correlations
were not corrected for multiple comparisons. Additionally,
due to theoretical and clinical interest, post hoc Mann—
Whitney U tests were used to examine differences between
the alexia subtypes represented in the current study sam-
ple. Scatter plots were used to examine the associations
among the reading tasks.

Results

Table 3 shows the total scores for each variable and
participant for each reading measure, as well as the means
and standard deviations for the entire group of persons with

aphasia. Table 4 summarizes the results of the Spearman
correlation. For Research Question 1, a significant positive
linear relationship was found between both real-word and
nonword reading and GORT-5 text reading accuracy. For
Research Question 2, neither real-word or nonword reading
accuracy was significantly associated with GORT-5 text
reading comprehension. Lastly, for Research Question 3,
no significant associations emerged for real-word or non-
word reading accuracy and silent text reading comprehen-
sion (i.e., RCBA-2).

Since P2, P4, P5, and P9 had significant apraxia of
speech as measured by the Apraxia of Speech Rating Scale
(Strand et al., 2014) and articulation errors associated with
apraxia of speech may have impacted the single word and
connected text reading accuracy scores for these partici-
pants, Spearman correlations were also conducted excluding
these participants. For Research Question 1, associations
between real-word and connected text reading accuracy
(ry=.33, p =.39), and nonword and connected text reading
accuracy (ry = .33, p = .39) were no longer significant. For Re-
search Question 2, the results remained the same. Neither
real-word (r; = —.02, p = .96) or nonword (r; = .03, p = .93)
reading were significantly associated with oral connected text
reading comprehension. Lastly, for Research Question 3,
there was no change in the results. Nonsignificant relation-
ships remained between real-word reading and silent con-
nected text reading comprehension (r, = .50, p = .18) and
nonword reading and silent connected text reading compre-
hension (r, = .38, p = .31) abilities.

Post Hoc Alexia Subtype Analyses

Although not initially planned due to the small sam-
ple size and the preliminary nature of the current study, it
was of theoretical and clinical interest to examine how per-
formance varied based on alexia subtype. Figure 1 shows
the mean performance of the participants in each alexia sub-
type for all reading measures. Based on Figure 1, statistical
comparisons were made. Persons with deep alexia had signif-
icantly poorer GORT-5 text reading accuracy (U = 9.00, p =
.03) and real-word reading accuracy (U = 0.00, p = .02) com-
pared to persons with phonological alexia and significantly
poorer nonword reading accuracy (U = 0.00, p = .046) com-
pared to persons with surface alexia. No other comparisons
reached the level of statistical significance (all p; > .05).

Figure 2 shows the scatter plots for real-word and non-
word reading plotted against GORT-5 accuracy and compre-
hension scores and RCBA-2 scores for each alexia subtype. A
positive association between real-word reading and GORT-5
text reading for persons with deep alexia emerged, whereas
no clear pattern emerged for persons with phonological or
surface alexia (see Figure 2a), or for nonword reading and
GORT-5 text reading accuracy for any of the alexia sub-
types (see Figure 2b). A similar pattern emerged for GORT-5
text comprehension. A positive association between real-word
reading and GORT-5 text comprehension for persons with
deep alexia was evident, whereas no clear pattern emerged
for persons with phonological or surface alexia (see Figure 2c),
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Table 3. Individual participant scores on assessments.

ABRS GORT-5
Real word Nonword Accuracy Comprehension RCBA-2

Participants N =40 N =40 N = 631 N =40 N =100
Deep

P4 61 0 50 47.50 88

P5 3 0 15 15 96

P9 23 25 23 60 89
Phonological

P2 76 5 41 45 72

P3 100 40 91 45 75

P7 96 20 86 70 97

P8 95 60 92 62.50 92

P10 99 80 91 10 96

P11 96 5 61 40 82

P12 100 90 89 65 100
Surface

P1 86 75 89 15 79

P6 70 50 82 65 74

P13 98 100 86 67.50 95
M (SD) 82.77 (27.11) 46.15 (36.75) 68.92 (27.82) 46.73 (21.37) 87.31 (9.79)
Note. All scores are in percent correct. ABRS = Arizona Battery for Reading and Spelling; GORT-5 = Gray Oral

Reading Tests—Fifth Edition; RCBA-2 = Reading Comprehension Battery for Aphasia—Second Edition.

or for nonword reading and GORT-5 text reading compre-
hension for any of the alexia subtypes (see Figure 2d). A
different pattern emerged for silent reading comprehension
(i.e., RCBA-2). Persons with phonological and surface alexia
showed a positive association, though weak, for real-word
and nonword reading and RCBA-2 scores, whereas no as-
sociation was evident for persons with deep alexia for real-
word or nonword reading (see Figures 2e and 2f).

Discussion

Acquired reading difficulty, or alexia, is common in
people with aphasia. When present with aphasia, chronic
alexia may impact a person’s participation in various life
activities such as reading for pleasure or completing work-
related reading tasks (Knollman-Porter et al., 2015). Single
word reading in persons with aphasia has been studied ex-
tensively, but there is limited knowledge of how single word
reading abilities relate to connected text reading and com-
prehension. This is critical since an everyday reading material

Table 4. Spearman correlation results.

is rarely presented as single words. The results of this prelimi-
nary study showed that the accuracy of real-word and non-
word reading was associated with connected text reading
accuracy, although this effect was reduced when removing
persons with severe apraxia of speech. Additionally, real-
word and nonword reading accuracy was not associated
with oral or silent reading comprehension. Nonetheless, the
findings provide relevant theoretical and clinical insights,
despite the apparent effect of apraxia of speech errors on
oral reading and the otherwise weak associations among
reading measures.

First, these findings serve as a reminder that speech
processes are essential for oral reading and speech errors
made during word reading will likely predict the speech er-
rors of text-level reading. Motor speech deficits may impact
oral reading ability beyond that of linguistic deficits of per-
sons with aphasia. This should be considered during assess-
ment and treatment of reading in persons with aphasia who
often have concomitant motor speech impairments. For
persons whose life activities involve oral reading, such as

Reading measure GORT-5 Comprehension ABRS Real Word ABRS Nonword RCBA-2
GORT-5 Accuracy .07 .80 .70* .16
GORT-5 Comprehension 14 .25 24
ABRS Real Word .63 27
ABRS Nonword .27

Note.

GORT-5 = Gray Oral Reading Tests—Fifth Edition; ABRS = Arizona Battery for Reading and Spelling; RCBA-2 =
Reading Comprehension Battery for Aphasia—Second Edition.

*Indicates significance at the .05 level (two-tailed) uncorrected for multiple comparisons.
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Figure 1. Mean performance of the participants in each alexia
subtype for all reading measures. Error bars represent the standard
error of the mean. GORT-5 = Gray Oral Reading Tests—Fifth Edition;
RCBA-2 = Reading Comprehension Battery for Aphasia—Second
Edition.
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reading aloud to one’s grandchildren or scripture in a bible
study, the speech mechanism may be as important to ad-
dress as the linguistic aspects of reading.

Second, the results imply single word reading alone
may not be a good indication of reading comprehension,
either oral or silent. Developmental literature generally sug-
gests single word reading, particularly real-word fluency
(i.e., measure of accuracy and rate), is predictive of read-
ing comprehension. However, Klauda and Guthrie (2008)
suggest comprehension may also depend on processes re-
lated to the paragraph, the passage as a whole, or the mac-
rostructure of the text (Kintsch & Kintsch, 2005), especially
as the reader develops. In our case, we examined the read-
ing of persons who had well-developed, normal-reading
abilities prior to their stroke. It is likely that, although word
recognition abilities observed in real-word reading or decod-
ing skills observed in nonword reading have a role in oral
paragraph reading and comprehension, additional higher
level processes, such as syntax or story grammar, may con-
tribute more significantly. These processes are not currently
accounted for in the DRC model. This finding, however, is
consistent with intervention studies that have not shown
generalization to reading comprehension following treatment

Figure 2. Scatter plots for real-word and nonword reading (x-axis) plotted against GORT-5 accuracy (a, b), GORT-5 comprehension scores
(c, d), and RCBA-2 scores (e, f) for persons with deep alexia (white circle), phonological alexia (light gray square), and surface alexia (dark gray
triangle); all scores are in percent correct. GORT-5 = Gray Oral Reading Tests—Fifth; RCBA-2 = Reading Comprehension Battery for Aphasia—

Second Edition.
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at the word-level for persons with aphasia (Brookshire et al.,
2014).

Additionally, as the verbal efficiency model indicates,
cognitive processes such as attention and working memory
are required for reading comprehension to occur. These
processes come into play once visual word recognition or
decoding takes place. Persons with aphasia are known to
have deficits in these cognitive processes (Murray, 2012),
which may contribute to their reading comprehension defi-
cits. Thus, it is possible single word reading has a role in
reading comprehension but is shared with an array of other
cognitive processes.

Lastly, while heterogeneity of the study sample is of-
ten favorable when examining associations among variables
(Goodwin & Leech, 2006), the heterogeneity of the current
study participant sample led to no consistent pattern for
word reading and reading comprehension. In retrospect,
this finding is not surprising as participant samples of per-
sons with aphasia are often heterogeneous because of their
varying lesion profiles and associated linguistic symptoms.
In the current study, some participants performed well on
word reading but poorly on GORT-5 comprehension (e.g.,
P10), whereas other participants scored poorly on word-
reading but with higher accuracy on oral reading compre-
hension measured by the GORT-5 (e.g., P9) and silent
reading comprehension measured by the RCBA-2 (e.g., P5).
Though associations among these measures may emerge
with a larger participant sample, the results of the current
study reflect the variability in word and text-level reading
comprehension ability of persons with aphasia. Future re-
search should examine these associations with a larger par-
ticipant sample to confirm this finding. Additionally, ceiling
performance was also observed for some participants and
reading measures. For example, for real-word reading and
silent reading comprehension, this occurred for five partici-
pants who scored above 90% accuracy for both reading mea-
sures (e.g., P7, P§, P10, P12, and P13). In a small sample of
13 participants, this likely contributed to the null findings.
Ceiling performance results in limited variance and there-
fore weak correlation coefficients.

Alexia Subtypes

Although it was not decided a priori to examine as-
sociations among reading measures for the alexia subtypes,
it was of theoretical and clinical interest to do so. Caution
should be used when interpreting the findings as alexia sub-
types were identified based on the accuracy of the ABRS
real-word and nonword reading lists, which included articu-
lation errors associated with apraxia of speech. Nonetheless,
persons with deep alexia showed the strongest associations
between real-word reading and GORT-5 text reading accu-
racy and real-word and nonword reading and oral reading
comprehension measured by the GORT-5. These results
support the verbal efficiency theory of reading, such that
persons with deep alexia require effortful concentration and
cognitive resources for orally reading at the word level. These
resources are then unable to be allocated for processing

and comprehension of orally read written material at the
text level. Limited associations among reading measures for
persons with phonological and surface alexia can likely be
attributed to variability of reading abilities even within sub-
types. These preliminary findings suggest a need for further
study of associations among reading measures particularly
with a larger sample that can draw better conclusions about
specific alexia subtypes.

Clinical Implications

Results from this study have clinical relevance. The
findings suggest clinicians may use single word reading tasks
to infer connected text reading accuracy; however, caution
should be used when inferring comprehension abilities from
single word reading performance. As with other linguistic
functions, persons with aphasia are heterogeneous in their
word- and text-level reading abilities. Reading comprehen-
sion abilities are likely best assessed using text-level, com-
prehension assessments. Treatment focused at the single
word level will likely improve single word and text-level
reading accuracy as shown in previous research (Conway
et al., 1998; Kendall et al., 2003), but gains in comprehen-
sion may remain limited unless comprehension is specifi-
cally a treatment target.

Study Limitations

Some limitations of the current study have been dis-
cussed in previous sections and include the heterogeneity
and ceiling performance of the participant sample. There
are a few additional limitations of this study. First, a larger
sample size would provide valuable information on the per-
formance of reading, based on individual characteristics of
aphasia and concomitant alexia, and allow for a more de-
tailed examination of reading performance among aphasia
and alexia subtypes. Second, the RCBA-2 and GORT-5
have limitations that may have contributed to the weak
associations between word-level reading and reading com-
prehension. The RCBA-2 is an assessment composed of
subtests that measure comprehension from the single word
to paragraph level, and the total score reflects performance
on each of these subtests. An assessment that isolates text-
level silent reading comprehension could possibly be more
associated with oral single word reading than the RCBA-2
total score.

A limitation of using the GORT-5 for the oral para-
graph reading stimuli was only the first eight paragraphs
were utilized because some participants experienced testing
fatigue. This fatigue can likely be attributed to overall apha-
sia severity of the participants. The GORT-5 paragraphs
are formulated with increasing difficulty; thus, the last eight,
more complex passages were not analyzed in this study. Ad-
ditionally, there was a lack of standardization because the
GORT-5 is normed on a sample of students between 6 and
23 years of age and is meant to provide scores for accuracy,
rate, and comprehension of those within that age range.
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Lastly, to better compare this study’s findings to the
developmental reading research (Fuchs et al., 2001; Jenkins
et al., 2003), a time-based fluency measure derived from
both accuracy and rate of reading at the single word and
text-level should be included in the assessment protocol.
This may help reduce the ceiling effects observed particu-
larly for real-word reading. It is also possible word reading
would be more associated with text-level reading if fluency
was the measure used in the current study rather than accu-
racy alone. This is a direction of future research.

Conclusions

The aim of this preliminary study was to evaluate the
relationship between single word reading, connected text
reading, and reading comprehension in persons with aphasia.
Persons with aphasia showed associations between single
word reading and oral paragraph reading accuracy; how-
ever, single word reading ability was not associated with
oral or silent reading comprehension. The findings of this
study provide support for word-level reading abilities underly-
ing oral paragraph reading accuracy but suggest additional
cognitive mechanisms are involved in text-level reading com-
prehension that are not captured in single word reading alone.
Thus, clinicians may consider assessing single word reading
both to provide insight into underlying linguistic processing
deficits and text-level reading accuracy and to provide in-
tervention focused at the single word level and decoding
skills. However, improvements in reading accuracy should
be expected with limited improvements in comprehension.
Although it is important that these results and suggestions
are interpreted with caution, given the preliminary nature
of this study, these results still hold relevant implications
for clinical practice.
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