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A Scoping Review of the
Relationship Between
Nonlinguistic Cognitive Factors
and Aphasia Treatment Response

Victoria A. Diedrichs, Courtney C. Jewell,
and Stacy M. Harnish

Purpose: The purpose of this article was to explore the extent to which nonlinguistic cog-
nitive factors demonstrate a relationship with aphasia treatment outcomes. To that end, we
conducted a scoping review to broadly characterize the state of the literature related to this topic.
Methods: Reporting guidelines from the PRISMA extension for scoping reviews were used to
conduct our study, which queried two common databases used in the health science literature,
PubMed and Web of Science. Search terms and eligibility criteria are provided. Results are orga-
nized by the four nonlinguistic domains of cognition explored across the included studies (i.e.,
attention, memory, executive functioning, and visuospatial skills). Results: Of 949 unique articles
identified from our database searches, 17 articles with 18 distinct studies were included in the final
scoping review. Notably, most studies included in the scoping review targeted impairment-based
aphasia treatments. Most studies also examined multiple domains of nonlinguistic cognition. A
relationship between cognition and poststroke aphasia therapy outcomes was identified in nine
of 15 studies addressing executive functioning, four of nine studies examining memory, four of
eight studies examining visuospatial skills, and two of five studies exploring attention. Discus-
sion: The results among included studies were mixed, with few discernible patterns within each
of the four cognitive domains, though it appears that the influence of nonlinguistic cognition
may depend on the timing (i.e., immediate vs. delayed post-treatment) and type (i.e., trained vs.
untrained, generalized) of aphasia therapy outcomes. Future study designs should address main-
tenance, by including outcome measures at follow-up, and generalization, by including measures
of performance on either untrained stimuli or trained stimuli in untrained contexts. Future work
should also strive for larger sample sizes, perhaps through collaborations, or prioritize replicabil-
ity to produce more reliable conclusions. Key words: aphasia, attention, cognition, executive
function, memory, rehabilitation, treatment, visuospatial
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IN GENERAL, stroke rehabilitation fields
tend to recognize the importance of

identifying patient-specific factors that may
account for variability in recovery of lost
function with or without treatment. Inves-
tigating these patient-specific factors that
predict outcomes is especially promising, as
rehabilitation fields move toward more per-
sonalized medicine. In terms of clinical apha-
sia rehabilitation, the historical pendulum
swings between valuing very personalized
treatment approaches that mix and match
therapeutic tasks according to the needs of
the patient and prioritizing “canned” thera-
pies with perhaps a stronger evidence base.
The merit of therapies that have very pre-
scribed targets and ingredients (Van Stan
et al., 2019) is clear if the empirical ev-
idence shows that the therapy works for
the target demographic. However, factors
other than language skills, such as nonlin-
guistic cognitive abilities, may be overlooked
when defining the target demographic for a
particular therapy, as they have often been
overlooked in the aphasia population more
generally (El Hachioui et al., 2014). The un-
intended effect is that efficacy studies may
group persons with strong and weak non-
linguistic cognitive abilities together in the
same treatment, thus washing out differential
treatment effects as a function of cognition.
Moreover, studies for treatment of poststroke
aphasia often exclude comorbidities, includ-
ing nonlinguistic cognitive deficits; however,
these cognitive abilities or deficits may
impact response to therapy. Not only does
this obscure the person-specific factors that
might be key in predicting treatment re-
sponse, but it limits the specificity with
which the field can identify appropriate
treatments for any given individual; that is,
identifying for whom particular treatments
may be most beneficial, instead of simply ask-
ing whether a treatment works. With better
understanding of how cognitive factors may
relate to therapy gains, the field will move to-
ward gaining a clearer perspective on how to
tailor collections of treatment ingredients for
a given patient profile, as opposed to the use

of one-size-fits-all treatments. Arguably, this
evolution of the field of clinical aphasiology
is inevitable. We have developed efficacious
therapies, but we still leave some people be-
hind as “nonresponders.”

In addition to the clinical significance of in-
vestigating nonlinguistic cognitive factors and
response to aphasia treatments, there may
be theoretical significance in psycholinguistic
and neurocognitive models that aim to parse
steps in complex cognitive and linguistic
tasks, as well as determine how brain net-
works are organized to complete these tasks.
Just as lesion studies have been useful in iden-
tifying brain–behavior relationships, studies
exploring the relationship between nonlin-
guistic cognition and language in individuals
with aphasia have the potential to inform
our understanding of cognitive–linguistic pro-
cessing. For example, specific nonlinguistic
cognitive factors (e.g., nonverbal working
memory) that are predictive of response to
language therapy may provide support for
the evolution of working memory theories to
focus more on central processing of verbal
and nonverbal information via central exec-
utive mechanisms (Cowan, 1988) as opposed
to separate verbal and nonverbal mechanisms
(Baddeley & Hitch, 1974).

The presence of nonlinguistic cognitive
deficits in the domains of executive function,
memory, and attention has also been well
established as potentially co-occurring symp-
toms of aphasia (De Renzi & Nichelli, 1975;
Purdy, 2002; Robin & Rizzo, 1989; Villard
& Kiran, 2017). Executive functions, such
as initiation, planning, self-monitoring, and
cognitive flexibility, have been reported as
impaired in persons with aphasia (Murray,
2017). Additional studies have further re-
ported that executive control is independent
of an individual’s language disorder, lead-
ing to conclusions that executive functioning
itself may lead to varied treatment out-
comes (Brownsett et al., 2014; Simic et al.,
2020).

Likewise, memory impairments have been
routinely assessed in individuals with aphasia,
with the most common domains of memory
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examined being short-term memory (STM)
and working memory (WM; Potagas et al.,
2011). A common method to examine non-
linguistic memory in individuals with aphasia
is through spatial span assessments, such as
the Corsi Block-Tapping Task (also known
as Corsi block span; Kessels et al., 2000).
De Renzi and Nichelli (1975) administered
the Corsi Block-Tapping Task to 70 indi-
viduals with left hemisphere brain damage.
Results indicated that participants with a di-
agnosis of aphasia performed worse at the
spatial memory task in comparison to partici-
pants without aphasia. More recently, Potagas
et al. (2011) reported low performance in
the Corsi Block-Tapping Task in persons with
aphasia, indicating impairments in both non-
linguistic STM and WM.

Regarding attention, previous research has
documented that individuals with aphasia
may have concomitant deficits in the areas
of orienting to tasks and sustaining attention
(Murray, 1999). Further studies have reported
deficits in controlled, automatic, divided, and
allocated attention (Erickson et al., 1996;
Hunting-Pompon et al., 2011; Peach et al.,
1993). Of note, although visuospatial abilities
may be examined less frequently in individ-
uals with aphasia, they can play a role in a
variety of other nonlinguistic cognitive skills,
such as executive functioning and mem-
ory. For example, design fluency, as utilized
by Murray (2012), is an executive function
task that incorporates visuospatial function-
ing. Further, the Corsi Block-Tapping Task
and spatial span are also thought to assess
visuospatial learning while assessing mem-
ory (Potagas et al., 2011). Taken together,
the nonlinguistic cognitive deficits reported
among individuals with aphasia may have a
substantial impact on treatment adherence,
response, and overall outcomes, warranting
further investigation.

The purpose of this article is to explore the
extent to which nonlinguistic cognitive fac-
tors demonstrate a relationship with aphasia
treatment outcomes. To that end, we con-
ducted a scoping review to broadly charac-

terize the state of the literature related to this
topic. Although the topic is relatively niche,
our goal is that more treatment studies will
take nonlinguistic cognitive factors into ac-
count in the future to better understand their
impact on language outcomes for individuals
with aphasia. To organize our scoping review,
we have employed four nonverbal cognitive
domains outlined by Helm-Estabrooks (2002)
that are all recruited during the process of
aphasia rehabilitation: attention, executive
functions, memory, and visuospatial skills.
We specifically chose the framework used
by Helm-Estabrooks (2002) due to its ba-
sis in the aphasia treatment literature as
well as its simplicity and broad applicability
to studies exploring the impact of nonlin-
guistic cognition on linguistic outcomes for
individuals with aphasia. Functionally, these
four domains are not necessarily mutually
exclusive, potentially interacting to varying
degrees. Many daily tasks, as well as assess-
ments of cognition, engage multiple domains
simultaneously. However, given the different
ways that specific cognitive abilities may im-
pact response to aphasia therapy, it is useful
to employ these four domains as a frame-
work for exploring the potential differences
in their impact. (See Figure 1 for a nonex-
haustive list of functions encompassed by
each of the four nonlinguistic cognitive do-
mains, some of which appear in multiple
domains.)

METHODS

The present study used reporting guide-
lines from the PRISMA extension for scoping
reviews (PRISMA-ScR; Tricco et al., 2018) as
well as recommendations from Arksey and
O’Malley (2005). A librarian at the authors’
institution was consulted to assist in develop-
ing the search strategy. PubMed and Web of
Science databases were searched for research
articles addressing the influence of nonlin-
guistic cognitive skills on language outcomes
following aphasia therapy. Our systematic
search strategy was carried out in December
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Figure 1. Nonlinguistic cognitive domains. Note. This graphic depicting the four nonlinguistic cognitive
domains described by Helm-Estabrooks (2002) demonstrates the interaction between and frequent over-
lap among cognitive skills. This figure is available in color online (www.topicsinlanguagedisorders.com).

2021 by the first and second authors. Search
terms for PubMed and Web of Science are
shown in Table 1.

Studies were included in the scoping
review if they met the following criteria, es-
tablished a priori: (1) a sample of participants
with poststroke aphasia was included, (2)
participants received a language treatment
for aphasia, (3) participants were assessed
in the language domain treated pre- and

post-treatment, (4) participants’ nonlinguis-
tic cognitive skills (e.g., attention, executive
functioning, memory, and visuospatial skills)
were assessed, (5) an analysis of the relation-
ship between nonlinguistic cognitive factors
and treatment outcome(s) was included, (6)
the article was written in English (due to
the feasibility constraints related to time and
translation costs to include articles written
in other languages), and (7) the article was

Table 1. Search strategy for PubMed and Web of Science databases

Database Terms Refined by

PubMed (aphasia) AND (stroke) AND (therapy
OR treatment) AND ((cogniti*) OR
(attention*) OR (executive
function*) OR (memory) OR
(visual spatial OR visuospatial))

Year: 1991–2021
Language: English

Web of Science (aphasia) AND (stroke) AND (therapy
OR treatment) AND ((cogniti*) OR
(attention*) OR (executive
function*) OR (memory) OR
(visual spatial OR visuospatial))
NOT (pediatric OR child* OR
dementia OR (primary
progressive))

Year: 1991–2021
Language: English
Document type: article,

review article, and
clinical trial

Note. The Web of Science search included additional search terms and categories to refine the search due to a much
larger number of results than the PubMed search.
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published in a peer-reviewed journal in or
after 1991. This year was chosen to narrow
our search and emphasize the most recent
scientific findings.

Studies were excluded if they met any
of the following criteria: (1) results for par-
ticipants with poststroke aphasia could not
be differentiated from results for participants
with other etiologies (e.g., primary progres-
sive aphasia and traumatic brain injury), if
included, and (2) the article was a review,
comment, or book chapter that did not
present new data (although these were used
to identify additional studies that may not
have been included in our search results).

Search results from the research databases
were exported to Mendeley and duplicates
were removed. Titles and abstracts were first
screened by the first and second authors
for inclusion and exclusion criteria. Approx-
imately 20% (n = 190) of abstracts were
assessed for reliability between the two au-
thors screening. Agreement between the two
authors was 91.5%. The full text of articles
with titles and abstracts that met inclusion
and did not meet exclusion criteria were fur-
ther reviewed by all three authors (n = 135).
Prior to full-text reviews, full agreement on a
single training article across the three authors
was set as criterion. Therefore, the three au-
thors trained by independently reviewing a
single article and meeting to discuss deci-
sions regarding eligibility. There was 100%
agreement between the three authors on the
training article and additional factors influenc-
ing eligibility were discussed (i.e., factors that
did not appear in the training article but may
appear in other articles to be reviewed). After
final inclusion and exclusion decisions were
made on the full-text articles reviewed, the
following details from the included studies
were aggregated in a spreadsheet: (1) author
names, (2) year of publication, (3) title, (4)
time post-stroke of the participant sample
(i.e., acute, subacute, or chronic), (5) apha-
sia type of the participant sample (e.g., fluent
and nonfluent), (6) age of the participant
sample, (7) language assessments utilized, (8)
nonlinguistic cognitive assessments utilized,
(9) language therapy utilized, (10) primary

findings, and (11) notable limitations. The
first two authors verified these details and
they are further expanded upon in the Results
section.

Our results begin with details about the
included studies, their participants, and the
assessments and treatments used. Then, the
results of the individual studies included in
our review are discussed, primarily organized
by cognitive domain. Within each domain,
studies that specifically compared thera-
peutic outcomes immediately post-treatment
with outcomes at a later follow-up are men-
tioned. Generalization to untrained targets
or contexts is also discussed within each
domain.

RESULTS

A total of 949 unique articles were
identified from the search results across
both databases (excluding duplicates). After
screening and review processes, 11 of these
articles were determined to meet inclusion
criteria without meeting any exclusionary cri-
teria. Six additional articles identified through
other means (e.g., references from primary
research articles or reviews) were also found
to meet inclusion and exclusion criteria. In
sum, a total of 17 articles were included in the
present scoping review. A flowchart depict-
ing the article selection process is shown in
the PRISMA diagram (Figure 2). Notably, one
article (Gilmore et al., 2019) included two
separate studies; therefore, a total of 18 indi-
vidual studies were included in the present
scoping review. Publication years for the in-
cluded articles ranged from 1994 to 2021.
Eight studies were conducted in the United
States (two of which were from the same
article: Gilmore et al., 2019), whereas three
were conducted in the United Kingdom, two
were conducted in Australia, and one each
was conducted in Austria, Germany, Poland,
the Netherlands, and Canada.

Participants

In the 18 studies, 390 participants with
aphasia resulting from cerebrovascular ac-
cident (CVA) participated in a variety of
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Figure 2. PRISMA diagram.

language therapies and nonlinguistic cogni-
tive assessments. Given that Gilmore et al.
(2019) utilized a subset of 27 participants
from their first study for their second study
and Lambon Ralph et al. (2010) included
10 participants from a study already part of
this review (Fillingham et al., 2006) in their
analyses, there were a total of 353 unique
participants. Individual studies included from
one to 67 participants with an estimated age
range of 18–87 years, based on studies that
reported participant age ranges. The major-
ity of participants were right-handed, though
not all studies reported handedness. Female
participants were underrepresented in the in-
cluded studies, overall (37% of participants),
given the roughly equivalent incidence of
aphasia in males and females (Hier et al.,
1994). Aphasia type and severity, as well as
time post-onset, varied across participants
and were reported differently across studies.
Some studies reported the number of fluent

and nonfluent participants, whereas some re-
ported the number with more specific types
of aphasia (e.g., Broca’s and Wernicke’s).
Other studies did not report the types of
aphasia represented in their sample at all.
Based on studies that reported the range of
time post-onset, the participants included in
the present scoping review were examined
between approximately 2 months and 25
years post-CVA. None of the studies included
in the present review examined individuals
in the acute stage of aphasia (1–7 days post-
stroke; Bernhardt et al., 2017). All studies
included participants in the subacute (7 days
to 6 months post-stroke) or chronic stage
(6 months or more post-stroke; Bernhardt
et al., 2017). Participant demographics across
all included studies are summarized in Sup-
plemental Digital Content Table 2 (avail-
able at: http://links.lww.com/TLD/A89), or-
ganized alphabetically by the first author’s last
name.
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Nonlinguistic cognitive assessments and
language therapy

Many different nonlinguistic cognitive as-
sessments were used in the included studies,
but all relate to the four domains outlined
by Helm-Estabrooks (2002): executive func-
tioning, attention, memory, and visuospatial
functioning, so were classified accordingly
(Table 2). The executive functioning domain
yielded the greatest number of different as-
sessments with 20 unique tests. Next, the
memory domain included 10 distinct as-
sessments. The visuospatial and attention
domains were represented by the fewest
assessments, with visuospatial functioning
measured by five assessments and attention
assessed by two. Most of the assessments
(75%) were only utilized in one study apiece,
demonstrating considerable variability among
the cognitive assessments utilized to investi-
gate similar research questions. Assessments
that occurred most frequently were the
Rey Complex Figure Test (RCFT; Meyers
& Meyers, 1995; n = 5; 27.7%), the Cog-
nitive Linguistic Quick Test (CLQT; Helm-
Estabrooks, 2001; n = 4; 22.2%), Raven’s
Progressive Matrices (RPM; Raven et al., 1978;
n = 3; 16.6%), Corsi block span (Kessels et al.,
2000; n = 3; 16.6%), and the Wisconsin Card
Sorting Test (WCST; Grant & Berg, 1993; n =
3; 16.6%).

Some assessments were difficult to clas-
sify, particularly those that targeted more
than one domain. For example, RPM was
frequently classified as an assessment of exec-
utive functioning across studies, but Seniów
et al. (2009) reported RPM as an assess-
ment of executive functioning as well as
visuospatial skills. Additionally, the RCFT
assesses recall memory through a visuospa-
tial paradigm. For the purposes of the
present scoping review, we chose to clas-
sify each assessment within only one of
the four cognitive domains (e.g., RPM in
executive functioning), while attempting to
maintain consistency with the original inten-
tion of the authors utilizing these assessments
in their research (Table 3, see complete
Table 3 as Supplemental Digital Content

Table 4, available at: http://links.lww.com/
TLD/A90) to the extent possible. We expand
on important caveats to this classification in
the discussion. Of note, organization of cogni-
tive assessments in their respective domains
is consistent with the classification scheme of
Fonseca et al. (2017)1.

Many different language therapies were uti-
lized in the included studies as well. Most
of the studies we found that investigated the
role of nonlinguistic cognition on aphasia
therapy outcomes were impairment-based.
Of these, most included studies treated nam-
ing, but used different approaches (e.g.,
intensive therapy, cueing hierarchies, and er-
rorless learning). Some treatments were less
structured and used an individualized for-
mat, including a variety of language targets
catered to each participant’s unique needs
(e.g., semantic, phonological, or syntactical
approaches to treat reading, writing, nam-
ing, or comprehension). It is beyond the
scope of the present review to formally
evaluate the differences between such ther-
apeutic approaches; however, see Table 3
(complete Table 3 as Supplemental Digital
Content Table 4 is available at: http://links.
lww.com/TLD/A90) for a full list of the lan-
guage treatments utilized across all included
studies.

The relationship between nonlinguistic
cognitive abilities and language therapy
outcomes

The 18 studies included in the present
scoping review addressed a variety of nonlin-
guistic cognitive skills encompassed by the
four domains outlined by Helm-Estabrooks

1Many, although not all of the assessments are classified
according to neuropsychological standards. For the pur-
poses of this review, we chose to favor the classification
of the included articles’ original authors’ when there
was disagreement with neuropsychological standards.
See the text by Lezak, et al. (2004) for neuropsychologi-
cal classification.
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Table 2. Nonlinguistic cognitive assessments

Cognitive Domain Tests and Tasks na

Executive functioning Association learningb 1
Card sortingb 1
Cognitive Linguistic Quick Testc 4
Delis–Kaplan Executive Function Test 1
Design fluencyb 1
Doors visual recognition 1
Flankerd 1
Geometric inclusion 1
Go no-god 1
Nonverbal cognitive control triade 1
Plus minus 1 and 2d 1
Raven’s Colored Progressive Matrices 1
Raven’s Progressive Matrices 3
Recent negativesd 1
Spatial stroopd 1
Stop-Signal Taskf 1
Trail Makingd 1
Western Aphasia Battery Block design 1
Weigel Sorting Test 1
Wisconsin Card Sorting Test 3

Memory One-back 1
Camden Memory Test 2
Concurrent spatial spanb 1
Corsi block span (forward and backward) 3
Face recognitionb 1
Picture recognitionb 1
Repeatable Battery for the Assessment of

Neuropsychological Status—Recall
1

Rey Complex Figure Test—Recall 5
Rivermead Behavioral Memory Test 1

Visuospatial skills Brief-Visuospatial Memory Test—Revised 1
Benton Visual Retention Test—Multiple

Choice Administration
1

Geometric matching 1
Rey Complex Figure Test—Copy 4
Repeatable Battery for the Assessment of

Neuropsychological status—Copy
1

Attention Test of Everyday Attention 2
Trail Making Test 2

aNumber of papers utilizing test/task.
bNonstandardized tasks that were independently developed by Goldenberg et al. (1994).
cThe following subtests were used as part of the CLQT: Design Generation, Design Memory, Mazes, Symbol Cancella-
tion, and Symbol Trails.
dNonstandardized tasks that were independently developed by Simic et al. (2020).
eTask used by Sandberg et al. (2021).
fTask used by Votruba et al. (2013).
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Figure 3. Number of studies examining each cognitive domain with outcomes. Note. The chart is not
weighted for the number of participants or significance of findings. See Table 2 for a comprehensive list
of the cognitive assessments classified within the four domains. This figure is available in color online
(www.topicsinlanguagedisorders.com).

(2002; Figures 1 and 3). Executive func-
tioning was the domain most frequently
investigated (15 of 18 studies, 83% of total)
and also the domain with the greatest number
of studies demonstrating a relationship with
language therapy outcomes (nine of 15 stud-
ies, 60%). Fewer studies examined memory
(nine of 18 studies, 50% of total) and visu-
ospatial functioning (eight of 18 studies, 44%
of total). Four memory studies (of nine, 44%)
and four visuospatial functioning studies (of
eight, 50%) found a relationship with aphasia
therapy response. Attention was the domain
least explored (five of 18 studies, 28% of total)
and least likely to be reported as having a rela-
tionship to outcomes after language therapy
(two of five studies, 40%). The overall find-
ings within each domain will be discussed in
turn, organized by the following categories
of outcomes: immediate post-treatment, de-
layed follow-up, and stimulus generalization
to either untreated targets (e.g., untrained
pictures) or a new modality (e.g., naming to
definition after being trained to name pic-

tures). Results within each outcome category
are roughly grouped by type of assessment.

Executive functioning

Immediate post-treatment

Fillingham et al. (2006) found that the num-
ber of categories completed on the WCST
positively correlated with immediate effects
of a combination of errorless and errorful
naming treatment. This finding was subjec-
tively supported by Conroy and Scowcroft
(2012), who compared percentile rankings
of WCST scores (number of categories)
and therapy outcomes 1-week post-treatment
(their first posttreatment assessment). How-
ever, Conroy and Scowcroft (2012) did not
formally analyze this relationship in their
small sample and reported no relationship
between therapy outcomes and the number
of trials to the first complete category on
the WCST. Moreover, Lambon Ralph et al.
(2010) found no significant correlation be-
tween WCST performance and outcomes of
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a picture-naming therapy at posttreatment.
The study by Lambon Ralph et al. (2010)
included more participants (33 total) than
the other two studies (Conroy & Scowcroft,
2012; Fillingham et al., 2006) and aligned
with findings from Goldenberg et al. (1994)
that reported performance on a card-sorting
task assessing cognitive flexibility did not cor-
relate with immediate outcomes from an in-
tensive aphasia therapy (or with measures of
spontaneous recovery). The team led by van
de Sandt-Koenderman et al. (2007) reported
comparable results in their 30-participant
study, with no significant correlation between
the Weigl Sorting Test (WST; Weigl, 1927), a
measure similar to the WCST, and their par-
ticipants’ effective use of an augmentative
and alternative communication aid immedi-
ately following treatment.

Despite the lack of significant findings by
Lambon Ralph et al. (2010) mentioned ear-
lier, the authors did find that a cognitive
factor identified in a principal components
analysis that included WCST scores posi-
tively correlated with therapy outcomes at
posttreatment. Additionally, the Delis–Kaplan
Executive Function System (D-KEFS; Delis
et al., 2001) Trails (i.e., switching and cog-
nitive flexibility) and Sorting (i.e., concept
formation and problem-solving) tasks both
showed a strong positive correlation with
posttreatment outcomes following naming
therapy in a study with a sample size of 32
(Dignam et al., 2017), similar to the number
reported in Lambon Ralph et al. (2010).

Rose et al. (2013) found that Raven’s Col-
ored Progressive Matrices (RCPM) did not
significantly correlate with combined effect
sizes for multimodal and constraint-induced
aphasia therapies. Similarly, Seniów et al.
(2009) did not find a significant impact of
RPM scores on naming, comprehension, or
repetition immediately following an individ-
ualized language therapy protocol. Of note,
the study by Rose et al. (2013) only included
11 participants and may have been under-
powered to detect a positive relationship, but
Seniów et al. (2009) had a larger sample con-
sisting of 47 participants.

Goldenberg et al. (1994) found no sig-
nificant correlations between an association
learning task of inhibition and outcomes im-
mediately following spontaneous recovery
or an intensive language therapy but may
have been underpowered to do so given
their sample of 18 participants. Simic et al.
(2020) also found that measures of execu-
tive functioning assessing inhibition, as well
as shifting and WM updating, did not sig-
nificantly correlate with outcomes at initial
posttreatment testing, though may have been
similarly underpowered with a sample size of
10. However, Votruba et al. (2013) reported
that a measure of inhibition (Stop Signal
Task), among other nonlinguistic cognitive
tasks, did not significantly correlate with post-
treatment language therapy outcomes in a
much larger study of 50 participants, per-
haps substantiating the findings of the smaller
studies.

Nicholas et al. (2011) found that subtests
of the CLQT (i.e., Design Generation, De-
sign Memory, Mazes, Symbol Cancellation,
and Symbol Trails) significantly correlated
with posttreatment outcomes from a ther-
apy utilizing an augmentative and alternative
communication assistive device. In a larger
study, Gilmore et al. (2019) found similar re-
sults. First, in Study 1, the same group of
CLQT subtests were identified as a compo-
nent predictive of posttreatment response
in a principal components analysis and sig-
nificantly contributed to explaining variance
in treatment response in a backward elim-
ination regression. Performance on these
same CLQT subtests also interacted with
treatment type, demonstrating a greater in-
fluence on outcomes from naming treatment
than on outcomes from sentence compre-
hension treatment. When further analyzed
in a subset of participants from the nam-
ing treatment group in Study 2, nonverbal
subtests of the CLQT were split into sep-
arate components, revealing that subtests
specifically addressing executive functioning
significantly predicted treatment response
post-therapy. Unlike Nicholas et al. (2011)
and Gilmore et al. (2019), Goldenberg et al.
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(1994) found that their design fluency task,
similar to the CLQT’s Design Generation,
did not significantly correlate with treatment
outcomes immediately following an inten-
sive language therapy (or with measures of
spontaneous recovery). Although this evi-
dence may call into question the impact of
the CLQT Design Generation subtest, it is
worth reiterating that with a sample size
of 18, Goldenberg et al. (1994) may have
been underpowered to identify a positive
relationship.

Delayed follow-up

The posttreatment effects of most studies
presented earlier aligned with their mainte-
nance effects (if maintenance was assessed).
For example, Fillingham et al. (2006) found
that the number of categories completed on
the WCST positively correlated with follow-
up effects of a combination of errorless and
errorful naming treatment, whereas Lambon
Ralph et al. (2010) found no significant
correlation between WCST performance
and outcomes of a picture-naming ther-
apy at follow-up. However, the cognitive
factor identified by Lambon Ralph et al.
(2010) in a principal components analysis
that included WCST scores positively cor-
related with therapy outcomes at follow-up
as well. Conroy and Scowcroft (2012) also
reported subjective maintenance outcomes
similar to posttreatment: outcomes at an
8-week follow-up (their second posttreat-
ment assessment) roughly aligned with the
percentile rankings of WCST scores (number
of categories, but not trials to first correct
category).

Consistent with their posttreatment out-
comes, Goldenberg et al. (1994) found no
significant correlations between nonlinguis-
tic cognitive tasks (including the card-sorting,
inhibition, and design fluency tasks) and total
outcomes, which was calculated as a differ-
ence score on standardized language testing
at study onset and at an 8-week posttherapy
follow-up. Likewise, the findings of Gilmore
et al. (2019) echoed their immediate post-
treatment effects: in Study 2, the nonverbal

subtests of the CLQT specifically addressing
executive functioning significantly predicted
treatment response at follow-up.

Two studies reported follow-up outcomes
that differed from initial posttreatment out-
comes. In the study by Dignam et al. (2017),
only the D-KEFS Sorting task (not Trails)
demonstrated similar positive correlations
with treatment outcomes at follow-up. Addi-
tionally, despite finding no significant correla-
tions with immediate posttherapy outcomes,
Simic et al. (2020) found that measures of
executive functioning assessing inhibition, as
well as shifting and WM updating, correlated
with treatment outcomes at 4- and 8 weeks
post-treatment, indicating a potential role of
inhibition in longer-term maintenance. An
executive functioning composite score (com-
bining inhibition, shifting, and WM updating)
was most predictive of their follow-up treat-
ment outcomes overall.

Generalization

Of the 15 studies investigating executive
functioning, five addressed generalization.
Notably, the primary outcome measure (per-
formance on five real-life functional commu-
nication activities) used by Nicholas et al.
(2011) inherently targeted generalization to
new conditions. The authors found that sub-
tests of the CLQT significantly correlated with
posttreatment outcomes on the five func-
tional communication activities while using
an assistive communication device, after par-
ticipants were trained to use the device in
different, structured therapy tasks. In another
study, one measure (D-KEFS Sorting descrip-
tion score) showed a positive relationship
with stimulus generalization to phonologi-
cally related items (Dignam et al., 2017).
Simic et al. (2020) similarly reported that
shifting ability (not other executive control
skills) predicted generalization to untreated
targets at posttreatment only (not at follow-
up). The remaining two studies did not
statistically analyze the relationship between
executive functioning and treatment out-
comes, but subjectively report their findings.
Kendall et al. (2014) anecdotally reported that
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their participant with the greatest stimulus
generalization across semantic categories also
demonstrated the highest score on RPM. Sim-
ilarly, Sandberg et al. (2021) describe a case
study revealing an imbalance in inhibitory
control, which the authors hypothesize may
have impacted their participant’s ability to
generalize treatment outcomes to his un-
treated language.

Summary

According to the studies included in the
present review, especially larger studies by
Lambon Ralph et al. (2010) and van de Sandt-
Koenderman et al. (2007), performance on
card-sorting tasks assessing abstract thinking
and cognitive shifting, like the WCST, appears
to have little bearing on initial or follow-up re-
sponse to language treatment (generalization
was not explored in relation to the WCST).
However, Dignam et al. (2017) found that
a similar task, the D-KEFS Sorting subtest
was positively related to immediate, delayed,
and generalization outcomes for their word-
retrieval-based treatment and Simic et al.
(2020) identified a significant role of shifting
on generalization to untreated items. There-
fore, more work is needed to address this
discrepancy.

Other executive functioning skills, such as
reasoning (e.g., RPM) and inhibition (e.g.,
Stop Signal Task), similarly lacked a significant
relationship with treatment outcomes in most
studies included in this review. That said, the
studies employing RPM or RCPM (Rose et al.,
2013; Seniów et al., 2009) lacked a clear anal-
ysis of effects on treatment maintenance and
one (Simic et al., 2020) of the two studies ex-
amining the relationship between inhibition
and maintenance reported a positive result.
Therefore, future studies should continue to
investigate the potential impact of reasoning
and inhibition on delayed follow-up assess-
ment, as well as further explore evidence of
their impact on generalization (Kendall et al.,
2014; Sandberg et al., 2021).

Subtests of the CLQT demonstrated a rel-
atively consistent relationship with language
therapy response at posttreatment, though

these assessments were only explored in two
studies (Gilmore et al., 2019; Nicholas et al.,
2011). Only one of the two studies examined
and found a significant impact of CLQT per-
formance on treatment response at follow-up
(Gilmore et al., 2019) and one involved gener-
alization in posttreatment findings (Nicholas
et al., 2011). As a result, future work in-
cluding the CLQT should further examine
treatment outcomes at all levels.

Memory

Immediate posttreatment

Harnish and Lundine (2015) found that the
forward Corsi block span, commonly recog-
nized as an STM task, did not significantly
predict effect size following a naming treat-
ment, but that the backward Corsi block
span, recognized as a WM task, had a large,
positive correlation with and significantly pre-
dicted treatment effect size. Goldenberg et al.
(1994) did not include the backward Corsi
block span, but similarly reported that nei-
ther the forward Corsi block span nor the
Concurrent spatial span significantly corre-
lated with treatment outcomes following an
intensive language therapy or with measures
of spontaneous recovery. However, Harnish
et al. (2018) in a later study found no signifi-
cant correlation between the backward Corsi
block span or the one-back (another mea-
sure of WM) and posttreatment outcomes.
Importantly, the nonsignificant results of both
Goldenberg et al. (1994) and Harnish et al.
(2018) may have been due to a lack of power
in their small sample sizes (18 and seven par-
ticipants, respectively).

Studies examining picture recognition
from the Camden Memory Test (CMT; Conroy
& Scowcroft, 2012), Rivermead Behavioral
Memory Test (van de Sandt-Koenderman
et al., 2007), and other sources (Goldenberg
et al., 1994) found no significant pattern
or correlation with outcomes of various lan-
guage therapies. Goldenberg et al. (1994) also
examined face recognition and again found
no correlation with their treatment outcomes
or with measures of spontaneous recovery.
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Although Conroy and Scowcroft (2012) and
Goldenberg et al. (1994) may have been un-
derpowered (with four and 18 participants,
respectively), van de Sandt-Koenderman et al.
(2007) had a much larger 30-participant sam-
ple in their study. However, Fillingham et al.
(2006) did report a positive correlation be-
tween the topographical recognition memory
subtest of the CMT and immediate effects of
a combined errorless and errorful treatment
approach.

Goldenberg et al. (1994) found that the
mean of the Immediate and Delayed Recall
subtests of the RCFT was the only mea-
sure in their battery to positively correlate
with response to intensive language therapy,
suggesting a unique role in treatment re-
sponse due to the absence of a correlation
with spontaneous recovery. Lambon Ralph
et al. (2010) found that the Delayed, but
not Immediate, Recall subtest of the RCFT
significantly predicted response to treatment
outcomes at posttreatment. However, other
studies have not replicated these findings.
Subjectively, Conroy and Scowcroft (2012)
found no similarities between their partici-
pants’ performance on the Immediate and
Delayed RCFT Recall tasks and their ther-
apy outcomes. Similarly, Rose et al. (2013)
did not identify significant correlations be-
tween RCFT Delayed Recall and response
to multimodal and constraint-induced apha-
sia therapy in a study with 11 participants.
Likewise, in a study with the same number
of participants, Fillingham et al. (2006) found
that baseline performance on Immediate and
Delayed Recall subtests of the RCFT did not
correlate with overall immediate therapy out-
comes. Moreover, Votruba et al. (2013) report
no significant correlation between a similar
task, the Repeatable Battery for the Assess-
ment of Neuropsychological Status Figure
Recall subtest, and therapy outcomes in a
large sample of 50 participants. Of note, the
Figure Copy subtest of the RCFT as well as ad-
ditional measures of visual memory has been
discussed in the section on visuospatial skills.

Delayed follow-up

Of the nine studies examining memory,
four explored maintenance effects. Two of
the studied exploring memory and main-
tenance effects reported similar findings at
posttreatment and follow-up. First, in the
study by Conroy and Scowcroft (2012),
patterns of follow-up treatment outcomes
aligned with posttreatment, meaning they did
not reflect participant scores on the CMT
picture recognition or RCFT Recall subtests.
Likewise, Lambon Ralph et al., (2010) again
found that the Delayed, but not Immediate,
Recall subtest of the RCFT significantly pre-
dicted response to treatment outcomes at
follow-up.

Although some follow-up results from
Fillingham et al. (2006) were consistent with
their posttreatment findings (a positive cor-
relation with the topographical recognition
memory subtest of the CMT; no correlation
with performance on the Immediate or De-
layed Recall subtests of the RCFT), they did
find one difference. The Immediate and De-
layed Recall subtests of the RCFT correlated
with the difference between outcomes on
errorless and errorful therapy approaches at
follow-up. The authors suggest this finding
highlights that better visual recall was linked
with a greater long-term response to error-
ful therapy. Therefore, it is possible that the
role of visual memory in treatment outcomes
may differ based on the specific therapeutic
approach (i.e., errorful vs. errorless).

Finally, Goldenberg et al. (1994) reported
that none of their memory assessments (Corsi
block span, concurrent spatial span, pic-
ture recognition, face recognition, and RCFT
recall) significantly correlated with total out-
comes, which was calculated as a difference
score on standardized language testing at
study onset and at an 8-week posttherapy
follow-up. This contradicted their positive
posttreatment correlation with the Recall
subtests of the RCFT but was consistent with
the posttreatment findings related to their
other memory assessments.
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Generalization

One of the nine studies examining memory
analyzed generalization. Although Harnish
et al. (2018) found no significant correlation
between the backward Corsi block span or
the one-back and post-treatment outcomes,
they did identify significant correlations with
generalization to untreated conditions (i.e.,
naming to definition for items trained via pic-
ture naming) for both tasks.

Summary

Measures of WM (e.g., Corsi block span)
revealed little relation to posttreatment or
follow-up language therapy outcomes. How-
ever, it is important to keep in mind that these
studies may have been underpowered to de-
tect a relationship between WM tasks and
treatment outcomes (Goldenberg et al., 1994;
Harnish & Lundine, 2015; Harnish et al.,
2018). Additionally, the findings of Harnish
et al. (2018) suggest WM may play a role
in generalization to untreated contexts (e.g.,
definition naming vs. picture naming).

Based on the articles included in the
present review, recognition memory appears
to play a minimal role in treatment re-
sponse. Although some studies may have
lacked power to identify a relationship be-
tween recognition memory and language
therapy outcomes, the study by van de
Sandt-Koenderman et al. (2007) included 30
participants and found no significance of pic-
ture recognition performance. However, the
group led by Fillingham et al. (2006) did find
a positive correlation between the topograph-
ical recognition memory subtest of the CMT
and both immediate and follow-up effects of
a combined errorless and errorful treatment
approach.

Finally, the studies included in our review
that utilized the figure recall subtests of the
RCFT reveal complex and inconsistent re-
sults. Lambon Ralph et al. (2010) showed
that the Delayed, but not Immediate Recall
subtest of the RCFT significantly predicted
response to treatment outcomes at posttreat-
ment and follow-up. Goldenberg et al. (1994)

found that the mean of the Immediate and
Delayed Recall RCFT subtests positively cor-
related with posttreatment, but not follow-up
outcomes of an intensive language therapy.
However, other studies, including the large
analysis (n = 50) by Votruba et al. (2013),
report no significant correlation between vi-
sual recall and therapy outcomes. Perhaps
future studies can explain the differences in
these results by further exploring the relation-
ship between visual recall and different types
of aphasia treatment with comprehensive
outcome measures (i.e., acquisition, mainte-
nance, and generalization).

Attention

Immediate posttreatment

Two studies employed the Trail Making
Test (TMT), versions A and B, which are
widely accepted measures of sustained and
divided attention, respectively (Reed & Reed,
1997). Votruba et al. (2013) reported no sig-
nificant correlations between the TMT-A/B
and immediate therapy outcomes. When con-
trolling for the effect of their standard verbal
treatment, Kroenke et al. (2013) also failed to
detect a significant correlation between TMT-
A/B and the immediate effect of their gesture
treatment. Furthermore, neither TMT version
increased the amount of explained variance
in their stepwise multiple regression analysis.

Three studies in our review (Dignam et al.,
2017; Fillingham et al., 2006; Lambon Ralph
et al., 2010) made use of two subtests from
the Test of Everyday Attention (TEA), the Ele-
vator Counting task, a measure of sustained
attention, and the Elevator Counting with
Distraction task, a measure of selective atten-
tion (Robertson et al., 1996). Dignam et al.
(2017) found no correlation between either
task and language therapy outcomes immedi-
ately post-treatment. Fillingham et al. (2006)
similarly did not identify a significant corre-
lation between either TEA subtest and their
overall immediate treatment effects. Contrary
to these results, Lambon Ralph et al. (2010)
found that while the sustained attention
task did not significantly predict treatment
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outcomes in their sample, the selective atten-
tion task, Elevator Counting with Distraction,
did predict treatment response immediately
post-treatment. Although Fillingham et al.
(2006) may have been underpowered to iden-
tify such a relationship, the studies by Dignam
et al. (2017) and Lambon Ralph et al. (2010)
had similar, larger sample sizes of 32 and 33
participants, respectively.

Delayed follow-up

Three of the five studies exploring atten-
tion examined follow-up effects. The two
studies that did not assess therapy out-
comes beyond immediate posttreatment ef-
fects were those that utilized the TMT
(Kroenke et al., 2013; Votruba et al., 2013).
Dignam et al. (2017) found no correlation
between either subtest of the TEA and lan-
guage therapy outcomes at a 1-month delayed
follow-up, comparable to their posttreatment
findings. The immediate posttreatment re-
sults of Lambon Ralph et al. (2010) were
also consistent with their 5-week delayed
follow-up, where they again saw that the
selective attention task (Elevator Counting
with Distraction), but not the sustained at-
tention task, predicted treatment response.
Although Fillingham et al. (2006) did not iden-
tify a significant correlation between either
TEA subtests and their follow-up treatment ef-
fects (at a delay of 5 weeks post-treatment
on average), they did find that the task with
distraction significantly correlated with the
difference between outcomes on errorless
and errorful therapy approaches at follow-up.
This is comparable to their findings related to
the RCFT recall subtest in the Memory sub-
section earlier.

Generalization

Only one of the five studies to examine
attention assessed generalization of treat-
ment gains to untreated items or conditions.
Dignam et al. (2017) did not find a significant
correlation between either measure of atten-
tion and stimulus generalization to untreated
items for their participants.

Summary

Few studies included in the scoping review
examined attention (five out of 18). Neither
version A or B of the TMT demonstrated
a relationship with immediate treatment ef-
fects in either study utilizing this assessment
(Kroenke et al., 2013; Votruba et al., 2013);
however, the relationship between TMT per-
formance and maintenance was not explored.
None of the three studies employing the TEA
(Dignam et al., 2017; Fillingham et al., 2006;
Lambon Ralph et al., 2010) found a significant
relationship between the sustained attention
subtest and immediate treatment effects, but
Lambon Ralph et al. (2010) found that the
selective attention task predicted treatment
response. The authors found that the selec-
tive attention task also predicted treatment
response at a delayed follow-up. Although
Dignam et al. (2017) did not report significant
results at follow-up, Fillingham et al. (2006)
found a correlation between the selective at-
tention subtest and the difference between
their participants’ performance on errorless
and errorful therapies (i.e., better selective
attention was related to better errorful out-
comes). In light of the differences in results
between the studies examining the impact of
the TEA on therapy outcomes at a delayed
follow-up, it remains unclear whether selec-
tive attention may play a greater role than
sustained attention in response to aphasia
treatments, especially those requiring more
effort (i.e., errorful treatments). There is no
evidence among the articles included in this
scoping review that measures of attention
relate to generalization of language therapy
gains (Dignam et al., 2017), though it is dif-
ficult to draw conclusions due to the lack of
studies that explored this relationship.

Visuospatial skills

Immediate posttreatment

Most studies utilizing the RCFT Figure
Copy task found no pattern or correlation
with immediate outcomes of various lan-
guage therapies (Conroy & Scowcroft, 2012;
Fillingham et al., 2006; Goldenberg et al.,

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



228 TOPICS IN LANGUAGE DISORDERS/JULY–SEPTEMBER 2022

1994; Votruba et al., 2013). Notably, the study
by Votruba et al. (2013) may have been the
only one sufficiently powered to detect sig-
nificant findings (n = 50). However, one
study (Lambon Ralph et al., 2010) did identify
the RCFT Figure Copy subtest as a signifi-
cant predictor of response to intervention at
posttreatment.

Despite the lack of a clear impact of vi-
suospatial copying skills on aphasia therapy
response, two additional tasks may reveal a
greater role of visual memory. Dignam et al.
(2017) found that both immediate visuospa-
tial learning and delayed recall of geometric
figures on the Brief Visuospatial Memory
Test—Revised (BVMT-R), as well as the total
score of both tasks, had positive correlations
with initial language therapy outcomes. Sim-
ilarly, the team led by Seniów et al. (2009)
found that the number of errors on the Ben-
ton Visual Retention Test—Multiple Choice
Administration (BVRT-MCA) significantly cor-
related with maximum possible improvement
percentages in naming and comprehension,
though not repetition, immediately following
individualized language therapy. Moreover,
Gilmore et al. (2019) identified a visual STM
component of their cognitive assessment bat-
tery in a principal components analysis and
scores on this cluster of assessments sig-
nificantly predicted response to therapy at
posttreatment in a subset of participants from
their naming therapy group.

Delayed follow-up

Six of the eight studies investigating visu-
ospatial skills assessed follow-up. Similar to
the immediate posttreatment outcomes ear-
lier, Lambon Ralph et al. (2010) were again
the only group to identify the RCFT Figure
Copy subtest as a significant predictor of re-
sponse to intervention at follow-up. Other
studies that included follow-up testing did not
report positive findings (Conroy & Scowcroft,
2012; Fillingham et al., 2006; Goldenberg
et al., 1994). Consistent with posttreatment
findings, Dignam et al. (2017) found that both
immediate visuospatial learning and delayed
recall of geometric figures on the BVMT-R had

positive correlations with follow-up language
therapy outcomes, but contrary to posttreat-
ment findings, the total score of both tasks
did not. Finally, scores on the visual STM as-
sessments identified by Gilmore et al. (2019)
significantly predicted response to therapy
at follow-up, as with posttreatment, in their
naming therapy subset group.

Generalization

The only study to explore generalization
within the visuospatial domain was the study
by Dignam et al. (2017). The authors found
that both immediate visuospatial learning and
delayed recall of geometric figures on the
BVMT-R, but not the total score on both tasks,
had positive correlations with performance
on untreated items at follow-up, but not
posttreatment.

Summary

The relatively pure visuospatial skills em-
ployed during the RCFT Figure Copy subtest,
with little influence from other cognitive do-
mains, did not appear to relate to outcomes
of language therapy for people recovering
from aphasia in our review (except for in
Lambon Ralph et al., 2010). The relation-
ship between performance on the RCFT
Figure Copy subtest and generalization was
not explored in any of the included articles.
However, studies that used tasks of visual
memory demonstrated more promising re-
sults. The BVMT-R (Dignam et al., 2017),
BVRT-MCA (Seniów et al., 2009), and a vi-
sual STM subsection of a cognitive assessment
battery (Gilmore et al., 2019) all demon-
strated significant positive relationships with
language therapy outcomes at posttreatment.
Two of these studies examined maintenance
and revealed additional significant results
(Dignam et al., 2017; Gilmore et al., 2019),
but only one explored and identified a signifi-
cant relationship with generalization (Dignam
et al., 2017). Together, these findings sug-
gest a perhaps more meaningful role of visual
memory in aphasia treatment response than
the results of studies discussed earlier, in
the memory domain section. However, the
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precise contribution of visual memory to
aphasia therapy response warrants further
investigation.

DISCUSSION

The purpose of this scoping review was
to explore the extent to which nonlinguistic
cognitive factors demonstrate a relationship
with aphasia treatment outcomes. When ex-
amining studies conducted between 1991
and 2021, we found a relatively small number
that investigated the impact of nonlinguistic
cognitive factors on response to poststroke
aphasia treatment. Among these, the non-
linguistic cognitive assessments employed
differed greatly, contributing to the challenge
of comparing and summarizing their results.
The variability among cognitive assessments
may impede investigators’ ability to replicate
findings, despite similar research questions.
For example, we encountered three different
card sorting tasks all used to evaluate exec-
utive functioning: the WCST (Grant & Berg,
1993), the WST (Weigl, 1927), and a propri-
etary card sorting task (Goldenberg et al.,
1994). Adding to that, studies employing
other assessments targeting similar executive
functioning constructs, such as the D-KEFS
(Delis et al., 2001), further complicate com-
parisons. Other sources of study variability,
such as the number of participants, individual
participant characteristics, type and duration
of treatment, and statistical analyses, exacer-
bated the challenge of synthesizing results.

Despite the difficulties of comparing stud-
ies with diverse methodologies, the present
scoping review provides an important per-
spective on the current state of the literature
investigating the extent to which nonlinguis-
tic cognition influences aphasia treatment
outcomes. The overall findings in the execu-
tive function domain were mixed. The studies
in our review did not provide conclusive ev-
idence for an effect of cognitive flexibility,
shifting, and problem-solving, determined by
assessments such as the WCST and D-KEFS,
on response to poststroke language therapy.
However, their involvement cannot be ruled

out. Based on the results of Goldenberg et al.
(1994), Simic et al. (2020), and Votruba et al.
(2013), inhibition may be a better predictor
of long-term (e.g., maintenance) than imme-
diate treatment response and may play a
role in generalization (Sandberg et al., 2021).
Despite difficulty parsing the specific con-
structs at play in studies employing the CLQT,
due to the assessment’s breadth and overlap
with other cognitive domains, a set of pre-
dominantly nonlinguistic CLQT subtests (i.e.,
design generation, mazes, symbol trails, sym-
bol cancellation, and design memory), which
only require verbal processing of instructions
supported by clinician demonstration and
practice items, shows preliminary evidence
(Gilmore et al., 2019; Nicholas et al., 2011)
of playing a role in poststroke aphasia ther-
apy outcomes. This finding is encouraging
for future work, and perhaps suggests that
the impact of individual, narrow cognitive
abilities (e.g., shifting) may be more difficult
to detect than a broader, cooperative effect
(e.g., overall executive function).

The results of studies addressing the mem-
ory domain were also mixed. Based on the
results of Harnish et al. (2018), WM may be
a better predictor of treatment generalization
than of immediate or delayed outcomes on
treated stimuli. Another interesting finding
comes from Fillingham et al. (2006) whose re-
sults suggest that therapies requiring a greater
amount of effort (i.e., errorful versus error-
less) may be more strongly influenced by
tasks such as visual memory. Although the
constraint-induced naming therapy used by
Rose et al. (2013) likely required greater ef-
fort than their multimodality treatment, the
authors did not utilize a subtractive technique
like Fillingham’s group (2006) to analyze the
difference in response to the two therapies.
Rose’s group (2013) instead saw no impact of
delayed figure recall on a combined posttreat-
ment effect size for both therapies.

Three studies in particular revealed in-
teresting, though somewhat contradictory
results pertaining to attention. Lambon
Ralph et al. (2010) demonstrated an effect
of selective attention (based on the Elevator
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Counting with Distraction subtest of the
TEA) on posttreatment and follow-up out-
comes from their naming therapy. Although
Fillingham et al. (2006) did not have the same
results, they did find that the difference in
response to their errorful and errorless ther-
apies correlated with performance on the
same selective attention task (similar to their
findings for visual memory described earlier).
However, the group led by Dignam et al.
(2017) found no relationship between scores
on the same selective attention task and
posttreatment, follow-up, or generalization
outcomes from their naming therapy.

Finally, visuospatial skills that minimize
overlap with other cognitive domains, such
as those involved in figure copying tasks, ap-
pear to bear little relation to aphasia therapy
response. All but one study (Lambon Ralph
et al., 2010) failed to detect a relationship
between figure copying tasks and poststroke
language therapy outcomes. On the other
hand, a variety of tasks engaging visual mem-
ory did identify relationships with therapy
outcomes at posttreatment (Dignam et al.,
2017; Gilmore et al., 2019; Seniów et al.,
2009) and follow-up (Dignam et al., 2017;
Gilmore et al., 2019). These results could be
due to the prominent role that visual memory
may have played in picture-naming or engag-
ing with other visual materials involved in the
treatments used in these studies, as is com-
mon in many research and clinical settings.

Limitations

The present scoping review provides a
thorough description of the current evidence
regarding the impact of nonlinguistic cogni-
tion on language treatment outcomes, though
several limitations exist. First, the scope of
the present study was to focus on nonlin-
guistic cognition, excluding any cognitive as-
sessments that involved linguistic capacities.
Given the nature of aphasia, nonlinguistic
stimuli are beneficial in circumventing the
impaired language system to provide a clear
measure of cognitive impairment. However,
excluding verbal cognitive assessments, such
as the digit span, prevented our examina-

tion of analyses utilizing such assessments,
which may also offer insight as to pre-
dictors of treatment outcomes. Additionally,
although nonlinguistic cognitive assessments
utilize nonlinguistic stimuli, participants are
still required to understand verbal instruc-
tions. Therefore, it is not possible to eliminate
the involvement of language all together. As
such, the nonlinguistic nature of the cognitive
assessments discussed in this scoping review
must be interpreted with caution.

Second, cognitive domains are intercon-
nected and can be difficult to disentangle
to analyze individually. Rather, although an
assessment may aim to examine a certain
domain (e.g., sustained attention), it is possi-
ble that the task also relies on another (e.g.,
STM). To simplify our overall interpretation
of the results, we chose to categorize each
assessment into only one of the four cognitive
domains, with the understanding that this
classification scheme came with limitations.
To interpret results of the studies as accu-
rately as possible, assessments were largely
classified as they were described in the orig-
inal studies unless there was disagreement
between studies using the same assessment.
In such cases, we aligned our classification
with the most frequent domain reported to
underlie the assessment among the included
studies. For example, Seniów et al. (2009)
classified RPM as a measure of executive
functioning and visuospatial skills, whereas
all other studies simply referred to RPM as an
executive functioning task. Therefore, we fol-
lowed the majority of studies using RPM and
classified it within the executive functioning
domain, despite the fact that visuospatial
skills are clearly involved. Of note, RCFT
was categorized into two domains, but this
was because the subtests—copy, immediate
recall, and delayed recall—were separated.
Authors of the studies included in our scop-
ing review unanimously described the copy
subtest as examining visuospatial functioning
and the recall subtests as examining mem-
ory. Because these subtests are inherently
distinct and the authors were in agreement,
they were categorized accordingly. The
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interconnectedness of cognitive domains and
the limitations of our classification scheme
should be taken into consideration when in-
terpreting the results of our scoping review.

Third, there were methodological limita-
tions to the present scoping review, as is
typically the case with any systematized ap-
proach. For example, we chose to specifically
explore the relationship between nonlinguis-
tic cognition and response to treatments
for aphasia targeting language. This pre-
cluded any analysis of other therapies that
might target nonlinguistic modes of com-
munication (e.g., gesture and drawing) or
quality of life. As such, most studies in-
cluded in the present scoping review took an
impairment-based approach to aphasia treat-
ment. However, response to other therapies
(e.g., those addressing nonlinguistic modes
of communication or quality of life) may also
be influenced by nonlinguistic cognition and
should therefore be explored in future work
as well. Additionally, although the authors
collaboratively developed the search strategy
and eligibility criteria and used a reliability as-
sessment at the screening phase to promote
consistency, it is still possible that appropri-
ate articles were missed during the database
search, abstract screening, or full article re-
view processes. Thus, our results may not
reflect the full evidence base addressing the
relationship between nonlinguistic cognitive
skills and linguistic outcomes of aphasia treat-
ment. Moreover, the articles included in our
scoping review were not critically appraised
for quality, as this is not a requirement of the
PRISMA guidelines as it would be for a sys-
tematic review or meta-analysis. As a result,
the quality of evidence included in our review
may be a further limitation.

Finally, this review is limited by the avail-
able published evidence, which mainly con-
sists of studies with relatively small sample
sizes and heterogenous samples of individu-
als with aphasia. Although the initial database
search elicited over 900 results, the majority
were eliminated by our eligibility criteria in
order to adequately compare and synthesize
the results. Therefore, due to the variability in

study samples as well as protocols, it is not yet
appropriate to draw firm conclusions regard-
ing the impact of nonlinguistic cognition on
aphasia therapy outcomes; however, it is our
hope that future research may benefit from
the themes outlined in this review.

Future directions

The present scoping review presents the
current state of evidence regarding non-
linguistic cognitive predictors of treatment
outcomes and has identified important gaps
in the literature that may be of value to exam-
ine. Here, we summarize those gaps and offer
potential solutions (Figure 4). First, the classi-
fication scheme used in the present scoping
review subjectively categorized each assess-
ment into mutually exclusive domains, which
limited our ability to examine the overlap
of cognitive skills that contribute to each
task. This is a result of the inherent chal-
lenge of investigating cognitive skills that are
distinct, yet related, and often used in com-
bination to accomplish functional activities.
Therefore, future work should investigate the
overlap of cognitive skills engaged in vari-
ous behavioral tasks, perhaps with the aim
of developing methodologies to parse the
unique contributions of each skill on the task
and on aphasia treatment response. Where
appropriate, it may also be beneficial to quan-
tify the combined effect and impact of such
overlapping cognitive skills. Such methodolo-
gies may allow for greater consistency across
researchers and improve the potential for
replicating findings.

Additionally, future work should examine
immediate (i.e., acquisition) versus delayed
(i.e., acquisition and maintenance) effects of
nonlinguistic cognitive deficits on treatment
outcomes. Recall, Simic et al. (2020) identi-
fied statistically significant relationships be-
tween multiple nonlinguistic cognitive vari-
ables and treatment effects at 4 weeks and 8
weeks post-treatment, but none immediately
following treatment. To determine whether
nonlinguistic cognition plays a different role
in acquisition versus maintenance, future
work should include this consideration in
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Figure 4. Gaps and recommendations for future study of nonlinguistic cognition in aphasia. This figure is
available in color online (www.topicsinlanguagedisorders.com).

experimental design. Similarly, relatively few
studies in this review (six out of 18) examined
the relation between cognition and general-
ization to untreated stimuli or contexts. Of
the studies that did, there were mixed results
regarding the domains of cognition that may
play a role in generalization. Three of five
studies examining generalization in relation
to executive functioning found a significant
relationship (Dignam et al., 2017; Nicholas
et al., 2011; Simic et al., 2020). The only
study to explore the relationship between
memory and generalization (Harnish et al.,
2018) reported significant results and the
same was true for visuospatial skills (Dignam
et al., 2017). Meanwhile, no relationship
was found between attention and general-
ization (Dignam et al., 2017). This direction
of research is crucial given the importance
of transferring learned therapy tasks to un-
learned items and situations in everyday life.

Finally, with the given difficulty of recruit-
ing individuals with aphasia and the time
investment in conducting treatment stud-
ies, the samples tend to be small, but they
also tend to be heterogenous. A potential
solution is collaboration among researchers

to align data collection procedures, which
could allow for aggregating data to analyze
larger samples with more statistical power
or explore subsamples with more homoge-
nous cognitive–linguistic characteristics. As
has been suggested in the broader realms of
stroke (Ali et al., 2013) and aphasia (Wallace
et al., 2019) rehabilitation research, a core
set of assessments could be agreed upon to
achieve consistency across studies. Attention
to descriptions of data collection procedures
and methods would also promote the replica-
bility of smaller studies, which could similarly
lead to more reliable conclusions in the field.

CONCLUSIONS

The purpose of the present scoping re-
view was to explore the extent to which
nonlinguistic cognitive factors demonstrate
a relationship with poststroke aphasia treat-
ment outcomes. We identified a relatively
small number of studies that examined this
relationship, which were diverse in terms of
their sample sizes, their participant charac-
teristics, their treatment protocols, and the
cognitive domain(s) studied. The results of
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the included studies do not offer conclusive
evidence regarding the potential influence
of nonlinguistic cognition on response to
(primarily impairment-based) aphasia treat-
ment; however, an emerging pattern is that
nonlinguistic cognition may demonstrate a
differential and perhaps greater impact on
delayed treatment response as well as gen-

eralization when compared with immediate
treatment response. Thus, future work should
emphasize study designs that incorporate
follow-up testing and measures of generaliza-
tion, as well as either large enough sample
sizes to achieve sufficient power or methods
to promote replicability, with controls for par-
ticipant heterogeneity.
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