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ABSTRACT

Background: The relationship between linguistic and nonlinguistic cognition in persons 

with aphasia is complex and often debated in the literature. Furthermore, the impact of 

nonlinguistic cognition on aphasia treatment outcomes is unclear. The present study 

sought 1) to examine the relationship between WAIS scores and performance on a test of 

naming and 2) to examine the relationship between WAIS scores and change scores on a 

test of naming between baseline and post-treatment in persons with chronic aphasia. 

Method: This retrospective study utilized data from participants (N=102) who were 

recruited for a multi-center cross-over trial (POLAR: Predicting Outcomes of Language 

Rehabilitation). Data from the POLAR behavioral test battery were analyzed including: 

PNT, WAIS Matrix Reasoning, and WAB-R. Six multiple linear regression models were 

created to examine the effects of nonlinguistic cognition on baseline naming performance 

and error type. An additional 6 multiple linear regression models were created to examine 

the effects of nonlinguistic cognition on changes in naming performance and error type. 

For a subset of participants (N=69), WAIS Matrix Reasoning scores were classified by 

test items that could be solved by visual pattern-matching or relational reasoning to 

further investigate the effect of nonlinguistic cognitive reserve.  

Results: Consistent with the literature, WAB AQ and age at testing were the most 

consistent predictors of baseline and post-treatment naming performance. WAIS Matrix 

Reasoning scores did not predict baseline naming performance or post-treatment naming 
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change scores. However, the effects of relational reasoning test items trended toward 

statistical significance for post-treatment naming change scores.  

Conclusions: The relationship between linguistic and nonlinguistic cognition is complex 

and difficult to investigate in isolation. From this study there is limited evidence to 

suggest that nonlinguistic cognition is associated with measures of naming, nor does it 

greatly impact treatment-related naming gains. Future research should examine the 

impact of other aspects of nonlinguistic cognition, such as attention and working 

memory, on aphasia treatment response.  
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CHAPTER 1 

BACKGROUND

Aphasia is an acquired language disorder that can impact all aspects of a person’s 

ability to communicate in everyday life. It can impact language across all communication 

modalities, including speaking, reading, writing, and comprehending speech. In addition 

to affecting everyday communication, aphasia can have drastic effects on a person’s 

quality of life (Ross et al., 2010; Hilari, 2011). Aphasia severity can vary widely and is 

highly dependent on the size and location of lesion damage (Fridriksson et al., 2016, 

Fridriksson et al., 2018). While the symptoms each person with aphasia (PWA) 

experiences are also heterogeneous (Fridriksson et al., 2018), aphasia is commonly 

subdivided into ‘types’ based on behavioral symptoms (verbal fluency, comprehension, 

and repetition ability). Goodglass & Kaplan (1972) describe the following aphasia 

subtypes: global aphasia, mixed transcortical aphasia, Broca’s aphasia, transcortical 

motor aphasia, Wernicke’s aphasia, transcortical sensory aphasia, conduction aphasia, 

and anomic aphasia. These subtype criteria are specific to observed language 

impairments, and it is widely accepted that aphasia specifically impacts language, not 

cognition, regardless of aphasia type.  

Behavioral speech-language therapy (SLT) remains the most common approach 

to aphasia rehabilitation. There are two main approaches to behavioral SLT: impairment-

based approaches and functional communication approaches. Impairment-based 
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approaches aim to improve language functioning by targeting specific language 

components. Functional communication approaches focus on compensating for language 

deficits and improving overall communication success. Despite a wealth of treatment 

options, the efficacy of aphasia therapy was debated until relatively recently, and it is still 

unclear which treatments work best for patients with different aphasia profiles 

(Fridriksson & Hillis, 2021). However, recent meta-analyses support the position that 

SLT is beneficial for PWAs (Brady et al., 2016). Furthermore, Breitenstein et al. (2017) 

provide evidence for the efficacy of impairment-based SLT in a recent Phase III 

randomized controlled trial. The results of this trial demonstrate that SLT improves 

verbal communication in people with chronic aphasia as well as improves communicative 

quality of life (Breitenstein et al., 2017).  

As demonstrated in the literature, there is increasing evidence for the efficacy of 

SLT. However, predicting which patients will respond to a given intervention continues 

to challenge clinicians treating PWA (Fridriksson & Hillis, 2021). Factors including age, 

education, nonlinguistic cognitive ability, social status, health, and time post-stroke have 

been suggested as biographical predictors of aphasia recovery (Darley, 1972; Johnson et 

al., (accepted, Cortex)). More recently, research has also indicated effects of 

neurobiological predictors on aphasia recovery, including lesion volume, lesion location, 

and leukoaraiosis severity (Johnson et al., 2022; Basilakos et al., 2019; Wilmskoetter et 

al., 2019). Of particular interest for this study is the impact of nonlinguistic cognition on 

aphasia treatment outcomes. While aphasia is a language disorder, the extent to which 

other cognitive processes impact aphasia treatment and recovery is still highly debated.  
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Cognition is a complex process often defined as having five primary domains: 

attention, executive functions, language, memory, and visuo-spatial skills (Helm-

Estabrooks, 2002). As with language, each nonlinguistic cognitive domain can be further 

subdivided into more specific components. Attention can be separated into sustained, 

selective, and divided attention (Papathanasiou & Coppens, 2017). Without the ability to 

attend to a given task, higher-level information processing cannot occur, so it is often 

considered a requisite skill for other cognitive domains (Helm-Estabrooks, 2002). 

Executive functioning encompasses higher-level cognitive skills necessary for planning, 

organizing, shifting, sequencing, problem-solving, and goal-oriented behavior (Mueller & 

Dollaghan, 2013). Types of memory are differentiated based on storage capacity and 

duration (Papathanasiou & Coppens, 2017). Short-term memory might last only seconds, 

whereas long-term memory might last a lifetime (Papathanasiou & Coppens, 2017). 

Long-term memory can also be further subdivided into declarative or explicit memory 

(e.g., memories of facts or events) and non-declarative or procedural memory (e.g., skill-

based memories). Finally, visuo-spatial skills include the perception of depth, distance, 

and shape; localization; and identifying relationships between objects (Joseph, 1988). 

Recently, the broader stroke literature has discussed a relationship between 

cognitive reserve and stroke-related impairments. Evidence from previous studies 

suggests that cognitive reserve is a significant factor in stroke recovery and language 

deficits (Rosenich et al., 2020). ‘Reserve’ refers to a feature of the brain’s structure and 

function that is thought to regulate the clinical expression of brain pathology or injury 

(Stern, 2002). Cognitive reserve is an active process and consists of two features: neural 

reserve and compensation (Stern, 2002). These features may aid in 1) optimizing or 
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strengthening existing, effective processing strategies when neural networks are damaged 

and 2) recruiting alternate neural networks to compensate for damaged neural networks 

(Stern, 2002). Complex mental or lifestyle activities (e.g., years of education, cognitive 

activity, and social activity) are thought to improve the development of cognitive reserve 

(Rosenich et al., 2020). 

Some researchers propose that all cognitive domains are involved in the aphasia 

rehabilitation process (Helm-Estabrooks, 2002), and language processing involves 

integrating linguistic and nonlinguistic cognitive abilities (Peach, 2017). Cognitive 

performance factors, specifically misallocated nonlinguistic cognitive resources, have 

been discussed as a potential cause of language impairment following post-stroke aphasia 

(McNeil et al., 1991). There is also an argument that underlying cognitive deficits can 

explain variable aphasia treatment responses (Sinotte & Coelho, 2007). 

Nevertheless, traditional aphasia rehabilitation centers on which language 

functions are impaired or spared (Helm-Estabrooks, 2002). While there is still debate in 

the literature as to the involvement of cognitive processes in aphasia rehabilitation, 

research has shown that nonlinguistic cognitive impairments often co-occur with aphasia 

(El Hachioui et al., 2014). This relationship could be an age-related effect because PWA 

are often older adults who have lower baseline cognitive ability than younger adults 

(Salthouse, 2009). However, identifying concomitant cognitive deficits is, nevertheless, 

an important part of aphasia rehabilitation as such impairments might prevent successful 

language rehabilitation (Papathanasiou & Coppens, 2017). Unfortunately, identifying 

cognitive deficits requires neuropsychological assessment, and many neuropsychological 
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tests have linguistic demands, making them inappropriate for use with PWAs (Helm-

Estabrooks, 2002).  

Studies investigating the impact of cognition in PWA usually employ 

nonlinguistic cognitive tests. A study by Basso et al. (1973) used the Raven’s Coloured 

Progressive Matrices (RCPM; Raven, 1965) as part of their study’s test battery. The 

RCPM is a nonverbal assessment of visual analogic thinking consisting of a series of 

visual matrices each with a missing piece. For each test item, test-takers must select the 

piece that best completes the visual matrix from an array of six options. Participants 

(N=159) with unilateral brain damage were administered the RCPM as well as 

assessments of language, cognition, and visuo-spatial processing. Participants were 

subdivided by the hemispheric site of the lesion as well as the presence or absence of 

aphasia and visual-field deficits. While left-hemisphere-damaged participants with 

aphasia were significantly impaired on the RCPM, Basso et al. (1973) found no 

significant correlation between RCPM scores and scores earned on tests of naming and 

oral comprehension by participants with left-hemisphere damage, aphasia, and no visual-

field deficits. This study also found that participants with right-hemisphere damage who 

had visual-field deficits were also significantly impaired, and participants with damage to 

either hemisphere scored significantly lower than controls. Basso et al. (1973) suggest 

that their results can be explained by considering lesion location, specifically areas 

critical to intelligence that overlap with areas critical for visual processing and language.  

A study by Helm-Estabrooks (2002) sought to describe the relationship between 

linguistic and nonlinguistic cognitive skills (attention, executive function, memory, and 

visuo-spatial processing) in 13 PWAs. This study utilized four linguistic subtests 
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(Personal Facts, Confrontation Naming, Story Retelling and Paragraph Comprehension, 

and Generative Naming) and four subtests targeting nonlinguistic cognition (Symbol 

Cancellation, Alternating Symbol Trails, Memory for Designs, and Mazes) from the 

Cognitive-Linguistic Quick Test (CLQT; Helm-Estabrooks, 2001). Results of this study 

found no significant relationship between linguistic and nonlinguistic cognitive skills, 

suggesting a dissociation between nonlinguistic and linguistic cognitive ability.  

In a study examining the role of language in reasoning and problem-solving, 

Baldo et al. (2005) found correlations between core language processes (comprehension 

and naming) and problem-solving performance. This study tested 41 stroke survivors (31 

had a left-hemisphere cerebrovascular accident (CVA)) on a battery of tests targeting 

language, problem-solving, and visuo-spatial skills. Testing included the Western 

Aphasia Battery, RCPM, and Wisconsin Card Sorting Test (WCST; Heaton, Chelune, 

Talley, Kay, & Curtis, 1993) as their main measures of interest. The WCST is a well-

established assessment of problem-solving that requires participants to sort cards into 

piles based on color, shape, and number. Their results showed that the WCST and RCPM 

correlated with language performance, and more severe language impairment correlated 

with reduced problem-solving ability (Baldo et al., 2005). They argue from these results 

that higher-level problem solving involves linguistic support (Baldo et al., 2005).  

In a follow-up study, Baldo et al. (2015) examined the relationship between 

aphasia severity and reasoning using another common assessment of linguistic and 

nonlinguistic cognitive skills, the Wechsler Assessment Intelligence Scale (WAIS; 

Wechsler, 2008). Specifically, Baldo et al. used the Picture Completion and Picture 

Arrangement subtests of the WAIS-R and WAIS-III, this time in a larger sample of 



7 

participants with left hemisphere CVAs only. These tasks were selected to differentiate 

required levels of reasoning, with Picture Arrangement serving as the more reasoning-

intensive task (Baldo et al., 2015). 37 Participants with aphasia and 23 controls were 

tested. An analysis of covariance revealed that PWAs performed significantly poorer than 

controls on the Picture Arrangement task but were not statistically different on the Picture 

Completion task (Baldo et al., 2015). The authors argue that language impairment relates 

to poorer performance on tasks that require increased reasoning ability (Baldo et al., 

2015).  

Baldo et al. (2010) devised a behavioral and neuroimaging study examining 

PWAs’ (N=107) performance on the RCPM with the position that linguistic abilities are 

necessary for complex problem solving. They categorized RCPM test items, a priori, by 

how the solution is derived, either by visual pattern-matching (VPM) or relational 

reasoning (RR). Of the 36 RCPM test items, 17 were classified as VPM and ten were 

classified as RR. Study results showed that PWAs had significant impairment on the RR 

condition relative to control participants (Baldo et al., 2010). While sample sizes for 

some aphasia subtypes, classified using WAB AQ, were too small for statistical analysis, 

behavioral results from this study suggested an effect of aphasia subtype outside of 

aphasia severity on RCPM performance (Baldo et al., 2010). Participants with more 

severe forms of aphasia (e.g., Broca’s, Wernicke’s, and global) showed the greatest 

inconsistency between conditions (Baldo et al., 2010). However, their poorer 

performance was not uniform between conditions, as those with Broca’s aphasia scored 

relatively well on the VPM condition while showing poorer performance on the RR 

condition (Baldo et al., 2010). These results indicate that PWAs showed greater 
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impairment, particularly on test items requiring relational reasoning, providing additional 

evidence for the role of language in higher-level reasoning and problem-solving (Baldo et 

al., 2010).  

Taken together, these studies have sought to disentangle linguistic and cognitive 

processes, which has led to disparate findings, leaving room for more questions. 

Additionally, few studies have directly examined the relationship between nonlinguistic 

cognitive abilities and aphasia treatment outcomes. Dignam et al. (2017) conducted a 

study of 32 PWAs investigating the impact of language and cognitive abilities on anomia 

therapy outcomes. Their assessment battery included tests for language, attention, verbal 

memory and learning, visuo-spatial memory and learning, and executive function. 

Findings from this study suggest that cognitive and linguistic ability at baseline impact 

naming gains following aphasia therapy (Dignam et al., 2017). Specifically, Dignam et 

al. (2017) found a positive effect on naming from verbal short-term memory and lexical-

semantic processing. However, these results were obtained using a relatively small 

sample size (N=32). Furthermore, while participants received 48 hours of total therapy, 

only 14 hours of that was impairment-based (Dignam et al., 2017).  

Gilmore et al. (2019) examined whether nonlinguistic cognitive abilities at 

baseline predicted language treatment outcomes. The first of two studies included data 

from 67 PWAs, and participants underwent an extensive pre-treatment cognitive-

linguistic assessment battery (Gilmore et al., 2019). A principal component analysis 

revealed two distinct components corresponding to linguistic and nonlinguistic cognition. 

Assessments corresponding to the linguistic component included all subscales of the 

Western Aphasia Battery-Revised (WAB-R), CLQT subtests measuring linguistic 
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processing, the Boston Naming Test, and the Pyramids and Palm Trees Test. 

Assessments corresponding to the nonlinguistic cognition component included WAB-R 

reasoning and problem-solving subscales, CLQT subtests measuring nonlinguistic 

cognition, and the Pyramids and Palm Trees Test. Study 1 found that pretreatment 

nonlinguistic cognitive skills had a greater impact on naming treatment than sentence 

comprehension treatment. The second of the two studies included data from 27 PWAs 

who had completed additional pre-treatment cognitive testing (Gilmore et al., 2019). The 

results of Study 2 indicated that executive function and visual short-term memory 

impacted immediate semantic-based treatment gains and longer-term maintenance of 

treatment gains.  

If extralinguistic cognition affects language recovery and treatment response, as 

has been shown in previous research, it is still unclear at what levels language and 

cognitive processing interact. It is also still unclear to which extent nonlinguistic 

cognition impacts aphasia rehabilitation outcomes. The current study aims to add to 

previous findings by examining the impact of nonlinguistic cognitive reserve on naming 

treatment outcomes. Additionally, this study will examine error use pre- and post-

treatment, which has not been a feature of previous studies and motivates this study 

further.
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CHAPTER 2 

AIMS 

The purpose of the present study was to address the extent to which nonlinguistic 

cognitive reserve influences language rehabilitation outcomes for persons with post-

stroke aphasia. A retrospective analysis of data from the POLAR study was conducted to 

address the following two aims: 

Aim 1: To examine the relationship between WAIS scores and performance on a test of 

naming.  

The first aim serves to investigate the impact nonlinguistic cognitive reserve has 

on baseline performance on tests of naming and aphasia severity. It also serves as a basis 

for comparison for Aim 2.  

Hypotheses  

It is predicted that there will not be a relationship between overall WAIS scores 

and baseline naming performance on the PNT. However, the relationship will be a 

function of error type. It is predicted that there will not be a relationship between WAIS 

scores and phonemic errors, but there will be a relationship between WAIS scores and 

semantic errors. Specifically, participants with higher WAIS scores will demonstrate 

fewer semantic errors. 
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The PNT is a test of lexical access, which is primarily a language skill. In a 

principal component analysis, Gilmore et al. (2019) found that scores on the Boston 

Naming Test (BNT) loaded on the language component but not the cognitive component. 

As the PNT and BNT are both naming assessments, it follows that baseline cognitive 

reserve will have a limited impact on a participant’s overall score on the PNT. In their 

study, Gilmore et al. (2019) also found that the Pyramids and Palm Trees Test loaded on 

both the language and cognitive components as this assessment measures both conceptual 

reasoning and semantic access, measures of nonlinguistic and linguistic cognition, 

respectively. With this apparent connection between conceptual reasoning and semantic 

access, there could be a closer relationship between WAIS scores and the number of 

semantic errors participants make.  

Aim 2: To examine the relationship between WAIS scores and change scores on a test of 

naming between baseline and post-treatment.  

The second aim investigates the involvement of nonlinguistic cognitive reserve on 

aphasia treatment outcomes immediately post-treatment. Specifically, this aim examines 

PNT change scores, including changes in the number and type of errors made. 

Hypotheses  

It is predicted that there will be a relationship between WAIS scores and 

improvements in naming performance. As for PNT error type, it is predicted that higher 

WAIS scores will result in a reduction of semantic errors as this error type involves the 

integration of linguistic and nonlinguistic skills to a greater degree.  
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It is proposed that improvements in naming performance involve some degree of 

learning ability. WAIS scores serve as a measure of nonlinguistic cognitive reserve, 

which is expected to support learning in PWAs receiving aphasia therapy. Previous 

evidence suggests that there is a relationship between baseline cognitive reserve and 

improvement in naming following behavioral language therapy (see Gilmore et al., 

2019).  
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CHAPTER 3 

METHODS

Participants 

The present retrospective study utilized data from a multi-center cross-over trial 

(POLAR). The aims of POLAR were to investigate who responds to speech and language 

therapy and the degree to which participants respond to therapy. Participants were 

recruited via the University of South Carolina (USC) and Medical University of South 

Carolina (MUSC) from 2015 to 2020. Participants were included if they were in the 

chronic stage of aphasia (≥ 12 months post-stroke) resulting from a left-hemisphere 

stroke (ischemic or hemorrhagic). Other POLAR inclusion criteria are as follows: age 

(21-80 years), primary language (English), ability and willingness to provide written and 

verbal consent, and MRI eligibility. Participants were excluded under the following 

conditions: severely limited auditory comprehension (WAB-R Comprehension score of 

0-1) or severely limited verbal output (WAB-R Spontaneous Speech score of 0-1). 

Participants who met the inclusion criteria participated in baseline testing, two rounds of 

speech-language therapy, and outcome assessments immediately post-treatment as well 

as at 1-month, 6-month, and 1-year timepoints following therapy completion. 127 

participants were enrolled in the POLAR study, including 20 control participants without 

aphasia, who only underwent baseline testing. 107 participants underwent therapy. Of 

those participants, five participants withdrew their study consent resulting in 102 

participants who completed all therapy protocols. Relevant participant demographic 
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information is described in Table 3.1. For further information on POLAR participants, 

see Kristinsson et al. (2021).

 

 

Testing 

Upon enrollment in the POLAR study, biographical data were obtained for each 

participant using a detailed case history form and questionnaire. A baseline interview was 

also conducted by an American Speech-Language-Hearing Association (ASHA)-certified 

SLP to clarify information or gather additional biographical data, as needed.  

Participants underwent an extensive neuropsychological test battery at baseline 

and subsequent testing points, which included speech, language, and nonverbal cognitive 

testing. Tests were administered by ASHA-certified SLPs in keeping with the 

administration and scoring instructions provided in each testing manual. A Clinical Core 

team implemented an assessment fidelity and reliability program. See Spell et al. (2020) 

for the full POLAR fidelity protocol.  

The neuropsychological tests incorporated as potential predictors of therapy 

response in the current study are described in detail below.  

Table 3.1 Participant Summary (N=102) 

 



15 

Philadelphia Naming Test (PNT; Roach et al., 1996). The PNT is a computerized 

picture-naming task designed to measure lexical access in aphasic and non-aphasic 

speakers. It consists of 175 high- and medium-frequency nouns varying in length from 1-

4 syllables. During the test, participants are instructed to name each picture when it 

appears on the computer screen. Each naming trial ends after one of the following 

conditions: an overt response or after 30 seconds have elapsed. Higher scores indicate 

greater preservation of naming skills.  

Wechsler Adult Intelligence Scale-Matrix Reasoning (WAIS; Wechsler, 2008). 

The WAIS is a clinical instrument used to assess intellectual ability. It consists of several 

subtests, which each measure a different aspect of intelligence. The Matrix Reasoning 

subtest measures visual information processing and abstract reasoning skills. It consists 

of 26 items which fall under one of four types: (i) continuous and discrete pattern 

completion, (ii) classification, (iii) analogy reasoning, and (iv) serial reasoning. For the 

purposes of this study, WAIS Matrix Reasoning scores serve as a measure of 

nonlinguistic cognitive reserve.  

Western Aphasia Battery-Revised (WAB-R; Kertesz, 2007). The WAB-R assesses 

overall language impairment and classifies the type and severity of aphasia (if present). 

The assessment includes tests of several functional domains which are represented as 

scores on the following subtests: Spontaneous Speech (speech content and fluency of 

speech), Auditory Comprehension, Speech Repetition, and Naming. The subtest scores 

contribute to the Aphasia Quotient (AQ), which is an overall measure of aphasia severity. 

Across all WAB-R subtests, a higher score indicates less severe impairment. 
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Statistical Analysis 

Aim 1  

Six multiple linear regression models were created to address Aim 1. The first 

three models used data from the 102 participants who completed all POLAR therapy 

protocols. Model 1 examined baseline PNT scores, Model 2 examined the number of 

baseline PNT phonemic errors, and Model 3 examined the number of baseline PNT 

semantically related errors each with the following independent variables: WAIS Matrix 

Reasoning scores, WAB AQ scores, and age at testing. All variables were correlated 

(Pearson) to investigate potential multicollinearity.  

The following three models addressing Aim 1 used data from a subset of 

participants (N=69), summarized in Table 3.2. The number of participants in this second 

subset (N=69) of models (Models 4 through 6) consists of participants who had itemized 

WAIS matrix reasoning scores and had answered up to at least item 12 out of 29 

(including the 3 practice items) on the WAIS Matrix Reasoning subtest. WAIS testing 

discontinues after a certain criterion for each subtest, therefore not all participants receive 

all items. The Matrix Reasoning subtest discontinues after four consecutive scores of 0 or 

after four scores of 0 out of five consecutive questions. For the present study, WAIS 

Matrix Reasoning scores were categorized into visual pattern-matching (VPM) and 

relational reasoning (RR), as done by Baldo et al. (2010). See Fig. 3.1 for an example of 

VPM and Fig. 3.2 for an example of RR. This cut-off point, Matrix Reasoning item 12, 

was selected as it includes at least five RR test items. Due to the WAIS Matrix Reasoning 

discontinuation rule, there was no guarantee that participants would have had the 

opportunity to attempt a RR test item because they occur predominantly in the second 
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half of the Matrix Reasoning subtest. Not attempting a question is not equivalent to an 

incorrect response. Therefore, this cut-off point was selected to ensure participants had 

attempted a minimum number of 5 RR test items.  

 

 

 

 
 

Table 3.2 Participant Summary (N=69) 

Figure 3.1 WAIS Visual Pattern-Matching 
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Models 4-6 examined the same three dependent variables as the first three 

models. However, the factors of interest for these models were slightly modified and 

included VPM ratio correct, RR ratio correct, WAB AQ, and age at testing. VPM and RR 

ratio correct scores were calculated for each participant by taking the number of each 

question type participants answered correctly and dividing that by the number of each 

question type participants were exposed to. 

WAIS Matrix Reasoning, like the RCPM, measures non-verbal reasoning. In 

these tests, individuals must determine which of several alternatives best completes a 

visual pattern. Some test items require relational reasoning, which entails the ability to 

recognize and integrate two or more dimensions of relational change (Christoff et al., 

2001). Other test items can be solved only via visual pattern-matching (DeShon, Chan, & 

Weissbein, 1995). For the purposes of this study, the author categorized each WAIS 

Matrix Reasoning test item, a priori, as either VPM or RR. The categorizations were 

discussed with Committee Member (LJN). Consensus was reached on all but three test 

Figure 3.2 WAIS Relational Reasoning 
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items (7, 10, and 18), therefore Thesis Director (DdO) provided a third rating and item 

classifications were assigned based on majority agreement. 

Aim 2  

To address this aim, six additional models were created. The first set of three 

models (Models 7 through 9) again included data from the full set of participants 

(N=102). The independent variables were WAIS Matrix Reasoning scores, WAB AQ 

scores, and age at testing, and the dependent variables were overall PNT change scores, 

change in phonemic errors, and change in semantic errors. Change scores were calculated 

from PNT scores (raw total correct, number of semantic errors, and number of 

phonological errors) immediately post-treatment and at baseline. These scores were then 

used as the dependent variables in the models.  

The second set of three models (Models 10 through 12) used data from the same 

subset of participants (N=69). The independent variables were VPM ratio correct, RR 

ratio correct, WAB AQ scores, and age at testing, and the dependent variables were 

overall PNT change scores, change in phonemic errors, and change in semantic errors. 

All statistical analyses were done using statistical software R, and figures were made 

using package GGPLOT2 in R.  
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CHAPTER 4 

RESULTS

Six models were created to address Aim 1 and six models were created to address 

Aim 2. Table 3.1 provides a summary of demographic information for the participants 

(N=102) included in Models 1-3 and 7-9. Table 3.2 provides a summary of demographic 

information for the participants (N=69) included in Models 4-6 and 10-12. 

Aim 1 – Baseline Models 

Six baseline models were created to investigate what factors predict 1) Baseline 

total PNT correct, 2) Baseline phonological errors, and 3) Baseline semantic errors. The 

first set of models used data from all participants (N=102), and the second set of models 

used data from a subset of those participants (N=69). See Table 4.1 for a complete list of 

formulas used for each model. Independent variables included in the first set of three 

models were WAIS Matrix Reasoning scores, WAB AQ, and age at testing, while 

independent variables for the second set of three models were visual pattern-matching 

(VPM) ratio correct, relational reasoning (RR) ratio correct, WAB AQ, and age at testing. 

Fig. 4.1 presents the (Pearson) correlation matrix between all independent variables. A 

significance value of 0.05 was selected for all models. 
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Table 4.1 Model Formulas for Aims 1 and 2 



22 

 

Two statistically significant main effects (WAB AQ and age at testing) were 

revealed from Model 1, illustrated in Fig. 4.2 and Fig. 4.3, indicating a positive 

relationship between aphasia severity (β=2.44; p< 0.00001) and baseline PNT scores and 

a negative relationship between age at testing (β=-0.62; p=0.014) and baseline PNT 

scores. WAIS Matrix Reasoning scores did not significantly predict participants’ overall 

PNT scores at baseline. Model 2 revealed two statistically significant main effects (WAB 

AQ and age at testing), illustrated in Fig. 4.4 and Fig. 4.5, indicating a negative 

relationship between aphasia severity (β=-0.14; p=0.004) and baseline phonemic errors 

Figure 4.1 Correlation Matrix of Independent Variables 
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and a positive relationship between age at testing (β=0.16; p=0.09) and the number of 

baseline phonemic errors. Again, WAIS Matrix Reasoning scores were not a significant 

predictor of baseline PNT phonemic errors. No significant values were revealed from 

Model 3, indicating no relationship between WAIS Matrix Reasoning scores, aphasia 

severity, or age at testing on baseline semantic errors. Table 4.2 lists a full summary of 

the linear regression model results for Models 1-3. 

 
Figure 4.2 WAB AQ and PNT Baseline Scores 
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Figure 4.3 Test Age and PNT Baseline Scores 

Figure 4.4 WAB AQ and PNT Baseline Phonemic Errors 



25 

 

 

Model 4 had one significant main effect, WAB AQ, which indicated that baseline 

PNT scores were associated with more mild aphasia (β=2.27; p<0.00001; Fig. 4.6). 

Similarly, Model 5, with baseline phonological errors as the dependent variable, had one 

statistically significant main effect of WAB AQ (β=-0.14; p=0.01), which demonstrates 

that individuals with more mild aphasia produced less phonemic errors (Fig. 4.7). From 

Figure 4.5 Test Age and PNT Baseline Phonemic Errors 

Table 4.2 Linear Regression Model Results (Models 1-3) 
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Model 6, the effects of VPM ratio correct trended toward statistical significance (β=-

7.56; p=0.053) to predict baseline semantic errors (Fig. 4.8). Table 4.3 lists a full 

summary of the linear regression model results for Models 4-6. 

 

 

Figure 4.6 WAB AQ and Baseline PNT (N=69) 

Figure 4.7 WAB AQ and Baseline PNT Phonemic Errors (N=69) 
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Aim 2 – Post-Treatment Models  

Six post-treatment models were created to investigate what factors predict 1) 

Overall PNT change scores, 2) Phonological error change scores, and 3) Semantic error 

Figure 4.8 VPM Ratio Correct and Baseline Semantic Errors (N=69) 

Table 4.3 Linear Regression Model Results (Models 4-6) 
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change scores. As in the Aim 1 models, the first set of models used data from the full set 

of participants (N=102), and the second set of models used data from a subset of those 

participants (N=69). Independent variables included in Models 7 through 9 were WAIS 

Matrix Reasoning scores, WAB AQ, and age at testing. The independent variables for 

Models 10 through 12 were visual pattern-matching (VPM) ratio correct, relational 

reasoning (RR) ratio correct, WAB AQ, and age at testing.  

Model 7 included WAIS Total, WAB AQ, and test age as independent variables 

to predict PNT change. No significant factors were revealed from Model 7. Model 8, 

which aimed to predict change in phonological errors revealed one statistically significant 

predictor (WAB AQ), illustrated in Fig. 4.9. Here, a higher WAB AQ at baseline resulted 

in a greater reduction in phonemic errors (β=-0.07; p=0.01), while lower WAB AQ 

resulted in a greater increase in phonemic errors. Finally, there were no statistically 

significant values revealed from Model 9, which aimed to predict change in semantic 

errors. Table 4.4 lists a full summary of the linear regression model results for Models 7-

9. 
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The final set of models included the following independent variables: VPM ratio 

correct, RR ratio correct, WAB AQ scores, and test age. Model 10, which aimed to 

predict PNT change, had one significant effect of WAB AQ (β=0.14; p=0.03), illustrated 

in Fig. 4.10, indicating that individuals with less severe aphasia were more likely to 

improve on the PNT post-treatment. Also from Model 10, the effects of RR ratio correct 

Figure 4.9 WAB AQ and Change in Phonemic Errors 

Table 4.4 Linear Regression Model Results (Models 7-9) 
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(β=-18.10; p=0.07) trended toward statistical significance, see Fig. 4.11, potentially 

indicating that those with a higher RR ratio correct score had less gain in their overall 

PNT score. VPM ratio scores and age at testing were not significant predictors of PNT 

change scores for this subset of participants. WAB AQ was again the only statistically 

significant effect revealed to predict change in phonological errors (Model 11; β=-0.12; 

p=0.0003), illustrated in Fig. 4.12. VPM ratio scores, RR ratio scores, and age at testing 

were not significant predictors of change in phonemic errors in this subset of participants. 

Finally, there were no significant factors revealed to predict change in semantic errors 

(Model 12). Table 4.5 lists a full summary of the linear regression model results for 

Models 10-12. 

 

 
Figure 4.10 WAB AQ and Change in PNT (N=69) 
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Figure 4.11 RR Ratio Correct and Change in PNT (N=69) 

Figure 4.12 WAB AQ and Change in Phonemic Errors (N=69) 
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Table 4.5 Linear Regression Model Results (Models 10-12) 
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CHAPTER 5 

DISCUSSION

The present study sought to identify the impact of nonlinguistic cognitive reserve 

on naming ability following language-based aphasia treatment. Six models were created 

to address Aim 1. The first three models investigated the association of WAIS scores, 

WAB AQ, and age at testing with overall naming performance as well as the prevalence 

of phonemic and semantic naming errors, all at baseline. The second set of three models 

investigated the association of visual pattern-matching (VPM) ratio correct, relational 

reasoning (RR) ratio correct, WAB AQ, and age at testing with baseline naming 

performance, phonemic errors, and semantic errors. VPM and RR scores were derived 

from the Wechsler Adult Intelligence Scale (WAIS) Matrix Reasoning subtest to 

differentiate between test items that require higher-level reasoning skills (RR test items) 

in keeping with Baldo et al. (2010). Models 4-6 utilized data from a subset (N=69) of the 

full set of participants (N=102) used for Models 1-3. 

Six post-treatment models were created to address Aim 2, examining the 

association of factors of interest with post-treatment change in naming performance, 

change in phonemic errors, and change in semantic errors. The factors of interest for 

Models 7-9 were WAIS scores, WAB AQ, and age at testing. Finally, Models 10-12 

investigated the following factors of interest: VPM ratio correct, RR ratio correct, WAB 

AQ, and age at testing.  
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For Aim 1, it was hypothesized that there would be no relationship between 

WAIS scores and baseline PNT scores or baseline phonemic errors. However, it was 

hypothesized that there would be a relationship between WAIS scores and greater 

baseline semantic errors. Consistent with this hypothesis WAIS scores do not predict 

baseline PNT scores outside of what is predicted by WAB AQ and age at testing. Also, in 

keeping with Aim 1 hypotheses, no relationship was found between WAIS scores and 

baseline phonemic errors. Instead, WAB AQ was a significant predictor of baseline 

phonemic errors and age at testing was a trending predictor. In contrast to the hypotheses, 

however, there was also no relationship between WAIS scores and baseline semantic 

errors. Overall WAIS scores did not predict baseline semantic errors. However, VPM 

ratio correct scores trended toward statistical significance for one baseline measure with a 

higher VPM ratio correct, resulting in fewer baseline semantic errors. RR ratio correct 

was not a significant predictor for any baseline measure. 

To address Aim 2, it was hypothesized that there would be a relationship between 

WAIS scores and response to naming treatment overall and by error type. Higher WAIS 

scores, representing greater potential for learning, would predict greater response to 

naming treatment overall. It was also predicted that higher WAIS scores would result in a 

decrease in semantic errors and possibly an increase in phonemic errors. Additionally, 

RR ratio correct scores would be a better predictor of naming gains than VPM ratio 

correct. From Models 7 through 9, WAB AQ predicted change in phonemic errors with a 

lower WAB AQ resulting in more post-treatment naming errors, which is likely due to an 

increase in participant naming attempts compared to baseline, resulting in more errors. 

Finally, models 10 through 12 revealed that WAB AQ was a significant predictor of 
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overall PNT change scores as well as change in phonemic errors, and RR ratio correct 

scores were a trending predictor for overall PNT change scores. Participants with a higher 

RR ratio correct had less overall change in PNT score. While this result differs from the 

predicted result, this relationship could indicate that the participants with a greater facility 

for RR test items had higher baseline naming scores and, therefore, less room for naming 

gains. 

 Aphasia is heterogeneous in nature, and no two people diagnosed with aphasia 

will experience deficits in the same way (Fridriksson et al., 2018). While research has 

shown that behavioral aphasia treatment is effective (Brady et al., 2016; Breitenstein et 

al., 2017), not all individuals respond to treatment in the same way and predicting aphasia 

treatment outcomes is still challenging (Fridriksson & Hillis, 2021). Some factors that 

have been shown to impact aphasia treatment outcomes include age and aphasia severity 

(Gilmore et al., 2019; Holland et al., 2017; Kristinsson et al., 2021). Consistent with 

Kristinsson et al. (2021), aphasia severity was the most consistent predictor of response 

to naming treatment in that the more mild in aphasia severity, the more treatment gains 

made. As the present study utilized data from the same participants, these effects were 

expected. Their study concluded that participants with milder aphasia respond better to 

semantic treatment, whereas participants with more severe aphasia benefit more from 

phonological treatment (Kristinsson et al., 2021).  

 While effective language processing necessitates both linguistic and nonlinguistic 

cognitive abilities, cognition’s impact on aphasia treatment is still debated, despite the 

cooccurrence of nonlinguistic cognitive deficits with aphasia. Studies have shown that 

aphasia is associated with attention, executive function, and short-term memory 
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impairments (Villard & Kiran, 2015; Purdy, 2002; Lang & Quitz, 2012;). Even with this 

knowledge, traditional aphasia treatment targets linguistic deficits but does not 

necessarily take concomitant cognitive deficits into account. Furthermore, cognitive 

deficits might be difficult to diagnose in PWAs as many cognitive assessments require 

language use (Helm-Estabrooks, 2002). Research has shown that baseline linguistic and 

nonlinguistic cognitive abilities impact naming gains following treatment (Dignam et al., 

2017) and that pretreatment nonlinguistic cognitive skills have a greater impact on 

naming treatment than sentence comprehension treatment (Gilmore et al., 2019). 

Previous studies also support the role of language in higher-level reasoning and problem 

solving (Baldo et al., 2010). The present study provides some mild additional evidence 

that baseline cognitive reserve, specifically relational reasoning ability, impacts response 

to naming treatment. However, there is no evidence to support that cognitive reserve 

impacts treatment effects specific to phonological or semantic error types. Furthermore, 

the results of the present study suggest that cognitive ability is separate from naming 

performance. 

This study adds to our collective understanding of how cognitive reserve impacts 

successful aphasia rehabilitation. In theory, recognizing a patient’s baseline cognitive 

ability could aid clinicians in determining eligibility for aphasia treatment and in 

predicting treatment response. This is an important clinical consideration, as patient 

insurance limitations often necessitate treatment be as efficient as possible to maximize 

gains from a limited therapy duration. However, the current study did not find strong 

evidence that such extralinguistic cognitive ability is a firm predictor of baseline naming 

ability or treatment response. Of course, it will be important to determine the benefit of 
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concurrent cognitive-linguistic treatment. Should such a benefit be found, future research 

into cognition and aphasia could support the development of aphasia rehabilitation 

approaches that integrate cognitive and linguistic treatments.  

Limitations  

Several limitations of this study should be noted. First, this study was 

retrospective; therefore, measures of nonlinguistic cognition were limited. No single task 

is a perfect measure of cognition, let alone a measure of cognition in PWAs (Helm-

Estabrooks, 2002). Cognition and language are often overlapping in nature, which is why 

there is much debate on appropriate nonlinguistic cognitive tasks, particularly for those 

with aphasia (Helm-Estabrooks, 2002). While the WAIS Matrix Reasoning subtest 

measures nonlinguistic cognition, it provides an incomplete assessment. This subtest 

measures visual information processing and abstract reasoning but does not explicitly 

measure attention, short-term memory, or executive function, all of which have been 

previously associated with aphasia and could potentially impact aphasia treatment 

response. An ideal measure would also assess these aspects of nonlinguistic cognition. 

Another challenge in the present study was the WAIS Matrix Reasoning discontinuation 

rule, which adherence to resulted in an incomplete dataset. There is no guarantee that a 

participant who discontinues the assessment early would, in fact, have missed later test 

items. The discontinuation rule also made assigning VPM and RR scores problematic, 

and proportion scores were not a perfect measure. The discontinuation rule often results 

in participants not being exposed to any RR test items. If participants do discontinue 

early and are not exposed at all to RR test items, then their proportion of RR items would 

be nonexistent, resulting in missing data points. In this study, such participants were 
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removed from statistical analysis. While a more limited sample was used to address 

limitations resulting from the discontinuation rule, the cut-off point of five RR test items 

was selected somewhat arbitrarily. This cut-off point ensured a minimum number of RR 

items for the ratio correct calculations while maintaining a relatively large sample size. 

However, using an arbitrary cut-off point is not ideal. Finally, it is worth noting that, in 

some cases, VPM and RR cannot completely be teased apart. Some test items contain 

aspects of both VPM and RR, making them difficult to categorize. It is possible that, for 

such items, some participants might use a VPM strategy to form a solution, while other 

participants might use a RR strategy. See Figures 3.1 and 3.2 for examples of such test 

items. For this study, items that had elements of both VPM and RR were considered 

relational reasoning test items as this is the more complex process.  

Conclusions  

 The present study examined the relationship between cognitive reserve, baseline 

naming ability, and response to naming treatment. Results from this study provide limited 

evidence of a relationship between baseline cognitive reserve and response to naming 

treatment, and there is no evidence to suggest that cognitive reserve impacts treatment 

response in terms of specific error types. Future research would benefit from further 

examining the impact of additional measures of nonlinguistic cognition, including 

attention, executive function, and memory on naming treatment. Another direction would 

be to examine the relationship between nonlinguistic cognition and aphasia type-specific 

profiles of linguistic and cognitive deficits that could impact aphasia treatment outcomes. 

Future studies could also examine behavioral and neuroimaging data to gain a clearer 

understanding of the interaction between linguistic and nonlinguistic cognition.
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