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ABSTRACT 24 

 25 

Objective: To determine if pre-treatment non-linguistic cognition predicted language treatment 26 

outcomes and if so, which specific non-linguistic cognitive subskills predicted naming therapy 27 

outcomes. 28 

Design: Retrospective  29 

Setting: Research clinic 30 

Participants: Study 1 included data from 67 persons with aphasia who underwent language 31 

treatment and a pre-treatment cognitive-linguistic assessment battery. Study 2 included data from 32 

27 Study 1 participants who completed additional pre-treatment non-linguistic cognitive 33 

assessments. 34 

Interventions: 120-minute sessions of sentence comprehension (n=26) or naming treatment (n= 35 

41) 2x/week for up to 10-12 weeks 36 

Main Outcome Measure(s): Proportion of potential maximal gain (i.e. PMG; assessed 37 

immediately after treatment [10-12 weeks]; formula = mean post-treatment score – mean pre-38 

treatment score/total number of trained items – mean pre-treatment score) and proportion of 39 

potential maximal gain maintained (i.e., PMGM; assessed 12 weeks after post-treatment [22-24 40 

weeks]; formula = mean maintenance score – mean pre-treatment score/total number of trained 41 

items – mean pre-treatment score) as outcome variables; and pre-treatment assessment scores as 42 

predictor variables.  43 

Results: In study 1, 37% participants demonstrated non-linguistic cognitive deficits. Principal 44 

component analyses reduced assessment data to two components: linguistic and non-linguistic 45 

cognition. Backward elimination regression revealed that higher linguistic and non-linguistic 46 
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cognitive function significantly predicted higher PMG after language therapy. In study 2, 47 

principal component analysis of only the non-linguistic cognitive measures identified three 48 

components: executive function, verbal short-term memory and visual short-term memory. 49 

Controlling for pre-treatment apraxia of speech and auditory comprehension deficits, regression 50 

analyses revealed that higher executive function and visual short-term memory significantly 51 

predicted higher PMG and PMGM after naming therapy.  52 

Conclusions:  53 

Pre-treatment non-linguistic cognitive function significantly influenced language treatment 54 

outcomes and maintenance of therapy gains.  55 

 56 

Keywords: aphasia, cognition, rehabilitation, speech therapy 57 

Abbreviation List:  58 

Proportion of potential maximal gain (PMG)  59 

Proportion of potential maximal gain maintained (PMGM) 60 
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Approximately one-third of stroke survivors present with aphasia,1 a communication 67 

disorder traditionally described as impacting language while sparing non-linguistic cognitive 68 

abilities. Language processing certainly requires integrating linguistic skills with non-linguistic 69 

abilities, such as attention, memory, and executive function.2 Some investigators3 have suggested 70 

that language impairments in persons with post-stroke aphasia stem from misallocated non-71 

linguistic cognitive resources rather than damaged linguistic representations. Previous evidence 72 

reveals that some persons with post-stroke aphasia exhibit attention,4 verbal and visual short-73 

term memory5,6 and/or executive function impairments.7,8  74 

While speech-language therapy has been shown to be effective for improving language 75 

functions,10 not all individuals respond to treatment. Recent studies11,12 have posited that non-76 

linguistic cognitive deficits may explain treatment response variability in aphasia.13  Both pre-77 

treatment linguistic and non-linguistic cognitive skills influence therapy outcomes.14,15 However, 78 

evidence regarding the impact of specific non-linguistic cognitive abilities on language therapy 79 

success has been mixed. Specifically, pre-treatment executive function, verbal short-term 80 

memory, and visuospatial processing skills have been linked to treatment outcomes in some 81 

studies, but not others.6,15,15–20   82 

Non-linguistic cognition likely influences language rehabilitation outcomes for some 83 

persons with post-stroke aphasia, but to what extent remains unclear. Therefore, two 84 

retrospective studies were conducted with the following aims: 1) to ascertain the prevalence of 85 

non-linguistic cognitive deficits in persons with aphasia (n=67); 2) to investigate if pre-treatment 86 

non-linguistic cognitive skills predicted language gains following naming and sentence 87 

comprehension treatments; and 3) to determine which specific non-linguistic cognitive skills 88 

predicted naming therapy outcomes in a subsample of persons with aphasia (n=27). A 89 
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comparable analysis focused on sentence comprehension treatment outcomes could not be 90 

investigated in this retrospective study due to limited availability of specific cognitive 91 

assessment data for patients who received sentence treatment. 92 

 93 

METHODS – Study 1 94 

 95 

All data for both studies were collected from participants recruited to a research clinic for 96 

therapy studies from 2009-2017. Therapy study procedures were approved by the university’s 97 

Institutional Review Board. See Figure 1 for a flow chart of the current study’s methods and 98 

analyses. Refer to Supplementary Material for descriptions and normal cut-off scores for 99 

assessments.   100 

Sixty-seven persons with post-stroke aphasia (44 male; mean age=60.90; mean months 101 

post onset=53.58) were included in this study (see Table 1). Participants received language 102 

therapy (i.e., naming or sentence comprehension) for 120-minute sessions twice weekly for 10-103 

12 weeks in one of four studies and were administered a standardized cognitive-linguistic 104 

assessment battery. Individuals from these studies were enrolled in the present study if they 105 

completed the pre-treatment assessments and underwent the prescribed treatment protocol, 106 

excluding the possibility for missing data. 107 

Before treatment, all participants were administered the following standardized 108 

assessments: Western Aphasia Battery-Revised21 to assess language function, the Boston Naming 109 

Test22 to measure verbal naming, the Cognitive-Linguistic Quick Test23 to assess cognitive-110 

linguistic function, and the Pyramids and Palm Trees Test24 to measure semantic processing.   111 

Data Analysis 112 
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First, to assess the prevalence of non-linguistic cognitive impairment, the number of 113 

participants with Cognitive Linguistic Quick Test Visuospatial Skills domain scores (i.e., 114 

composite of symbol cancellation, symbol trails, design memory, mazes and design generation 115 

tasks) below normal limits was calculated. These tasks include simple verbal and written 116 

directions with demonstrations and/or practice items to support task comprehension. 117 

Per aim 2, to quantify treatment-related language improvement, individual proportion of 118 

potential maximal gain scores (PMG)15 were calculated for each participant based on the pre- and 119 

post-treatment assessments of their trained item sets as follows: 120 
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PMG, an alternative to relative change, reflects the magnitude of change while considering the 121 

number of items the participant could already name and/or comprehend at pre-treatment. It was 122 

utilized to standardize the amount of change across the four treatment studies contributing data to 123 

the analysis since all participants within a single study were trained on the same number of 124 

items/structures during therapy, but different studies trained different numbers of items. Data 125 

used in these analyses were derived from multiple baseline single-subject design studies; thus, 126 

participants were assessed on their trained items multiple times at each timepoint, and the 127 

timepoint average was used in the formula described above. Trained items included the items 128 

and/or structures targeted during therapy. See Supplementary Material for individual 129 

participants’ scores.  130 

Eighteen pre-treatment standardized test sub-scores were identified as potential predictors 131 

of PMG (see Table 1). A principal component analysis with varimax rotation was performed to 132 

reveal the data structure. Component subscores were extracted for each participant and entered 133 

into a backward elimination linear regression with age and treatment type (i.e., naming or 134 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
4 

 

 

sentence comprehension). Two- and three-way interactions between each component score and 135 

the demographic variables were modeled as potential predictors of PMG. 136 

 137 

RESULTS – Study 1 138 

 139 

Aim 1: What is the prevalence of non-linguistic cognitive deficits in persons with post-140 

stroke aphasia?  141 

According to the Cognitive Linguistic Quick Test Visuospatial Skills domain scores (i.e., 142 

metric of non-linguistic cognitive function; includes symbol cancellation, symbol trails, design 143 

memory, mazes, design generation tasks), 37.31% of participants scored below normal limits 144 

(i.e., normal cutoff for ages 18-60: < 78%; for ages 70-79: <59%). 145 

Aim 2: Are non-linguistic cognitive skills predictive of language therapy outcomes?  146 

Participants achieved an average PMG of 53% in the target skill (i.e., naming items, or 147 

comprehending sentence structures), indicating that they acquired approximately half of the 148 

items/structures on which they were incorrect at pre-treatment (see Table 1).  149 

The principal component analysis, explaining 71% of the variance, revealed two 150 

components. Based on a criterion of a component loading of .5 or greater (see Table 2), 151 

component one consisted of all of the Western Aphasia Battery-Revised subscales and Cognitive 152 

Linguistic Quick Test subtests that involved overt linguistic processing, the Boston Naming Test 153 

and the Pyramids and Palm Trees Test. Component two included the Western Aphasia Battery-154 

Revised subscale involving reasoning and problem-solving, subtests of the Cognitive Linguistic 155 

Quick Test measuring nonlinguistic cognition, and the Pyramids and Palm Trees Test. Thus, the 156 

assessment data were reduced to two distinct components: linguistic and non-linguistic 157 
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cognition. Of note, the Pyramids and Palm Trees Test loaded strongly on both the linguistic (.52) 158 

and on the non-linguistic cognitive factor (.62). As this assessment measures both conceptual 159 

reasoning (non-linguistic cognition) and semantic access (linguistic cognition), a decision was 160 

made to retain it as a complex variable (i.e., contributes to both linguistic and non-linguistic 161 

component loadings). 162 

The backward elimination regression analysis (n = 67) predicting PMG resulted in a 163 

significant best-fit model, explaining 58% of the variance. It included the linguistic component, 164 

non-linguistic cognitive component, treatment type, age, the interaction of the non-linguistic 165 

cognitive component with treatment type, and the interaction of the linguistic component with 166 

age, F(6,55)=12.48, p<.001. The linguistic (�= .49, SE=.16, t=3.08, p<.01) and the non-linguistic 167 

cognitive components (�= .42, SE=.10, t=4.07, p<.001) were both significant, with one-point 168 

increases predicting increases in PMG of .49 and .42, respectively. The non-linguistic cognitive 169 

component-by-treatment type interaction was also significant (�= -.23, SE=.07, t=-3.42, p<.001). 170 

Thus, pre-treatment non-linguistic cognitive skills were more influential for naming treatment 171 

than for sentence comprehension treatment. 172 

 173 

METHODS – Study 2 174 

 175 

Building on Study 1’s findings, a second study was conducted to identify which specific 176 

cognitive subskills influenced treatment outcomes in a subset of 27 participants from Study 1 177 

who received a semantic-based naming treatment and more extensive cognitive assessment. In 178 

addition to Study 1’s assessments, these participants were given the following non-linguistic 179 

cognitive assessments before treatment: the Wechsler Adult Intelligence Scale Digit Span 180 
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Forward25 and Backward to measure verbal short-term memory; the Visual Recognition subtest 181 

of the Doors and People Test26 and the Corsi block-tapping test27 to measure visual short-term 182 

memory; and two visuospatial tasks (i.e., Geometric Matching and Inclusion). While the Digit 183 

Span tasks required participants to repeat numbers and may have involved linguistic 184 

processing,28 they also required participants to temporarily maintain and manipulate information 185 

and are traditionally used to assess non-linguistic cognitive skills, such as attention and short-186 

term memory. Thus, they will be referred to as non-linguistic cognitive tasks in this study to 187 

distinguish them from traditional language tasks (e.g., Boston Naming Test/lexical retrieval). 188 

Additionally, participants’ naming ability on trained items was assessed before treatment, 189 

immediately following the treatment phase (i.e., 12 weeks after pre-treatment assessment), and 190 

12 weeks after the treatment phase ended (i.e., 24 weeks after pre-treatment assessment). 191 

Data Analysis 192 

PMG14,15 was used to capture therapy-related naming gains (i.e., 12 weeks after pre-193 

treatment assessment). Proportion of potential maximal gain maintained (PMGM) was used to 194 

assess therapy-related naming gains maintained (i.e., 12 weeks after post-treatment assessment). 195 

It was calculated using the average score from the maintenance timepoint instead of post-196 

treatment averages for 24 participants, as only 24/27 participants had completed follow-up 197 

testing at the time of analysis. 198 

Scores on the non-linguistic cognitive assessment battery described above and scores on 199 

the tests that contributed to the non-linguistic cognitive component in Study 1 were entered into 200 

a principal component analysis to reduce the number of predictor variables. The participant-to-201 

variable ratio of 1.93 may have resulted in an under-powered analysis; thus, two alternative 202 
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analyses were conducted to compensate for this potential limitation. The results were largely 203 

consistent with those presented below and are available in the Supplementary Material.   204 

Individual component scores derived from the principal component analysis were 205 

extracted for all 27 persons with aphasia and entered into two backward elimination linear 206 

regressions, one predicting PMG and one predicting PMGM. To account for the potential 207 

influence of pre-treatment apraxia of speech29 and/or auditory comprehension impairment30 on 208 

participants’ non-linguistic cognitive performance, the total sum of diadochokinetic productions 209 

and Western Aphasia Battery-Revised auditory verbal comprehension sub-scores were entered as 210 

regressors into two backward elimination models with the individual component scores.  211 

 212 

RESULTS – Study 2 213 

 214 

Aim 3: Which specific non-linguistic cognitive skills predict naming recovery? 215 

In this sub-sample (n=27), naming treatment resulted in average PMG of about 44%, as 216 

shown in Table 1. Average proportion of PMGM was about 34%.   217 

The principal component analysis revealed three components that explained 64% of the 218 

variance in the data. Tests with loadings of  ≥ .5 for a component were considered to characterize 219 

the components according with specific neuropsychological constructs.31 Component one 220 

primarily represented executive function, component two reflected visual short-term memory, 221 

and component three comprised verbal short-term memory. See Table 3 for test loadings for each 222 

component. 223 

The best-fit regression model significantly explained 56% of the variance in PMG 224 

(n=27), F(3,23)=9.83, p<.001. While executive function was retained in the model, only visual 225 
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short-term memory and verbal short-term memory were significant predictors, with one-point 226 

increases predicting increases in PMG of .17 (p=.003) and .20 (p<.001), respectively. 227 

For PMGM (n=24), the best-fit regression model explained 61% of the variance in 228 

treatment gains maintained, F(3,23)=12.23, p<.001. Once again, although executive function 229 

remained in the model, only visual short-term memory and verbal short-term memory were 230 

significant predictors with one-point increases in each predicting increases in PMGM of .13 231 

(p<.01) and .18 (p<.001), respectively. In other words, patients with higher pre-treatment visual 232 

short-term memory and verbal short-term memory skills responded more favorably to semantic-233 

based treatment--both in terms of immediate and maintained gains--than those with lower pre-234 

treatment skills in these domains.    235 

Yet, these findings must be considered in the face of the challenges associated with non-236 

linguistic cognitive assessment in this population9 (e.g., repetition, lexical retrieval, and/or motor 237 

speech impairments may impact verbal short-term memory assessment; presence of hemiplegia 238 

and use of non-dominant hand may influence reaction time and/or quality of motor/written 239 

response, and visual deficits may affect visually-presented stimulus processing). Thus, two 240 

additional backward stepwise regression analyses were conducted to predict PMG and PMGM 241 

using executive function, visual short-term memory, and verbal short-term memory, while 242 

controlling for pre-treatment apraxia of speech and auditory comprehension impairment. The 243 

model predicting PMG (n=27) explained 57% of the variance (adjusted R2), F(4,22) = 9.7,  p < 244 

.001. All variables were retained in the final model, but only executive function, visual short-245 

term memory and auditory comprehension were significant predictors, with one-unit increases in 246 

each ability predicting .29 (p<.05), .30 (p<.05), and .41 (p <.05) increases in PMG, respectively. 247 

In the backward stepwise regression model predicting proportion of PMGM (n=24), the best-fit 248 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
9 

 

 

model significantly explained 62% of the variance (adjusted R2), F(2,21)= 9.19, p<.001. As with 249 

PMG, all variables remained in the final model, yet only executive function and visual short-term 250 

memory were significant predictors, with one-unit increases predicting increases in PMGM of 251 

.28 (p< .05) and .33 (p<.05), respectively.  252 

These final analyses indicate that the digit span forward and backward tasks used in this 253 

study may have been capturing speech production ability as opposed to verbal short-term 254 

memory. Furthermore, non-linguistic cognitive task performance did not appear to be 255 

significantly influenced by auditory comprehension difficulty.30 The initial finding that verbal 256 

short-term memory was predictive of naming treatment outcomes was dampened, yet executive 257 

function and visual short-term memory were indeed influential of immediate semantic-based 258 

treatment success and longer-term maintenance of gains. 259 

 260 

DISCUSSION 261 

 262 

The analyses conducted in this study revealed a number of interesting relationships 263 

between aphasia, non-linguistic cognition, and treatment outcomes. First, we found that 37.31% 264 

of the participants exhibited non-linguistic cognitive deficits. Next, we found that pre-treatment 265 

standardized cognitive-linguistic assessment battery scores loaded onto two construct-specific 266 

factors: linguistic and non-linguistic cognition. Both factors predicted the magnitude of 267 

treatment-related change in sentence comprehension or naming. Additionally, there was an 268 

interaction between non-linguistic cognitive factors and treatment type, in that pre-treatment 269 

non-linguistic cognitive skills contributed less to sentence comprehension treatment than naming 270 

therapy outcomes. Finally, given the relationship between pre-treatment non-linguistic cognition 271 
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and naming treatment response, we investigated this association further in 27 persons with 272 

aphasia, who had undergone additional pre-treatment non-linguistic testing. Executive function 273 

and visual short-term memory significantly predicted improvements immediately after treatment 274 

and gains maintained 12-weeks after stopping treatment.  275 

Critically, study 1 revealed that assessment tasks commonly used in aphasia rehabilitation 276 

could be separated into two constructs, both of which were independently influential for 277 

language therapy success. While linguistic cognition was a stronger predictor than non-linguistic 278 

cognition, baseline non-linguistic cognition also predicted treatment gains. Consistent with 279 

previous work,14 these findings highlight the importance of non-linguistic cognitive skills in 280 

treatment management for individuals with aphasia. On closer inspection of the data, the 281 

interaction between treatment type and non-linguistic cognitive function may have been driven 282 

by a higher percentage of participants in the sentence comprehension group (46.2%) with non-283 

linguistic cognitive scores below normal limits than in the naming treatment group (31.7%), 284 

although this interpretation warrants further investigation.  285 

Compelled by study 1’s results, study 2 investigated which non-linguistic cognitive 286 

subskills predicted semantic-based naming treatment outcomes. Based on prior work, it should 287 

not be surprising that specific non-linguistic cognitive abilities such as executive function,15–17 288 

and visual short-term memory6 influenced naming therapy outcomes and maintenance of gains in 289 

this study. Semantic-based naming treatment steps required participants to integrate linguistic 290 

and non-linguistic skills. Executive function skills were likely employed by successful 291 

participants in different ways, such as when learning features of target items, initiating naming 292 

responses and self-correcting errors. Furthermore, participants may have relied on visual short-293 
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term memory to retain physical details of the pictured items they were trained to name and 294 

distinguish them from other items.  295 

Based on these findings, pre-treatment non-linguistic cognitive skills were predictive of 296 

language therapy outcomes and, specifically, executive function and visual short-term memory 297 

were associated with naming treatment outcomes and maintenance of gains after a 12-week no-298 

treatment phase. These findings and others14,15 emphasize that some of the heterogeneity seen in 299 

treatment response for persons with post-stroke aphasia may be explained by differences in pre-300 

treatment non-linguistic cognition  301 

There are several avenues for further research in this area. While targeting non-linguistic 302 

cognition has been shown to be effective for improving linguistic skills, 32 these studies had 303 

relatively small sample sizes and focused on the benefits of specific subskills. Future studies 304 

should investigate the effects of comprehensive non-linguistic cognitive rehabilitation on 305 

language recovery with larger participant samples. Another option is to evaluate non-linguistic 306 

cognitive skill improvement after language treatment, which has been studied less frequently,33 307 

and would shed light on the relationship between linguistic and non-linguistic cognition. Lastly, 308 

it will be important to assess the benefit of simultaneous treatment of these processes and 309 

whether they co-improve with the ultimate goal of developing integrated cognitive-linguistic 310 

approaches to aphasia rehabilitation.      311 

Study Limitations 312 

The findings may have been impacted by sample size (i.e., underpowered principal 313 

components analyses), especially in study 2 (n = 27). Nonetheless, the reported findings were 314 

supported by supplemental analyses. Furthermore, there are currently no gold standard 315 

assessments for assessing non-linguistic cognition in aphasia. 30 Thus, participants’ performance 316 
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on some non-linguistic cognitive assessments used in the present study may have been 317 

negatively impacted by speech (e.g., apraxia of speech may have influenced accurate production 318 

on digit span tasks), language (e.g., auditory comprehension may have hindered understanding 319 

instructions), or motor impairment (e.g., hemiplegia may have affected pen and paper timed 320 

tasks).   321 

 322 

CONCLUSIONS 323 

 324 

Consistent with emerging evidence, roughly 37.31% of individuals with chronic post-325 

stroke aphasia in this study presented with concomitant non-linguistic cognitive deficits. Pre-326 

treatment linguistic and non-linguistic cognitive abilities were predictive of language treatment 327 

outcomes. Participants with higher pre-treatment executive function and visual short-term 328 

memory skills demonstrated higher naming accuracy both immediately after semantic-based 329 

naming treatment and 12 weeks after treatment terminated.  330 

 331 

 332 

 333 

 334 

 335 

 336 

 337 

 338 

 339 
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Figure Legend 429 

Figure 1. Flow chart of study 1 and 2  Note: Data from 27 participants in Study 1 who had 430 

undergone naming therapy were used in Study 2. No participants who had undergone sentence 431 

comprehension therapy were included in Study 2. 432 
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Table 1. Participant demographics, pre-treatment cognitive-linguistic assessment scores, and treatment-related 
improvement scores (i.e., Proportion of potential maximal gain [PMG] and proportion of potential maximal 
gain maintained [PMGM]) 
Construct/Test   Study 1 Study 2 
Sample size  67(44 male) 27(17 male) 

Age (years) Mean±SD 
Range 

60.90±12.55 
26-87 

62.71±10.31 

43-79 

Months Post Onset Mean±SD 
Range 

53.58±47.78 
5-166 

54.49±51.92 
8-165 

Aphasia Types (n 
per type) 

Global 
Broca’s 
Transcortical Motor  
Transcortical Sensory 
Wernicke’s 
Conduction 
Anomic 
Unable to be classified 
 

1 
19 
2 
0 
7 
5 
31 
2 
 

1 
9 
1 
0 
2 
2 
11 
1 

   Pre-treatment 
Mean±SD 

Western Aphasia 
Battery-Revised 

Aphasia Quotient 
Language Quotient  
Spontaneous Speech* 

Auditory Verbal Comprehension* 
Repetition* 
Naming and Word Finding* 
Reading* 
Writing* 
Constructional, Visuospatial, Calculation* 

Block Design† 
Raven’s Colored Progressive Matrices† 

65.43±25.59 
66.02±23.94 
62.91±28.27 
77.37±18.14 
61.88±32.05 
62.06±31.06 
70.54±23.41 
57.70±29.74 
74.77±18.05 
 

58.85±25.66 
59.81±23.80 
55.74±27.23 
73.22±20.46 
55.56±32.69 
54.00±31.32 
65.48±23.99 
49.83±28.90 
74.26±16.78 
81.48±23.27 
74.37±16.97 

Cognitive 
Linguistic Quick 
Test 

Composite Severity 
Personal Facts* 
Symbol Cancellation*† 
Confrontation Naming* 
Story Retelling* 
Symbol Trails*† 
Generative Naming* 
Design Memory*† 
Mazes*† 
Design Generation*† 

71.49±19.37 
68.66±40.67 
75.75 ±37.96 
71.87±36.14 
38.21±24.12 
79.85±27.05 
26.53±18.45 
83.83±16.91 
72.29±33.11 
42.59±17.27 

68.15±18.56 
52.31±43.31 
70.99±39.72 
63.89±37.06 
31.11±21.90 
81.85±24.03 
23.05±19.23 
87.65±14.32 
74.77±33.63 
40.17±18.64 

 Boston Naming Test* 46.04±35.56 36.92±35.52 

Pyramid and Palm Trees Test*† 88.55±10.24 88.03±9.13 

Corsi block-tapping test†  53.17±16.01 

Digit span forward†  23.15±19.90 

Digit span backward†  12.43±13.08 

Doors visual recognition†  60.80±17.46 

Geometric inclusion†  88.52±13.57 

Geometric matching†  88.15±7.49 

Diadochokinetic score (total produced)  54.41±26.26 
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Treatment Type Naming 
Sentence Comprehension 

41 
26 

27 
 

Baseline screener 
accuracy 

Naming 
Sentence Comprehension 

24.19±21.70 
35.97±20.77 

27.94±22.02 

Proportion of 
potential maximal 
gain (PMG) 

Mean±SD 
Range 

.53±.35 
-.18–1.00 

.44±.38 
-.07–1.00 

Proportion of 
potential maximal 
gain maintained 
(PMGM) 

Mean±SD 
Range 

 .34±.31 
-.06–.82 

Note: * = test included in principal component analysis for Study 1 † = test included in principal component 
analysis  for Study 2  All pre-treatment assessment scores except Western Aphasia Battery-Revised Aphasia 
and Language Quotients reflect group-level percent correct (Mean±SD). The Aphasia and Language Quotients 
are weighted sums on a scale from 0-100, with higher scores suggesting more intact language function. While 
both metrics reflect overall language function, the Aphasia Quotient emphasizes auditory comprehension and 
verbal expression ability, whereas the Language Quotient generally highlights reading comprehension and 
written expression ability. Of note, the WAB summary scores were calculated as follows: Spontaneous Speech: 
XX/20; Auditory Verbal Comprehension:  XX/200; Repetition:  XX/100; Naming and Word Finding: XX/100; 
Reading: XX/100; Writing: XX/100; Constructional, Visuospatial, Calculation: XX/100; Block Design: XX/9; 
and Raven’s: XX/37. Proportion of potential maximal gain (PMG; assessed immediately after treatment phase 
ends [10-12 weeks after pre-treatment]) was calculated as follows: mean post-treatment trained item score – 
mean pre-treatment trained item score divided by total number of trained items – mean pre-treatment trained 
item score. Proportion of potential maximal gain maintained (PMGM; assessed 12 weeks after treatment phase 
ends [22-24 weeks after pre-treatment]) used the same formula, but mean post-treatment trained items score 
was replaced with mean maintenance trained items score. These metrics reflect the amount of improvement 
from pre- to post-treatment timepoints, while accounting for the participants’ ability at baseline. They are the 
only scores in this table that incorporate post-treatment data. All other scores reflect the pre-treatment 
timepoint only. Diadochokinetic score was used to capture pre-treatment apraxia of speech. 
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Table 2. Principal component loadings from full sample (n=67)  

Test/Subtest Component 1 Component 2 
Cognitive Linguistic Quick Test   

Personal Facts .89 .05 
Symbol Cancellation .10 .53 
Confrontation Naming .89 .18 
Story Retelling .83 .14 
Symbol Trails .26 .79 
Generative Naming .79 .28 
Design Memory .26 .62 
Mazes -.09 .82 
Design Generation .08 .65 

Western Aphasia Battery-Revised   
Spontaneous Speech .87 .21 
Auditory Verbal Comprehension .82 .21 
Repetition .88 .12 
Naming and Word Finding .96 .17 
Reading .89 .22 
Writing .79 .42 
Construction, Visuospatial, Calculation .42 .79 

Pyramids and Palm Trees Test .52 .62 

Boston Naming Test .88 .25 

Component Construct  Language Component  Cognitive Component 
Bold values indicate the component on which each test loads (i.e., component loadings ≥ .50). Pyramids and Palm 
Trees Test loaded above .50 on both components and was retained as a complex variable (i.e., contributes to both 
components when individual subject loadings are extracted). 
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Table 3. Principal component analysis component loadings from subsample (n=27) 

Test/Subtest Component 1 Component 2 Component 3 
Cognitive Linguistic Quick Test    

Symbol Cancellation 0.19 0.72 0.11 
Symbol Trails 0.73 0.29 0.19 
Design Memory 0.29 0.69 0.02 

Mazes 0.71 0.15 -0.20 

Design Generation 0.73 0.15 0.04 

Western Aphasia Battery-Revised    
Block Design 0.72 0.29 0.22 
Raven’s Coloured Progressive Matrices 0.75 0.32 0.15 

Pyramids and Palm Trees Test 0.66 0.16 0.46 

Corsi 0.17 0.72 0.11 

Digit Span Forward 0.11 0.16 0.90 

Digit Span Backward 0.11 0.04 0.90 

Doors Visual Recognition 0.53 0.46 -0.13 

Geometric Matching 0.12 0.78 0.18 

Geometric Inclusion 0.78 0.06 0.39 

Component Construct 
Executive 
Function 

Visual  Short-
term Memory 

Verbal Short-
term Memory 

Bold values indicate the component on which each test loads (i.e., component loadings ≥ .05). 
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