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Abstract

Objective: To establish benchmarks of significant change for aphasia rehabilitation outcome 

measures (i.e., Western Aphasia Battery-Aphasia Quotient [WAB-AQ], Communicative 

Effectiveness Index [CETI], Boston Naming Test [BNT]) and assess if those benchmarks 

significantly differed across subgroups (i.e., time post onset, dose frequency, treatment type).

Data Sources: A comprehensive literature search of 12 databases, reference lists of previous 

reviews, and evidence-based practice materials was conducted.

Study Selection: Randomized-controlled trials, quasi-experimental studies, single-subject 

design, and case studies that used a standardized outcome measure to assess change were 

included. Titles and full-text articles were screened using a dual review process. 78 studies met 

criteria for inclusion.

Data Extraction: Data were extracted independently and 25% of extractions were checked for 

reliability. All included studies were assigned quality indicator ratings and an evidence level.

Data Synthesis: Random-effects meta-analyses were conducted separately for each study 

design group (i.e., within/between group comparisons). For within group designs, the summary 

effect size after aphasia rehabilitation was 5.03 points (95% confidence interval: 3.95-6.10, p < .

001) on the WAB-AQ, 10.37 points (6.08-14.66, p < .001) on the CETI and 3.30 points (2.43-4.18, 

p < .001) on the BNT. For between group designs, the summary effect size was 5.05 points 

(1.64-8.46, p = .004) on the WAB-AQ, and .55 points (−1.33, 2.43, p = .564) on the BNT, the latter 

of which was not significant. Subgroup analyses for the within group designs showed no 

significant differences in the summary effect size as a function of dose frequency, or treatment 

type.

Conclusions: This study established benchmarks of significant change on three standardized 

outcome measures used in aphasia rehabilitation.
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Thirty to forty percent of stroke survivors experience aphasia.1 While numerous systematic 

reviews and meta-analyses have demonstrated aphasia rehabilitation efficacy,2,3 none have 

provided the average significant change, or summary effect size (ES) by outcome measure, a 

valuable metric for practitioners and researchers. Robey’s hallmark meta-analyses2,4,5 

showed a positive aphasia treatment effect, but were segregated by study design and focused 

on identifying the effect size for different conditions (e.g., treated vs untreated recovery). 

Similarly, the most recent Cochrane review3 demonstrating speech therapy efficacy, 

synthesized data from randomized controlled trials only, excluding a wealth of aphasia 

treatment data. Furthermore, effect sizes were represented as standardized mean differences 

for specific behaviors (e.g., verbal expression), not for specific outcome measures (e.g., 

Western Aphasia Battery-Aphasia Quotient6 [WAB-AQ]).

Another option is to synthesize results by outcome measure to obtain a summary ES (i.e., 

raw unstandardized mean difference),7 which can be used to interpret meaningful change on 

a specific assessment post-treatment. Clinicians and researchers frequently utilize standard 

error of measurement (SEM) to interpret a test score’s meaningfulness after intervention. 

However, summary ES is a more appropriate metric. It reflects the treatment effect’s size7 

and can be used to interpret group data, as opposed to SEM, which is more relevant for 

interpreting individual scores.8

Numerous aphasia assessment instruments exist9 for assessing impairment (i.e., Body 

Structure/Function), functional communication (i.e., Activity/Participation), psychosocial 

functioning (i.e., Contextual Factors) and well-being (i.e., Quality of Life [QOL]). It is not 

surprising then that practicing speech-language pathologists10–12 and researchers13,14 use 

measures inconsistently making synthesis and comparison across trials challenging.

Wallace and colleagues proposed a core outcome set (COS)13,15–18 for aphasia, specifying a 

minimum set of outcomes that should be administered to persons with aphasia as standard 

practice (i.e., WAB, The Scenario Test, General Health Questionnaire-12, SAQOL-39g) to 

increase consistency. Yet, the summary ES for these measures remains unknown. Given the 

potential benefits to clinical and research practice, a systematic review of behavioral aphasia 

intervention studies with meta-analyses was conducted with two aims: 1) To calculate the 

summary ES reported on the most frequently-used and relevant outcome measures; and 2) 

To determine if the summary ES significantly differed across subgroups for each outcome 

measure (i.e., time post onset, dose frequency, treatment type).

METHODS

This study followed the Preferred Reporting Items for Systematic Review and Meta-

analyses: the PRISMA Statement19 guidelines and was registered at the International 

prospective register of systematic reviews, PROSPERO, under the identification number 

CRD42016039393.

Inclusionary Criteria

Randomized-controlled, quasi-experimental, single-subject design, and case studies with an 

n ≥ 3 were included if they (1) assessed the effect of a behavioral aphasia intervention and 
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(2) used a standardized outcome measure to evaluate change post-treatment as compared to 

pre-treatment (i.e., data from two time points).

Literature search

The following databases: PubMed, EMBASE, CINAHL, PsycINFO, SpeechBite, LLBA, 

PLoS, Worldcat, Web of Science, Ageline, Scopus, and Google Scholar were searched (see 

Supplementary Material 1 for sample search strategy) from 5/24/2016-08/26/2016. 

Reference lists of relevant systematic reviews, meta-analyses and professional organization 

materials were reviewed. Search terms were modified to meet each database’s requirements. 

Grey literature was removed during screening. All citations were managed using Zotero20 

and exported to Excel for screening and data extraction.

Study Selection and Data Extraction

Two reviewers (first two authors) independently screened 9,285 titles and abstracts against 

inclusionary criteria (96% inter-reviewer reliability). Full-text articles were obtained for 

records that met all criteria. Both reviewers screened 858 full-text articles against the 

inclusionary criteria (90% inter-reviewer reliability). Disagreements were resolved through 

discussion and searching the full-text. Study exclusion rationale was documented (Figure 1). 

When results from the same dataset were included in multiple publications, only the 

publication with the greatest sample size was included. Both reviewers extracted the 

following data from the full-text: the standardized outcome measure used to measure 

intervention-related change, presence/absence of data from two time points, study design, 

sample size, testing time points, and population treated (i.e., stroke survivors and/or 

caregivers).

The number of studies using each standardized outcome measure was calculated. Based on 

the measure’s use frequency (Supplementary Material 2), field relevance (i.e., part of 

aphasia COS), and disability domain 21,22 measured (i.e., Body Structure/Function, Activity/

Participation, Contextual Factors and/or QOL), the WAB-AQ, the Communicative 

Effectiveness Index23 (CETI) and the Boston Naming Test24 (BNT) were chosen for meta-

analysis. To have a power of .80 to detect an effect size of ≥.50 using a random-effects 

model, outcome measures with cumulative sample sizes across within group studies < than 

100 were excluded and/or if the measure was used in less than < 10 studies.25 The 

contextual factor and QOL COS measures were excluded from meta-analysis because 1) the 

12-item General Health Questionnaire was only used in 1 study and 2) sensitivity to change 

had already been established26,27 for the Stroke and Aphasia Quality of Life Scale-39. 78 

studies met eligibility for meta-analysis. Both reviewers extracted the following data from 

these studies: age, sex, aphasia type and severity, time post onset, treatment type and 

description, session length, weekly session frequency, testing time points, treatment length, 

pre- and post-treatment test score correlation, and pre- and post-treatment mean (SD) on the 

WAB-AQ, CETI and/or BNT.

Studies were classified as including an acute (i.e., < 6 months post stroke onset) or chronic 

sample; providing a lower dose frequency (i.e., ≤ 4 hours/week) or a higher dose frequency; 

and utilizing an impairment-based (i.e., treated discrete deficits), activity/participation-based 
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(i.e., targeted everyday communication) and/or integrated (i.e. combined impairment and 

activity/participation level approaches) treatment. According to Warren, Fey and Yoder, 

2007,28 dose frequency is the number of times an intervention was provided daily and 

weekly.

The same two reviewers responsible for screening divided the data extraction. Each reviewer 

extracted data for 25% of the others' studies (98% inter-reviewer reliability). Reviewers 

contacted original authors for additional data needed to calculate effect sizes as needed.

Quality Assessment

The same two reviewers independently appraised included studies’ quality using indicators 

identified by the American Speech-Language Hearing Association (ASHA) level of 

evidence scheme.29,30 See Supplementary Material 3 for quality indicator details. Quality 

indicator summative scores ≤ 1 for within group studies [Post-treatment Mean vs. Pre-

treatment mean for the same group] and ≤ 2 for between group studies [Experimental group 

Post-treatment Change vs. Control group Post-treatment Change] were excluded for poor 

quality. Reviewers assigned each study’s evidence level using ASHA31 guidelines originally 

proposed by the Scottish Intercollegiate Guidelines Network32 (i.e., IB: randomized 

controlled study; IIA: non-randomized controlled study; IIB: quasi-experimental study; III: 

non-experimental studies).

Data Analysis

Individual patient results from studies with sample sizes ≥ three were averaged to calculate a 

group mean and SD. Pre-post treatment correlation scores were calculated for studies 

providing individual subject data as follows: Pre-treatment SD + Post-treatment SD – 

Change SD/ 2 * Pre-treatment SD * Post-treatment SD.33 When it could not be computed, 

the average of the observed pre-post treatment correlation coefficients was used.34 For 

crossover designs, data were extracted after both treatment phases, as long as both involved 

the same treatment type (i.e., impairment, activity/participation and/or integrated). For the 

WAB-AQ within group analysis, a weighted mean and SD was calculated for the Cherney, 

2010 study as the published results were split by severity and for the Mozeiko et al., 2016 

study, data for the higher dose frequency and lower dose frequency groups were entered 

separately.

Meta-analyses were conducted independently for within and between group study designs to 

avoid methodological concerns involved in transforming to a common metric.35 After group 

averages were calculated for both time points, single-subject design and case study data 

were included in the within group meta-analyses.

Meta-analyses for each outcome measure for both study designs were performed using 

Comprehensive Meta-Analysis software.36 As heterogeneity between studies was 

anticipated, a random-effects model was used to combine individual study results into a 

summary ES (i.e., raw unstandardized mean difference). Raw unstandardized mean 

difference was calculated because clinicians and researchers interpret raw change on these 

outcome measures post-intervention, making this effect size inherently meaningful to the 

field.7 Q and I2 statistics were examined to determine the extent of any remaining 
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heterogeneity across studies. Even if the heterogeneity was low (i.e., non-significant and < 

75%), subgroup analyses were conducted to assess summary ES differences depending on 

recovery stage, treatment type, and dose frequency. Sub-group analyses were corrected for 

multiple comparisons using the Bonferroni correction method.

Subgroup Analyses

Although no significant heterogeneity was present in the overall summary ESs, subgroup 

analyses were performed to investigate for summary ES differences due to these variables. 

As > 5 studies per subgroup are required to conduct a valid subgroup analysis,7 the same 

subgroup analyses were not feasible for all outcome measures and study design groups. 

Subgroup analyses were conducted with the following variables, outcome measures, and 

study designs: 1) dose frequency for within group studies using the WAB-AQ, CETI, and 

BNT and 2) treatment type for within group studies using the WAB-AQ and BNT. No 

subgroup analyses were conducted to assess for differences in summary ES related to TPO 

as the nearly all of the within group studies included participants in the chronic phase. No 

subgroup analysis was conducted to assess for a difference in summary ES according to 

treatment type for within group studies using the CETI, or any of the between group study 

designs as there were < 5 studies in each subgroup.

Funnel plots for meta-analyses including > 10 studies were examined for asymmetry (i.e., 

within group meta-analyses only). Publication bias was objectively assessed using Begg and 

Mazumdar rank correlation, Egger’s regression intercept and Duval and Tweedie’s Trim and 

Fill.7

RESULTS

Aim 1: What is the summary ES post-therapy on three commonly-used outcome measures 
in aphasia rehabilitation?

Study Identification/Description.—78 studies met criteria for inclusion in the meta-

analyses (i.e., within group: 70; between group: 8). Descriptive information and references 

for these studies can be found in Supplementary Materials 4 through 9.

Within group study designs.—Combining individual studies’ findings resulted in a 

significant summary ES indicating a positive treatment effect across all three outcome 

measures. On the WAB-AQ (53 studies, n = 522), the summary ES on the raw 

unstandardized mean difference was 5.03 points, (95% confidence interval [CI]: 3.95-6.10, p 
< .001). No significant heterogeneity was found (Q = 50.79, df = 52, p = .52; I2 = 0). The 

CETI summary ES (17 studies, n = 208), was 10.37 points (6.08-14.66, p < .001). No 

significant heterogeneity was found (Q = 16.47, df = 16, p = .42; I2 = 2.86). The summary 

ES for the BNT (36 studies, n = 347), was 3.30 points (2.43-4.18, p < .001). No significant 

heterogeneity was found (Q = 42.17; df = 35; p =.19; I2 = 17.01). See Figures 2 and 3 for 

forest plots depicting the variability across studies.

Publication bias for within group meta-analyses.—No marked asymmetry was 

noted in funnel plots for any of these meta-analyses (Supplementary Materials 10). For the 
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WAB-AQ, both the Egger’s regression intercept (B = 1.31, CI = (−.11, 2.72), t (51) =1.86, p 
= .04) and the Duval and Tweedie’s Trim and Fill (Observed point estimate = 5.03(3.95, 

6.10); Imputed point estimate = 5.88 (4.74, 7.02)) suggested the presence of publication bias 

for the WAB-AQ (i.e., missing positive studies). There was no significant presence of 

publication bias for the CETI meta-analysis (1-tailed p > .05). For the BNT, the Duval and 

Tweedie’s Trim and Fill revealed the presence of publication bias (Observed point estimate 

= 3.30(2.43, 4.18); Imputed point estimate = 2.97(2.02, 3.92)) (i.e., missing negative 

studies). In both cases where publication bias, was indicated, the SES shifted only minimally 

(i.e., < 1 point, within the confidence interval), verifying that the within group SESs reported 

for all three outcome measures are valid and can be utilized with confidence.

Between group study designs.—On the WAB-AQ (6 studies, Experimental n = 119; 

Control n = 99), the summary ES on the raw unstandardized mean difference between the 

experimental and control groups was 5.05 (1.64-8.46, p < .01). No significant heterogeneity 

was found (Q = 5.26, df = 5, p =.39; I2 = 4.87). No between-group meta-analysis was 

conducted for the CETI as only one publication using it to measure post-intervention change 

was identified. On the BNT (5 studies, Experimental n = 66; Control n = 35), the raw 

unstandardized mean difference between the experimental and control groups at post-

treatment was .55 (−1.33-2.43, p = .56). There was no significant heterogeneity between 

included studies (Q = .86, df = 4, p = .93; I2 = 0). See Figure 4 for forest plots that illustrates 

the variability across studies.

Publication bias for between group meta-analyses.—Due to the low sample size in 

the between group study design meta-analyses,37 funnel plots could not be validly assessed 

for the presence of publication bias.

Aim 2: Does the summary ES vary according to time post onset, dose frequency and/or 
treatment type?

There were no statistically significant differences between summary ESs for any of the 

within group study design subgroup analyses completed (i.e., dose frequency for WAB-AQ, 

CETI, and BNT; treatment type for WAB-AQ and BNT). See Table 1 for results and 

Supplementary Materials 11 for forest plots.

Quality Appraisal

For within group study designs, 73% of studies included in the meta-analyses were level III 

evidence,29,31 26% were IIB, and 1% were IIA. For between group study designs, 50% were 

classified as IB, 38% as IIA, and 13% as IIB level evidence. None of the 78 studies selected 

for meta-analysis were excluded from the analysis based on their quality, which is 

unsurprising as studies of poorer quality were likely excluded during the two initial 

screening phases. See Table 2 for summative quality indicator scores for both study designs. 

For within group studies, most studies had summative scores of 3, with higher scores 

indicating better quality. For between groups comparisons, the majority of studies using the 

WAB or BNT had summative scores of 7 or 5, respectively. Individual study ratings are 

included in Supplementary Materials 4-8. The percentage of studies meeting criterion for 

each specific quality indicator are available in Supplementary Material 12.
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DISCUSSION

This study established benchmarks for significant change on three outcome measures used in 

aphasia rehabilitation to assess severity, functional communication, and naming ability. 

Practitioners can use these metrics to objectively demonstrate improvement in their clients 

following treatment, an essential element of clinical practice that directly influences 

reimbursement and clients’ duration of services. Likewise, researchers can reference the 

reported summary ESs when quantifying change from experimental interventions, but also 

when conducting a priori power analyses for future studies. The latter analyses require 

estimating the effect size,38 which is not consistently reported in published aphasia treatment 

studies,39 further emphasizing the utility of this study’s benchmarks.

The relationship between the summary ESs established in this study and each outcome 

measure’s SEM must be discussed. WAB-AQ summary ESs (Within group: 5.03; Between 

group: 5.05), were equivalent to its SEM of 5, which has been framed as a metric of 

clinically meaningful improvement.40–42 On initial inspection, the adjacency of these two 

values suggests a diminished effect of aphasia rehabilitation as measured by the WAB-AQ. 

However, the seminal work of Hula, Donovan, Kendall & Gonzalez-Rothi, 2010,42 

demonstrating that the WAB-AQ’s SEM was actually closer to 2 for AQs between 28-68, but 

much higher (i.e., up to 12) for scores outside that range (i.e., AQs of 0-27, 69-100) serves to 

clearly distinguish the summary ES established in this study from measurement error. Future 

research should examine how the WAB-AQ summary ES varies for persons with more mild 

or severe aphasia and examine which treatment approaches result in summary ESs well 

outside of the SEM for all severity groups. The CETI’s summary ES of 10.37 was well 

above its SEM of 5.87,23 suggesting that those improvements were not due to variations 

inherent to measurement alone. Lastly, the summary ES for the BNT of 3.30 was also higher 

than its SEM of 2.04,43 supporting its validity as a metric of intervention-related 

improvement. Importantly, the summary ESs were consistent across treatment approaches 

and dose frequencies as none of the meta-analyses demonstrated significant heterogeneity, 

nor were any of the sub-group analyses significant.

This study provides a unique contribution to the literature on aphasia rehabilitation as it 

included studies according to the outcome measure used to assess change as opposed to by 

study design, as in previous systematic reviews and meta-analyses.2,3 This methodological 

shift is valuable as rather than conducting only meta-analyses with between group 

comparisons, separate meta-analyses were also conducted using within group study 

comparisons, including single subject design studies. This approach allowed for the 

inclusion and synthesis of a larger body of the treatment literature in the field than previous 

reviews. In summary, this work adds to the body of literature that confirms a positive effect 

of aphasia treatment and further, provides benchmarks for significant change.

Nonetheless, some open questions remain. In order to maintain adequate power to conduct 

meta-analyses, a number of studies employing less-frequently used outcome measures were 

excluded (e.g., assessing contextual factors). Secondly, subgroup analyses could not be 

conducted between acute and chronic participant studies. Third, as the summary ES for the 

WAB-AQ was only notably higher than the SEM for a range of AQs (i.e., 28-68), it should 
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be tested whether a higher benchmark for improvement should be used for individuals who 

are more mild or severe, or a different assessment measure altogether.

Study Limitations

All systematic reviews and meta-analyses are susceptible to publication bias. Although 

funnel plots for the within group designs were largely symmetric, publication bias was 

detected in the within-group WAB-AQ and BNT analyses. However, the point estimates 

varied minimally and thus, the observed summary ESs for those measures should be 

considered valid.

CONCLUSIONS

By combining evidence from existing treatment studies, the present systematic review and 

meta-analyses establishes valuable benchmarks of change for three frequently used outcome 

measures. Furthermore, it confirms that aphasia rehabilitation is indeed effective.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS

ASHA American Speech-Language Hearing Association

BNT Boston Naming Test

CI Confidence interval

CETI Communicative Effectiveness Index

COS Core Outcome Set

ES effect size

PRISMA Preferred Reporting Items for Systematic Review and Meta-analyses

QOL Quality of Life

SEM Standard Error of Measurement

TPO time post onset

WAB-AQ Western Aphasia Battery-Aphasia Quotient
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Figure 1. 
The PRISMA flow diagram1 of study inclusion. Note: 1. Moher D, Liberati A, Tetzlaff J, 

Altman DG. Preferred Reporting Items for Systematic Reviews and Meta-Analyses The 

PRISMA Statement. PLoS Med. 2009;6(7):6.
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Figure 2. 
Summary effect sizes for within group studies reporting the Western Aphasia Battery-

Aphasia Quotient (WAB-AQ). The difference in means column reflects the pre-treatment 

mean subtracted from the post-treatment mean. The lower and upper limits columns show 

the 95% confidence interval surrounding the difference in means. The p-value indicates the 

significance of the effect. The final row describes the summary effect size, 95% confidence 

interval, and p-value. The diamond represents the summary effect size. The squares reflect 

effect sizes of individual studies.
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Figure 3. 
Summary effect sizes for within group studies reporting the Communicative Effectiveness 

Index (CETI) and Boston Naming Test (BNT). Figure details are the same as for Figure 2.
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Figure 4. 
Summary effect sizes for between group studies reporting the Western Aphasia Battery-

Aphasia Quotient (WAB-AQ) and Boston Naming Test (BNT). The diamond is the summary 

effect size. The squares reflect effect sizes of individual studies. The difference in means 

column reflects the post-treatment control group mean change subtracted from the post-

treatment experimental group mean change. The lower and upper limits columns show the 

95% confidence interval surrounding the difference in mean change. The p-value indicates 

the significance of the effect. The final row describes the summary effect size, 95% 

confidence interval, and p-value. The diamond represents the summary effect size. The 

squares reflect effect sizes of individual studies.
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Table 1.

Results of subgroup analyses for within group study designs

Outcome
Measure LDF HDF IMP A/P INT

n = 35 n = 11 n =33 n = 6 n = 14

WAB-AQ

4.50 5.17 4.42 5.10 6.48

3.64-5.36 3.72-6.61 3.09-5.76 1.73-8.47 4.38-8.57

n = 10 n = 5

CETI

10.05 11.02 n/a n/a n/a

3.83-16.28 2.81-19.24

n = 25 n = 9 n = 24 n = 5 n = 7

BNT

3.55 3.39 3.18 3.89 3.34

2.33-4.76 1.75-5.02 2.09-4.27 1.65-6.14 1.18-5.49

Note: WAB-AQ=Western Aphasia Battery-Aphasia Quotient; CETI= Communicative Effectiveness Index; BNT= Boston Naming Test; LDF = 
lower dose frequency; HDF = higher dose frequency; IMP = impairment-based treatment; A/P = activity/participation-based treatment; INT= 
integrated treatment
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Table 2.

Quality Indicator Summative Scores for Included Studies

Design Test N 7 6 5 4 3 2 1

Within Group

WAB 53 N/A 2 17 21 32 28 0

CETI 17 N/A 12 24 35 67 18 0

BNT 36 N/A 6 11 28 33 22 0

Between Group
WAB 6 50 33 17 0 0 0 0

BNT 5 0 20 80 0 0 0 0

Note: Value in cell represents percentage of studies with that summative score. Within group studies could not obtain a rating of 7 because intention 
to treat is not a relevant parameter for that study design. Higher scores = higher methodological quality.
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