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Abstract 

A universal characteristic of aphasia is anomia, the impairment of naming abilities. The 

Boston Naming Test (BNT) is frequently used to measure change in response to treatment over 

short intervals. It is unclear, however, how much change can be expected over long periods of 

time. This study examined long-term recovery of naming abilities using BNT scores from 52 

individuals who participated in clinical and research settings at the University of Arizona. Each 

individual’s change on the BNT was tracked over the course of their participation, allowing for 

calculation of the extent and rate of change in naming performance. In addition, independent 

variables were evaluated for their predictive value relative to naming performance over time. 

There was significant improvement in naming on the BNT, regardless of age, education, and 

initial time post onset. The results indicate that for individuals who continue to participate in a 

rehabilitation context, improvement can be expected long after the onset of anomia.  
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Introduction 

Background 

Aphasia is an acquired language impairment that affects comprehension and production 

of spoken and written language. The nature and severity of the impairment varies depending on 

the location and extent of damage to critical brain regions that support language, resulting in 

various aphasia profiles. A universal characteristic of aphasia is anomia, or word retrieval 

difficulty (Benson, 1979). Whereas aphasia types vary with regard to disruption of fluency, 

auditory comprehension, and the ability to repeat sentences, lexical retrieval problems are 

anticipated in all aphasia types. Thus, it is not surprising that aphasia treatment literature includes 

a large corpus of studies that examine lexical retrieval. In fact, a comprehensive compilation of 

aphasia treatment studies, published from 1904 – 2016, includes over 400 peer-reviewed papers 

that address lexical retrieval impairments (“Aphasia Treatment Evidence Tables,” n.d.). This 

represents roughly 30% of all published aphasia treatment studies. 

A review of the lexical retrieval literature provides evidence from single-subject and 

group studies that document improvement in naming performance in response to treatment. A 

variety of dependent measures are reported, including performance on targeted items as well as 

pre-post treatment performance on a standardized measure of naming. The most consistently 

used measure is the Boston Naming Test (BNT; Kaplan, Goodglass, & Weintraub, 1983; 

Goodglass, Kaplan, & Barresi, 2000). The BNT is a subtest of the Boston Diagnostic Aphasia 

Examination, a battery of tests designed to characterize aphasia type and severity (Goodglass & 

Kaplan, 1972). The BNT is a confrontation naming test consisting of 60 black and white line 

drawings. The items increase in difficulty throughout the test based on typical frequency of 
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exposure or use. Performance on the BNT can be interpreted relative to normative data provided 

in the test manual and normative study projects.  

Decline in naming abilities in healthy older adults has been extensively reviewed in the 

literature (see Mitrushina, Boone, Razani, & D’Elia, 2005). While some studies do not 

demonstrate age-related effects on naming abilities, many do reveal reduced naming ability in 

older populations (for review see Feyereisen, 1997). The BNT has been included in test batteries 

to characterize the effects of aging on language and cognitive performance in healthy individuals 

and those with neurological impairment (Mitrushina, et al., 2005). It is especially useful for 

“identifying outliers whose performance falls below the expected range” (Mitrushina, et al., 

2005, p. 199). Since the typical population of individuals with aphasia is skewed toward older 

adults, the fact that naming abilities may naturally decline during the recovery period is relevant.  

Ivnik, Malec, Smith, Tangalos, & Petersen (1996) compiled normative data for the BNT, 

along with a large battery of neuropsychological tests based on the performance of 746 

cognitively normal older adults aged 56- to 97-years-old. This project was part of the Mayo 

Clinic’s Older Americans Normative Studies (MOANS). They generated a scaled score system 

for the BNT to account for raw score variability across age and education levels for eleven age 

bands. These scores were corrected for age and age-and-education, with age “strongly” 

influencing performance on the BNT (p. 263). Review of scaled scores for each age band showed 

a decrease in average raw score in the 50th percentile with age. This observation further suggests 

an age-related decline in naming performance.  

Since the BNT is used to examine change in performance for multiple populations, there 

remains a question of how much change is reliable and clinically significant. B. Sachs, et al. 

(2012) established reliable change indices for the BNT with 844 cognitively normal adults, ages 
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56 and older, from the MOANS project. These individuals were tested at baseline, then retested 

at 9-15 month and 16-24 month intervals. They found that a 4-point decline or 5-point 

improvement at the 9-15 month retest period and a 6-point decline or 7-point improvement at the 

16-24 month retest period were considered reliable changes. For all participants who were 

retested between 9-24 months, decline of 4 points or improvement of 5 points were considered 

reliable. These change indices are valuable for indicating whether BNT change with treatment is 

reliable, but it is unclear how much change on the BNT is clinically significant for individuals 

with aphasia.  

Of the 400 studies that examined lexical retrieval treatment in individuals with aphasia, 

about 100 reported performance on the BNT. Of those, approximately 52 studies used it to 

evaluate initial severity of a patient’s anomia, with the remaining 50 reporting the BNT scores 

before and after treatment. Those studies are included in Table 1.   
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Table 1 

Compilation of studies that report BNT scores pre- and post-treatment  

Authors (Year) n Design Treatment  Average TPO 
(Range) 

Average BNT 
Change (SD, 

Range) 

Estimate of 
Elapsed Time Significance 

Aftonomos, Steele, 
& Wertz (1997) 23 Group 

within Lingraphica 

6 to 72 months 
(for 10 
participants who 
had BNT) 

11.1 points 
(SD=9.1*, -3 to 
26)  

16.2 weeks (for 
23 participants) 

Significant 
change  

Hinckley & Craig 
(1998) – Study 1 10 Group 

within 

Intensive vs. non-
intensive (3-5 
hours per week)  

20 months (7 to 
47) 

Intensive 1:  9.5 
points (SD=8.88)        
NonIntensive: 0.4 
points (SD=6.46) 
Intensive 2:  5.7 
points (SD=3.94) 

18 weeks 

Both intensive 
treatments = 
significant 
change. Not 
significant for 
non-intensive 
treatment 

Hinckley & Craig 
(1998) – Study 2 15 Group 

within 

Intensive vs. non-
intensive (1-2 
hours per week)  

27 months (7 to 
64) 

Intensive 1:  7.6 
points (SD=5.629)        
NonIntensive: 3.33 
points (SD=7.56) 
Intensive 2:  7.86 
points (SD=4.53) 

18 weeks 

Both intensive 
treatments = 
significant 
change. Not 
significant for 
non-intensive 
treatment 
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Hinckley & Craig 
(1998) – Study 3 15 Group 

within 
Intensive treatment 
vs. no treatment 29 months (9-80)                  

Intensive 1:  7.27 
points (SD=5)        
NoTreatment: 1.5 
points (SD=5.87) 
Intensive 2:  3 
points (SD=3.53) 

18 weeks 

Both intensive 
treatments = 
significant 
change. Not 
significant for no 
treatment 

Dignam, Copland, 
McKinnon, 
Burfein, O'Brien, 
Farrell, & 
Rodriguez (2015) 

34 

Group 
within 
& 
between 

Aphasia Language 
Impairment and 
Functioning 
Therapy - 
intensive vs. 
distributed 

Intensive group:  
47.3 months                                     
Distributed 
group:  31.1 
months 

Intensive:  Pre to 
Follow Up = 2.6 
points*     
Distributed:  Pre to 
Follow Up = 7 
points* 

Intensive: 3 
weeks         
Distributed: 8 
weeks 

Significant 
change at post-
treatment and 
follow-up for 
both groups 

Kendall, Oelke, 
Brookshire, & 
Nadeau (2015) 

26 Group 
within Phonomotor 47.5 months (8 to 

211)  

Pre-tx to 3 month 
follow up: 1.87 
points*  

6 weeks 

Significant 
change at post-
treatment and 3 
month follow-up 

Kendall, Pompon, 
Brookshire, 
Minkina, & Bislick 
(2013) 

10 Group 
within Phonomotor  68 months (14-

211)  

Pre-tx to follow-
up:  1.2 points* 
(SD=8.39*, -15 to 
10)  

12 weeks Did not report 
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Authors (Year) n Design Treatment 
Average TPO 

(Individual 
TPO) 

Average BNT 
Change 

(Individual 
Scores) 

Estimate of 
Elapsed Time Significance 

Kiran (2008b) 5 SS 

Typicality 
approach for 
semantic feature 
treatment 

8.2 months (7, 7, 
8, 9, 10) 

13 points* (7, 8, 
17, 8, 25) 

10.4 weeks (8, 
9, 10, 10, 15) Did not report 

Hashimoto (2012) 2 SS 
Semantic vs. 
phonological 
feature  

39 months (18, 
60)  9.5 points* (4, 15) 19.5 weeks (14, 

25) 

One participant 
improved 
significantly  

Kiran, Thompson, 
& Hashimoto 
(2001) 

2 SS 
Grapheme to 
phoneme 
conversion 

20 months (13, 
27) 9 points* (6, 12)  Unknown Did not report 

Kiran & Johnson 
(2008) 3 SS Semantic Feature  18 months (7, 11, 

36) 
8.67 points* (-1, 9, 
18) 

13.67 weeks (8, 
15, 18) Did not report 

Edmonds, Nadeau, 
& Kiran (2009) 4 SS Verb Network 

Strengthening 
37.25 months (10, 
21, 22, 96) 

8 points* (5, 6, 7, 
14)   Unknown Did not report 

Kiran & Thompson 
(2003) 4 SS Semantic Feature 

Analysis 
33.75 months (9, 
13, 14, 99) 

7.25 points* (0, 3, 
9, 17) 

11.5 weeks (8, 
15) Did not report 

Rose, Attard, Mok, 
Lanyon, & Foster 
(2013) 

11 SS 
Multimodality vs. 
Constraint Induced 
Language Therapy 

44 months (17, 
22, 22, 22, 25, 34, 
40, 58, 77, 79, 
88)  

Pre-tx to follow-up 
3 months:  6.73 
points* (-2, -1, 1, 
2, 7, 8, 10, 11, 12, 
13, 13)  

5 weeks Did not report 
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Kendall, Rosenbek, 
Heilman, Conway, 
Klenberg, Gonzalez 
Rothi, & Nadeau 
(2008) 

8 SS Phonological  
59.7 months (16, 
18, 26, 46, 53, 60, 
72, 81, 105, 120) 

At 3 months: 6.4 
points* (4, -2, 19, 
9, 6, 9, 2, 17) - 2 
did not have 
follow up      

12 weeks 
Significant 
change at 3 
month follow-up 

Edmonds & Babb 
(2011) 2 SS Verb Network 

Strengthening  29 months (9, 49)  6 points* (1, 11) 10.5 weeks (9, 
12) 

Statistically 
significant change 
for one 
participant 

Raymer, McHose, 
Smith, Iman, 
Ambrose, & 
Casselton (2012) 

8 SS Errorless naming + 
gesture 

13.5 months (5, 6, 
6, 7, 8, 17, 29, 
30)  

4.25 points* (-5, -
3, -3, 5, 5, 7, 14, 
14)  

 Unknown Did not report 

Kiran, Sandberg, & 
Sebastian (2011) 6 SS 

Category 
generation and 
retrieval 

43.17 months (6, 
9, 10, 30, 96, 
108)  

4 points* (-2, -2, -
1, -1, 1, 9) 

9.67 weeks (6, 
7, 10, 10, 10, 
15) 

Did not report 

Rider, Wright, 
Marshall, & Page 
(2008) 

3 SS 

Semantic Feature 
Analysis 
(contextual 
discourse) 

65.67 months (26, 
45, 126) 

3.67 points* (1, 3,  
7)  

8 weeks (4, 10, 
10) Did not report 

Stanczak, Waters, 
& Caplan (2006) 2 SS Typicality-based 

learning  
87 months (42, 
132)  3.5 points* (-2, 9)  22 weeks Did not report 

Falconer & 
Antonucci (2012) 4 SS Semantic Feature 

Analysis (group) 
87 months (24, 
72, 96, 156) 

2.75 points* (-1, 0 
, 5, 7) 7 weeks Did not report 

Ferguson, Evans, & 
Raymer (2012) 4 SS 

Intention & 
Pantomime 
Gesture 

34.75 months (22, 
37, 39, 41) 

2.75 points* (-1, 2, 
3, 7)  Unknown Did not report 
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Rodriguez, Raymer, 
& Gonzalez Rothi 
(2006) 

4 SS 

Gesture + verbal 
and semantic-
phonologic for 
verb retrieval 

34.25 months (8, 
9, 24, 96) 

2.25 points* (-3, -
1, 5, 8)  Unknown Did not report 

Raymer, Singletary, 
Rodriguez, 
Ciampitti, Heilman, 
& Gonzalez Rothi 
(2006) 

9 SS Gesture + verbal 
29 months (5, 7, 
16, 18, 41, 43, 52, 
62)  

1.22 points* (-3, -
2, -2, -1, 1, 2, 3, 4, 
9)  

8-12 weeks Not significant  

Antonucci (2009) 2 SS Semantic Feature 
Analysis (group) 

70 months (8, 
132) 1 point* (0, 2)          7 weeks Did not report 

Hashimoto (2011) 1 SS Modified Semantic 
Feature Analysis 132 months 1 point*  Unknown Did not report 

Kiran, Sandberg, & 
Abbott (2009) 4 SS Complexity  20.4 months (8, 

19, 32, 43) 
1 point* (-4, -1, 2, 
7)  8 weeks (6, 10) Did not report 

Raymer, Kohen, & 
Saffell (2006) 5 SS 

Semantic 
comprehension 
training via 
computer module 

18.4 months (4, 4, 
20, 22, 42)  

1 point* (-3, 0, 0, 
3, 5)  4 weeks Did not report 

Silkes, Dierkes, & 
Kendall (2013) 1 SS Masked repetition 

on priming  48 months 1 point* 4 weeks Did not report 
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Wright, Marshall, 
Wilson, & Page 
(2008) 

2 SS 
Written cueing 
hierarchy for 
verbal naming 

13 months (12, 
14)  1 point* (-3, 5)  4 weeks Did not report 

Raymer, Ciampitti, 
Holliway, 
Singletary, Blonder, 
Ketterson, … 
Gonzalez Rothi 
(2007) 

8 SS Semantic-
phonologic 

56.25 months (4, 
9, 48, 49, 52, 75, 
93, 120) 

After noun tx:  
0.75 (SD = 2.38)                 
After verb tx:  0.75 
(SD = 3.41) 

8-12 weeks Did not report 

Raymer & Kohen 
(2006) 2 SS Effect of sentence 

context 
66 months (60, 
72)  

Decrease 4 points* 
(-1, -7)  Unknown Did not report 

van Hees, Angwin, 
McMahon, & 
Copland (2013) 

8 SS 

Semantic Feature 
Analysis vs. 
Phonological 
Components 
Analysis 

52.2 months (17, 
20, 25, 36, 38, 55, 
57, 170)  

 Unknown 4 weeks 

One participant 
significantly 
improved, 7 did 
not 

 

 

 

 

 

 

Note. Average BNT change scores marked with * indicate calculations that the authors made. “Unknown” represents information that 
was not available for interpretation or reference.  
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There are seven studies that use group statistics to examine performance within and 

between treatment groups. Dignam, et al. (2015) had the largest cohort of 34 participants. Their 

results showed a significant improvement on the BNT for both an intensive and distributed 

treatment group (2.6 and 7 points). Aftonomos, Steele, & Wertz (1997) reported the highest 

average improvement on the BNT of +11.1 points. The smallest reported change on the BNT 

among group studies was 1.2 points over an estimated period of 12 weeks (Kendall, et al., 2013). 

The range of estimated time elapsed between tests varied widely, from 6 (Kendall, et al., 2015) 

to 18 weeks (Hinckley & Craig, 1998).  

The majority of lexical retrieval studies used single-subject experimental designs. 

Individual change scores ranged from a decline of 7 points to an increase of 25 points, with the 

average change scores across these studies ranging from a decline of 4 points (Raymer & Kohen, 

2006) to a gain of 13 points (Kiran, 2008). The estimated time elapsed between pre- and post-

treatment or follow up tests ranged from 4 to 19.5 weeks (Hashimoto, 2012). Additionally, these 

studies look at change over short periods of time. Stanczak, Waters, & Caplan (2006) followed 

two participants over 22 weeks, which was the longest time period. It is important to note that all 

of these studies used the BNT as a measure of generalization, with other primary outcome 

measures to determine treatment effect. Collectively, these studies help provide a broader picture 

of improvement for a range of aphasia profiles, but do not indicate what to expect regarding BNT 

change over long periods of time.  

Purpose of this Study 

While anomia presents a problem for patients at the onset of their aphasia, there is 

empirical evidence of improvement over time, particularly with treatment (see Nickels, 2002). It 

is not clear, however, how much improvement might be expected in an individual in the months 



Long-term recovery of naming abilities             16 
!

and years that follow the onset of the anomia. The purpose of the present study was to examine 

naming performance over long periods of time to provide some benchmarks for recovery.    

To accomplish this goal, we conducted a retrospective analysis of data collected by the 

Aphasia Research Project and the Clinic for Adult Communication at the University of Arizona 

over the past 25 years. The University of Arizona has a history of providing services to 

individuals with aphasia and developing and evaluating treatment methods for various associated 

impairments, including anomia. The Boston Naming Test was frequently administered during 

initial evaluations and periodic re-assessments over the course of time, thus providing a valuable 

source of data to examine recovery from anomia in a sizable cohort. We anticipated that naming 

abilities would improve over time and sought to determine what magnitude of change might be 

expected, as well as what factors have predictive value in estimating long-term recovery.  
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Methods 

Source of Data 

A review of clinical and research records at the University of Arizona served to identify 

169 individuals with acquired language impairment who had been administered the Boston 

Naming Test (BNT). From those records, data were available for 70 individuals who had received 

at least two complete administrations of the BNT and their initial performance reflected lexical 

retrieval impairment conservatively defined as raw scores of less than 51 of 60. This included 

individuals who had participated in individual or group therapy, or both. Records were reviewed 

and data were included for individuals who had aphasia due to acquired neurological damage, 

primarily resulting from left middle or posterior cerebral artery stroke, but also included some 

individuals with focal damage to the language dominant hemisphere associated with other 

causes, such as gunshot wound or herpes encephalitis. Individuals were excluded if they had 

anomia associated with primary progressive aphasia, dementia, or other degenerative 

neurological disease, or if they did not remain neurologically stable over the time of 

participation. Specifically, individuals were excluded if they experienced subsequent 

neurological damage (e.g., additional strokes) or progressive cognitive decline, such as the onset 

of dementia in an individual with aphasia due to stroke. After inclusion and exclusion criteria 

were considered, data from 52 individuals were available for analysis. The number of BNTs 

administered to each individual ranged from two to eight tests, with a total of 152 BNT scores. 

The average number of test administrations was 2.92, administered over an average of 23.96 

months. 

 Demographic characteristics of the anomic individuals are summarized in Table 2 and 

individual data are included in Appendix A. The data set represented more males than females 
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(38 versus 14) and the average education for the group was 14.73 years. As depicted in Figure 1, 

age at the time of the first BNT administration ranged widely from 18.44 to 85.04 years, with an 

average at 59.68 years. Most individuals were tested during the chronic stage of recovery, but 

four individuals received the initial BNT during the first three-month interval after onset. The 

earliest time post onset of aphasia for an individual test administration was 0.33 months (about 

10 days) and the latest was 97.32 months (8.1 years) post onset. The average time post onset 

(TPO) at the time of the initial evaluation was 21.60 months (SD = 24.77). As evident in Figure 

1, the initial BNT scores were distributed throughout the range from 0 to 51 points, with an 

average of 25.44. About half of the individuals scored below the mean (from 0 to 25, n = 24) and 

half scored above the mean (from 26 to 51, n = 28). The lower performing group was considered 

severe, whereas the latter reflected mild-moderate impairment. 

A review of medical charts provided confirmation regarding whether individuals were 

enrolled in individual or group therapy, but information was not consistently available to 

calculate the number of hours of treatment for all individuals during the intervals between BNT 

administrations. The first administration of the BNT typically preceded some form of treatment, 

but the repeated BNT administrations did not necessarily align with specific treatment intervals. 

Additionally, those with individual treatment had a variety of language behaviors addressed, 

which did not necessarily include lexical retrieval. For these reasons, treatment was simply 

coded in a categorical manner: group-only treatment (n = 5), individual-only treatment (n = 23), 

or both individual and group treatment (n = 24).  
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Table 2 

Summary of participant characteristics for 52 individuals  

Characteristics n Mean SD Range 
Gender 
     Male 
     Female 

 
38 
14 

   

Age at initial BNT (years) 52 59.68 15.12 18.44 – 85.04 
Education (years)  52 14.73 3.09 10 – 22 
TPO at initial BNT (months) 52 21.60 24.77 0.33 – 97.32 
Initial BNT score 52 25.44 18.32 0 – 51 
Time elapsed between tests 
(months) 

52 23.96 23.05 1.2 – 88.6 

 
 
Figure 1 

Initial BNT scores for each participant relative to age at initial test  
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Note. Blue represents individuals who received group-only treatment (n = 5), orange 
represents individual-only treatment (n = 23), and green represents both (n = 24). The 
purple line marks the average initial BNT score (25.44).  
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Statistical Analysis 

A paired samples t-test was used to determine whether there was a significant difference 

between initial and final BNT scores. To provide a measure of overall change, the initial BNT 

scores were subtracted from final scores for each individual. The rate of change in BNT scores 

was estimated by dividing the BNT change by time elapsed (in months) from the initial to final 

administrations. For those with more than two BNT scores, the change per month was also 

calculated between each test time. A one-sample t-test was used to analyze the change per month 

values relative to zero. 

 Bivariate correlational analyses were performed to examine relations between the 

dependent variables (BNT change scores; BNT change per month) and several independent 

variables: age at the initial BNT evaluation, education, initial TPO in months, initial BNT score, 

and time elapsed over the course of all BNT administrations. A hierarchical regression was 

implemented to examine the predictive value of these independent variables relative to the 

dependent variable of BNT change. As a coarse comparison of treatment delivery model, we ran 

a one-way analysis of covariance (ANCOVA), with time elapsed as the covariate, to examine 

BNT changes for each treatment group.  
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Results 

Analysis of BNT Change 

 The BNT scores for each participant were plotted against the respective times post onset 

in months and scores from a given individual were connected (see Figure 2). For the entire 

cohort, the average initial BNT score was 25.44 (SD = 18.32), while the average final BNT score 

was 32.15 (SD = 18.20). The overall average change in BNT score for the entire group was +6.71 

over an average of 23.96 months. This reflected significant improvement on the BNT, t(51) = 

6.817, p < 0.001. Within this cohort, many individuals demonstrated relatively large increases on 

the BNT over shorter time intervals. For example, one person improved 10 points over 2.53 

months, while another individual improved 11 points in 3.45 months. We identified individuals 

whose change on the BNT was considered reliable according to the guidelines outlined by B. 

Sachs, et al. (2012) and marked their change scores in Appendix A. Based on those guidelines, 

25 individuals exhibited reliable change on the BNT.  

As shown in Figure 2, some large increases were followed by periods where the increase 

was maintained or small additional improvements or declines were noted. In other instances, 

changes were relatively linear over time. When examined by severity, those with lower initial 

BNT scores improved an average of +8.96 (SD = 8.286), while participants in the mild-moderate 

group improved an average of +4.79 (SD = 5.329), a difference that was statistically significant, 

t(38.12) = 2.120, p = 0.041). In this figure, we also noted modest improvement for individuals 

with high initial BNT scores (> 45) and those with lower initial BNT scores (< 4). When these 

individuals were excluded, the remaining cohort (n = 21) demonstrated an average change of 

+8.37.   
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Figure 2 
 
BNT scores relative to time post-onset in months for 52 participants 
 

 
 
 

The average time elapsed between initial and final BNT tests were not significant for the 

mild-moderate group and severe group (22.73 months and 25.41 months), t(50) = -0.414, p = 

0.680. Those in group treatment had an average time elapsed of 22.50 months, whereas those in 

individual treatment were seen over an average of 16.34 months, and individuals who received 

both types of treatment were followed for 31.57 months. When all three treatment groups were 

compared, there was no significant difference, F(2, 49) = 2.753, p = 0.074. Since the group-only 

treatment group was small (n = 5), an additional analysis was implemented that combined the 

group-only with individual-only treatment groups and compared this cohort to those who 

received both treatments; the difference was significant, t(50) = -2.295, p = 0.026.  
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Relative to treatment, those who participated in group-only treatment had an average 

improvement of +5.80 points on the BNT and those in individual-only treatment had a similar 

average gain of +5.48. Individuals who received both group and individual treatment had an 

average gain of +8.08, which was not significantly different from the other groups (combined), 

even when time elapsed between administrations was accounted for, F(1, 49) = 0.409, p = 0.526 

(Table 3).   

Table 3 

ANCOVA results with BNT change by treatment group (individual-only and group only versus 
individual + group treatment)   
 

Source Type III Sum of Squares df Mean Square F p 
Corrected 
Model 281.772 2 140.886 3.016 0.058 

Intercept 484.035 1 484.035 10.362 0.002 
Elapsed Time 197.897 1 197.897 4.237 0.045 
Treatment 19.087 1 19.087 0.409 0.526 
Error 2288.901 49 46.712   
Total 4913.000 52    
Corrected Total 2570.673 51    

Results of the bivariate correlation analyses revealed that the change in BNT was 

significantly related to the time elapsed between test administrations (r = 0.320, n = 52, p = 

0.021). That is, the longer the duration from initial to final BNT tests, the greater the magnitude 

of improvement. By contrast, the remaining independent variables (age, education, gender, initial 

TPO in months, and initial BNT score) were not significantly related to BNT change (Table 4).  

 

 

 

 

*R2 = 0.110 (Adjusted R2 = 0.073) 
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Table 4 

Pearson correlation coefficients (r) for bivariate analyses 

 Age Education Gender Initial 
TPOm 

Initial 
BNT 

Elapsed 
Time 

BNT 
Change 0.110 -0.143 0.272 -0.143 -0.211 0.320* 

Change per 
Month 0.145 0.053 -0.011 -0.166 -0.016 -0.381** 

 
 
 

A hierarchical regression model was implemented to examine the predictive value of 

several independent variables relative to overall change in BNT scores. BNT change was entered 

as the dependent variable, with the demographic variables (age, education, gender, and initial 

TPO in months) entered at step one, initial BNT score entered at step two, and elapsed time 

entered at step three. The first model containing the demographic variables was not significant 

(R2 = 0.033, F(4, 47) = 1.430, p = 0.239, R2 change = 0.108). When initial BNT score was added, 

the model was also not significant (R2 = 0.080, F(5, 46) = 1.883, p = 0.116, R2 change = 0.061). 

When elapsed time was added, however, the predictive value of the model was significant (R2 = 

0.163, F(6, 45) = 2.657, p = 0.027, R2 change = 0.092). Within the third model, initial BNT score 

(ß = -0.303, t = -2.247, p = 0.030) and elapsed time (ß = 0.327, t = 2.363, p = 0.022) were 

significant independent predictors of BNT change. 

To visually explore change in BNT score relative to age and initial severity, we plotted 

initial and final BNT scores for each individual relative to their age at time of administration (see 

Figure 3). As depicted in Figure 3, individuals made change on the BNT across age and initial 

severity.  

 

 

*Correlation significant at p < 0.05 (2-tailed).  
**Correlation is significant at p < 0.01 (2-tailed).  
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Figure 3 

BNT scores relative to age at administration for 52 individuals 

 

Analysis of the Change in BNT Score over Time 

The average change in BNT score for the entire cohort was 0.515 per month (SD = 

0.653), which was significantly different than zero, t(51) = 5.684, p < 0.001. The change in BNT 

score per month was not significantly different for the severe and mild-moderate groups (+0.507 

versus +0.521 points per month, respectively), t(50) = -0.079, p = 0.937. As shown in Table 4, 

there was a significant negative correlation between change per month and elapsed time (r = -

0.381, n = 52, p = 0.005), reflecting that the rate of change was smaller when viewed over longer 

periods of time.  

The BNT change over time was also examined relative to the treatment groups outlined 

above. Those who participated in group-only treatment or individual-only treatment showed an 

average change per month of 0.664 (SD = 0.738), while individuals who received both group and 
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individual treatment had an average change per month of 0.34 (SD = 0.496), a difference that 

was not significant with elapsed time entered as a covariate, F(1, 49) = 1.136, p = 0.292 (Table 

5). This was consistent with the finding that the rate of change per month was smaller when 

individuals were tested over longer periods of time.  

Table 5 

ANCOVA results with change over time as a dependent variable  

 
Source Type III Sum of Squares df Mean Square F p 

Corrected 
Model 3.577* 2 1.788 4.823 0.012 

Intercept 12.331 1 12.331 33.257 0.000 
Elapsed Time 2.218 1 2.218 5.982 0.018 
Treatment 0.421 1 0.421 1.136 0.292 
Error 18.168 49 0.371   
Total 35.520 52    
Corrected Total 21.745 51    

 
 

 

 

 

 

 

 

 

 

 

*R2 = 0.164 (Adjusted R2 = 0.130) 
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Discussion 

In this study, we examined performance on the Boston Naming Test (BNT) over time in a 

cohort of 52 individuals who participated in treatment at a university clinic over the course of 25 

years. The overall gain on the BNT averaged +6.71 points over approximately 24 months. When 

considered relative to initial severity, greater improvement was documented in those who had a 

more severe naming impairment at the outset. Specifically, those with scores lower than 26 on 

the BNT improved an average of +8.96 and those with scores between 26 and 52 improved an 

average of +4.79. Some individuals in the less impaired group were likely influenced to some 

extent by a “ceiling effect” as they approached normal performance over time. It should be 

noted, however, that the more severe cohort was likely to include some individuals whose long-

term change was potentially limited by marked speech production impairments. Despite the 

greater overall improvement of the more severe group relative to the mild-moderate group, this 

difference was not significant when gains on the BNT were considered over time. That is, when 

improvement was calculated as change in BNT per month, it was comparable. Thus, these 

findings suggest that an individual has potential to improve naming ability over time regardless 

of initial severity.  

With regard to long-term outcomes, the initial BNT score and time elapsed were the best 

predictors of naming improvement, whereas demographic characteristics such as age and 

education were not. This may appear to contradict the common belief that younger individuals 

and those with higher education tend to have the best outcomes. The latter may still be true, 

however, in that younger and more educated individuals may have experienced benefit relative to 

the initial impact of brain damage. In fact, the benefit to younger individuals with greater 

cognitive reserve (often associated with higher education) may be evident from the outset. In our 
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cohort, most individuals had lived with the language impairment for about two years by the time 

of their initial BNT. It was also interesting to note that the initial time post onset of anomia was 

not predictive of outcome in our cohort. Given that most of the data came from individuals who 

were considered to be in the chronic stage, this was a particularly positive outcome. A number of 

individual examples of large improvements are evident in Figure 2, including, for example, an 

individual who improved on the BNT by 24 points between the second and fifth years post onset.  

Considering our cohort relative to the treatment literature for lexical retrieval, we 

observed a similar range of change scores from -4 to +25. This is despite the fact that our 

participants did not necessarily receive treatment for lexical retrieval per se. As noted, we were 

unable to control for the specifics of treatment type, context, or intensity, so our cohort may be 

considered representative of the diverse population of individuals with chronic aphasia who 

maintain some connection to a treatment context, such as a university clinic or a community 

aphasia center. The treatment type (individual or group) was not particularly relevant, but a 

controlled study might capture differences. In most contexts, lexical retrieval treatment is 

administered over a relatively short time frame and the outcome data are limited to immediately 

post treatment. Even when follow-up probes are provided, it is typically after a relatively short 

duration (e.g., a few months). The majority of individuals in our cohort maintained improvement, 

with minimal decline at later administrations. We found that the longer time intervals were 

associated with greater overall improvement on the BNT, which was typically maintained over 

time.  

Despite the acknowledged usefulness of the BNT as a measure of confrontation naming 

ability, there is still little information in the literature regarding long-term recovery of naming. 

With this in mind, our use of the BNT to examine measures of naming ability over an extended 
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period of time is valuable. Our findings demonstrated the possibility of continued improvement 

in naming abilities over time through BNT change and change per month. We tested BNT change 

and change per month relative to no change, but normative data from the MOANS and studies on 

age-related decline in naming abilities indicate that a decline in performance is to be expected in 

individuals over the age of 55. Since our cohort consists of older individuals, we speculate that 

the improvement we found might be greater if one considers these scores relative to the expected 

potential for decline in the older participants. 

Our cohort appears to be the largest used to examine long-term recovery of naming 

abilities for individuals with aphasia. In addition to a larger cohort, our study also examined 

recovery over a much longer period of time than existing studies, up to 10 years for some 

individuals. Whereas other studies of this nature typically looked at improvement in the context 

of one type of treatment, in this study we aimed to determine the potential for improvement 

regardless of the treatment provided. Our study did not control for the intensity or duration of 

treatment, so a direct comparison is not possible, but the convergence of improvement of an 

average of 6 points over two years emerges as a potentially useful expectation.  

We also examined the change per month for each individual to establish their rates of 

recovery, in addition to the extent of improvement. To our knowledge, few studies have 

examined change on the BNT per month. With this in mind, our results contributed more 

information about long-term recovery of naming with respect to time.  

A limiting factor of this study was incomplete data regarding the participants’ treatment 

type and length of treatment. The overall size of the cohort also limits the potential predictive 

power of the study. Another limitation of our study was not all individuals received test 

administrations over multiple years, instead receiving administrations that were only a few 
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months apart. With this in mind, we were limited in our ability to look at expected change per 

year, so we focused on change per month to take advantage of the data we had available.  

In summary, we achieved a better understanding of what naming improvement looks like 

over time for a broad range of ages and levels of severity using the BNT. Overall, we found that 

naming abilities can improve over time for individuals with aphasia regardless of a variety of 

factors such as age or time post onset. The improvement may be dependent upon continued 

treatment (individual or group) since that was the nature of our group. Additional research is 

needed to determine the role of treatment in long-term recovery and maintenance of naming 

improvement.   
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APPENDIX A 

Demographic characteristics of 52 individuals 

Subject 
ID 

CVA 
Agea 

Initial 
Ageb  Gender Educ 

Initial 
TPOm 

Final 
TPOm 

Elapsed 
Timed 

Initial 
BNT 

Final 
BNT 

BNT 
Changee 

Change/
Monthf 

# of 
BNTs 

Aphasia 
Type  

Anomia 
Severityg 

Treatment 
Typeh 

154 45.6 46.1 F 16 6.21 16.11 9.90 0 1 1 0.101 2 Wernicke's Severe Indiv 
162 29.4 30.9 M 12 17.33 24.20 6.87 0 1 1 0.146 2 Broca's Severe Both 
324 22.8 23.2 M 16 4.54 17.00 12.46 0 10 10 0.803 3 Global Severe Indiv 
322 57.3 59.6 M 14 27.62 44.65 17.03 1 2 1 0.059 2 Broca's Severe Both 
168 45.4 53.1 M 16 91.89 96.00 4.11 2 5 3 0.730 2 Broca's Severe Indiv 
194 61.8 63.5 M 20 19.43 32.12 12.69 2 2 0 0.000 3 Wernicke's Severe Indiv 
131 62.8 63.6 M 18 9.90 33.57 23.67 3 7 4 0.169 4 Conduction Severe Both 
150 70.3 71.7 M 16 16.18 31.92 15.75 3 5 2 0.127 2 Conduction Severe Indiv 
151 67.2 67.9 M 20 7.53 13.78 6.25 4 4 0 0.000 2 Wernicke's Severe Indiv 
187 57.2 61.5 M 16 51.75 57.53 5.79 4 18 14 2.420 2 Broca's Severe Indiv 
182 64.6 65.2 M 12 7.27 24.99 17.72 5 7 2 0.113 2 Broca's Severe Both 
159 22.5 29.5 M 12 83.64 111.06 27.42 6 9 3 0.109 3 Broca's Severe Both 
101 55.8 64.0 M 12 97.32 117.80 20.48 7 9 2 0.098 2 Conduction Severe Both 
176 58.4 66.4 F 16 95.54 168.92 73.38 7 17 10 0.136 5 Wernicke's Severe Indiv 
189 58.3 60.2 M 12 21.57 43.76 22.19 8 25 17 0.766 2 Conduction Severe Both 
196 57.5 58.0 F 12 5.92 18.64 12.72 10 35 25 1.965 2 Broca's Severe Both 
316 35.3 39.9 F 12 54.54 64.54 9.99 10 12 2 0.200 2 Broca's Severe Both 

7 41.7 42.2 M 12 4.80 31.33 26.53 12 29 17 0.641 6 Anomic Severe Both 
310 68.7 69.9 M 11 13.02 37.91 24.89 12 23 11 0.442 3 Conduction Severe Indiv 
135 79.8 79.8 F 12 0.33 11.31 10.98 13 23 10 0.911 4 Anomic Severe Indiv 
161 51.0 53.2 F 12 25.97 107.44 81.47 15 35 20 0.245 5 Broca's Severe Both 
108 67.8 69.3 F 12 18.48 106.52 88.04 16 40 24 0.273 5 Conduction Severe Both 
130 74.0 74.6 M 18 6.61 74.73 68.12 16 36 20 0.294 8 Anomic Severe Both 

9 84.9 85.0 M 20 0.53 11.80 11.28 18 34 16 1.419 4 Anomic Severe Indiv 
308 50.7 51.1 M 18 4.50 18.28 13.78 26 43 17 1.234 2 Conduction MildMod Group 
327 69.9 70.9 F 12 10.65 27.06 16.41 26 39 13 0.792 4 Anomic MildMod Indiv 
335 67.1 68.4 M 20 14.99 22.85 7.86 28 37 9 1.145 2 Anomic MildMod Indiv 

4 69.6 70.4 F 14 9.17 54.15 44.98 31 27 -4 -0.089 3 Anomic MildMod Group 
158 75.6 77.8 F 12 25.68 37.71 12.03 31 32 1 0.083 3 Anomic MildMod Both 
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Subject 
ID 

CVA 
Agea 

Initial 
Ageb  Gender Educ 

Initial 
TPOm 

Final 
TPOm 

Elapsed 
Timed 

Initial 
BNT 

Final 
BNT 

BNT 
Changee 

Change/
Monthf 

# of 
BNTs 

Aphasia 
Type  

Anomia 
Severityg 

Treatment 
Typeh 

163 65.5 65.8 M 22 3.72 4.87 1.15 34 36 2 1.738 2 Anomic MildMod Indiv 
199 74.5 75.7 M 16 13.38 26.24 12.85 34 35 1 0.078 2 Broca's MildMod Group 
137 47.4 48.7 F 12 16.11 61.15 45.04 35 49 14 0.311 3 Broca's MildMod Both 
315 78.3 79.2 F 10 9.67 18.48 8.81 35 49 14 1.589 3 Trans Motor MildMod Both 

2 15.2 18.4 M 12 38.37 60.95 22.59 38 40 2 0.089 3 Broca's MildMod Both 
123 76.7 78.8 M 20 24.95 32.48 7.53 41 47 6 0.797 2 Anomic MildMod Indiv 

1 58.2 58.4 M 12 2.24 12.07 9.83 42 47 5 0.509 5 Anomic MildMod Indiv 
142 64.9 67.7 M 16 33.04 47.51 14.47 42 37 -5 -0.346 2 Conduction MildMod Both 

5 58.8 59.8 M 20 11.11 47.15 36.03 44 50 6 0.167 3 Anomic MildMod Group 
104 60.0 62.4 M 18 28.31 87.98 59.67 45 51 6 0.101 3 Anomic MildMod Both 
125 60.6 60.9 M 12 2.50 52.96 50.47 45 43 -2 -0.040 2 Anomic MildMod Indiv 
140 75.5 76.3 M 14 9.76 14.63 4.87 45 54 9 1.850 2 Anomic MildMod Group 
320 50.1 50.8 M 16 7.96 13.32 5.36 45 48 3 0.560 2 Anomic MildMod Both 

1158 72.5 72.9 M 12 4.67 11.67 7.00 45 48 3 0.428 2 Anomic MildMod Indiv 
170 59.7 60.3 M 14 5.56 10.19 4.64 46 46 0 0.000 2 Anomic MildMod Indiv 
107 36.7 37.5 F 14 8.75 97.32 88.57 47 51 4 0.045 5 Anomic MildMod Both 
198 47.2 47.8 M 12 5.95 7.63 1.68 47 51 4 2.386 2 Anomic MildMod Indiv 
304 59.4 61.3 F 18 23.01 31.30 8.28 48 52 4 0.483 2 Anomic MildMod Indiv 

3 76.4 77.0 M 16 7.33 39.39 32.05 49 54 5 0.156 3 Anomic MildMod Both 
301 63.0 67.1 M 12 48.07 74.70 26.63 49 57 8 0.300 3 Anomic MildMod Both 
190 50.8 51.2 M 12 4.18 24.43 20.25 50 54 4 0.198 3 Anomic MildMod Both 
307 46.2 50.9 M 16 55.69 70.75 15.06 50 49 -1 -0.066 2 Anomic MildMod Indiv 
184 37.1 37.6 M 15 5.85 64.34 58.49 51 57 6 0.103 3 Anomic MildMod Indiv 

 

Note. BNT change scores highlighted in green reflect reliable change according to B. Sachs, et al. (2012).  
 
a Age at time of stroke; b Age at time of initial BNT administration; c Education (years); d Time elapsed between initial and final 
administrations (months); e BNT change from initial to final administration; f Change on the BNT per month; g Mild-moderate group 
versus severe group based on initial BNT score; h Type of treatment – group-only, individual-only, or both.  



Long-term recovery of naming abilities             33 
!

References 

Aftonomos, L., Steele, R., & Wertz, R. (1997). Promoting recovery in chronic aphasia with an 

interactive technology. Archives of Physical Medicine Rehabilitation, 78, 841-846.  

Antonucci, S. (2009). Use of semantic feature analysis in group aphasia treatment. Aphasiology, 

23(7), 854-866.  

Beeson, P. (n.d.). Lexical Retrieval Studies. Retrieved from http://aphasiatx.arizona.edu/lexical-

retrieval. 

Benson, D. F. (1979). Aphasia, Alexia, and Agraphia. New York, N. Y.:  Churchill Livingstone.  

Dignam, J., Copland, D., McKinnon, E., Burfein, P., O’Brien, K., Farrell, A., & Rodriguez, A. 

(2015). Intensive versus distributed aphasia therapy:  A nonrandomized, parallel-group, 

dosage-controlled study. Stroke, 46, 2206-2211.  

Edmonds, L., Nadeau, S., & Kiran, S. (2009). Effect of Verb Network Strengthening Treatment 

(VNeST) on lexical retrieval of content words in sentences in persons with aphasia. 

Aphasiology, 23(3), 402-424.  

Edmonds, L., & Babb, M. (2011). Effect of Verb Network Strengthening Treatment in moderate-

to-severe aphasia. American Journal of Speech Language Pathology, 20, 131-145.  

Falconer, C., & Antonucci, S. (2012). Use of semantic feature analysis in group discourse 

treatment for aphasia:  Extension and expansion. Aphasiology, 26(1), 64-82.  

Ferguson, N., Evans, K., & Raymer, A. (2012). A comparison of intention and pantomime 

gesture treatment for noun retrieval in people with aphasia. American Journal of Speech-

Language Pathology, 21, S126-S139.  



Long-term recovery of naming abilities             34 
!

Feyereisen, P. (1997). A meta-analytic procedure shows an age-related decline in picture 

naming:  Comments on Goulet, Ska, and Kahn (1994). Journal of Speech, Language, and 

Hearing Research, 40, 1328-1333.  

Goodglass, H., & Wingfield, A. (1997). Word-finding deficits in aphasia: Brain-behavior 

relations and clinical symptomatology. In H. Goodglass & A. Wingfield (Eds.), Anomia: 

Neuroanatomical and cognitive correlates (pp. 3-27). San Diego, CA:  Academic Press.  

Goodglass, H., Kaplan, E., & Barresi, B. (2000). The Boston Diagnostic Aphasia Examination. 

Austin, TX:  Pro-Ed. 

Hashimoto, N., & Frome, A. (2011). The use of a modified semantic features analysis approach 

in aphasia. Journal of Communication Disorders, 44, 459-469.  

Hashimoto, N. (2012). The use of semantic- and phonological-based feature approaches to treat 

naming deficits in aphasia. Clinical Linguistics & Phonetics, 26(6), 518-553.  

Hinckley, J., & Craig, H. (1998). Influence of rate of treatment on the naming abilities of adults 

with chronic aphasia. Aphasiology, 12(11), 989-1006.  

Ivnik, R. J., Malec, J. F., Smith, G. E., Tangalos, E. G., & Petersen, R. C. (1996). 

Neuropsychological tests’ norms above age 55: COWAT, BNT, MAE Token, WRAT-R 

Reading, AMNART, STROOP, TMT, and JLO. The Clinical Neuropsychologist, 10(3), 

262-278. 

Kaplan, E., Goodglass, H., & Weintraub, S. (1983). The Boston Naming Test. Philadelphia:  Lea 

and Febiger.   

Kaplan, E., Goodglass, H., & Weintraub, S. (1983). The Boston Naming Test. 2nd edition. 

Baltimore:  Lippincott, Williams and Wilkins.  



Long-term recovery of naming abilities             35 
!

Kendall, D., Rosenbek, J., Heilman, K., Conway, T., Klenberg, K., Gonzalez Rothi, L., & 

Nadeau, S. (2008). Phoneme-based rehabilitation of anomia in aphasia. Brain and 

Language, 105, 1-17.  

Kendall, D., Pompon, R., Brookshire, C., Minkina, I., & Bislick, L. (2013). An analysis of 

aphasic naming errors as an indicator of improved linguistic processing following 

phonomotor treatment. American Journal of Speech-Language Pathology, 22, S240-

S249.  

Kendall, D., Oelke, M., Brookshire, C., & Nadeau, S. (2015). The influence of phonomotor 

treatment on word retrieval abilities in 26 individuals with chronic aphasia:  An open 

trial. Journal of Speech, Language, and Hearing Research, 58, 798-812.  

Kiran, S., Thompson, C., & Hashimoto, N. (2001). Training grapheme to phoneme conversion in 

patients with oral reading and naming deficits:  A model-based approach. Aphasiology, 

15(9), 855-876.  

Kiran, S., & Thompson, C. (2003). The role of semantic complexity in treatment of naming 

deficits:  Training semantic categories in fluent aphasia by controlling exemplar 

typicality. Journal of Speech, Language, and Hearing Research, 46, 773-787.   

Kiran, S. (2008). Typicality of inanimate category exemplars in aphasia treatment:  Further 

evidence for semantic complexity. Journal of Speech, Language, and Hearing Research, 

51, 1550-1568.  

Kiran, S., & Johnson, L. (2008). Semantic complexity treatment of naming deficits in aphasia:  

Evidence from well-defined categories. American Journal of Speech Language 

Pathology, 17, 389-400.  



Long-term recovery of naming abilities             36 
!

Kiran, S., Sandberg, C., & Abbott, K. (2009). Treatment for lexical retrieval using abstract and 

concrete words in persons with aphasia:  Effect of complexity. Aphasiology, 23(7-8), 

835-853.  

Kiran, S., Sandberg, C., & Sebastian, R. (2011). Treatment of category generation and retrieval 

in aphasia:  Effect of typicality of category items. Journal of Speech, Language, and 

Hearing Research, 54, 1101-1117.  

Mitrushina, M., Boone, K., Razani, J., & D’Elia, L. (2005). Handbook of normative data for 

neuropsychological assessment. New York:  Oxford University Press.  

Nickels, L. (2002). Therapy for naming disorders:  Revisiting, revising, and reviewing. 

Aphasiology, 16(10/11), 935-979.  

Raymer, A., Singeltary, F., Rodriguez, A., Ciampitti, M., Heilman, K., & Gonzalez Rothi, L. 

(2006). Effects of gesture+verbal treatment for noun and verb retrieval in aphasia. 

Journal of the International Neuropsychological Society, 12, 867-882.  

Raymer, A., Kohen, F., & Saffell, D. (2006). Computerised training for impairments of word 

comprehension and retrieval in aphasia. Aphasiology, 20(2/3/4), 257-268.  

Raymer, A., Ciampitti, M., Holliway, B., Singletary, F., Blonder, L., Ketterson, T., …Gonzalez 

Rothi, L. (2007). Semantic-phonologic treatment for noun and verb retrieval impairments 

in aphasia. Neuropsychological Rehabilitation, 17(2), 244-270.  

Raymer, A., & Kohen, F. (2006). Word-retrieval treatment in aphasia:  Effects of sentence 

context. Journal of Rehabilitation Research & Development, 43(3), 367-378.  

Raymer, A., McHose, B., Smith, K., Iman, L., Ambrose, A., & Casselton, C. (2012). Contrasting 

effects of errorless naming treatment and gestural facilitation for word retrieval in 

aphasia. Neuropsychological Rehabilitation, 22(2), 235-266.  



Long-term recovery of naming abilities             37 
!

Rider, J., Wright, H., Marshall, R., & Page, J. (2008). Using semantic feature analysis to improve 

contextual discourse in adults with aphasia. American Journal of Speech-Language 

Pathology, 17, 161-172.  

Rodriguez, A., Raymer, A., & Gonzalez Rothi, L. (2006). Effects of gesture+verbal and 

semantic-phonologic treatments for verb retrieval in aphasia. Aphasiology, 20(2/3/4), 

286-297.  

Rose, M., Attard, M., Mok, Z., Lanyon, L., & Foster, A. (2013). Multi-modality aphasia therapy 

is as efficacious as a constraint-induced aphasia therapy for chronic aphasia:  A phase 1 

study. Aphasiology, 8, 938-971.  

Sachs, B. C., Lucas, J. A., Smith, G. E., Ivnik, R. J., Petersen, R. C., Graff-Radford, N. R., & 

Pedraza, O. (2012). Reliable change on the Boston Naming Test. Journal of the 

International Neuropsychological Society, 18(2), 375-378.  

Silkes, J., Dierkes, K., & Kendall, D. (2013). Masked repetition priming effects on naming in 

aphasia:  A phase 1 treatment study. Aphasiology, 27(4), 381-397.  

Stanczak, L., Waters, G., & Caplan, D. (2006). Typicality-based learning and generalization in 

aphasia:  Two case studies of anomia treatment. Aphasiology, 20(2/3/4), 374-383.  

van Hees, S., Angwin, A., McMahon, K., & Copland, D. (2013). A comparison of semantic 

feature analysis and phonological components analysis for the treatment of naming 

impairments in aphasia. Neuropsychological Rehabilitation, 23(1), 102-132.  

Wright, H., Marshall, R., Wilson, K., & Page, J. (2008). Using a written cueing hierarchy to 

improve verbal naming in aphasia. Aphasiology, 22(5), 522-536.  

 

 


