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Abstract 

Purpose: The ultimate goal of anomia treatment should be to achieve gains in exemplars 

trained in the therapy session, as well as generalization to untrained exemplars and contexts. 

The purpose of this study was to test the efficacy of phonomotor treatment, a treatment 

focusing on enhancement of phonological sequence knowledge, against semantic feature 

analysis (SFA), a lexical-semantic therapy that focuses on enhancement of semantic 

knowledge and is well known and commonly used to treat anomia in aphasia.

Methods: In a between group randomized controlled trial, 58 persons with aphasia 

characterized by anomia and phonological dysfunction were randomized to receive 56-60 

hours of intensively delivered treatment over 6 weeks with testing pre-, post- and three-months 

post treatment termination.   

Results: There was no significant between-group difference on the primary outcome measure 

(untrained nouns phonologically and semantically unrelated to each treatment) at 3 months 

post-treatment. Significant within group immediately post-treatment acquisition effects for 

confrontation naming and response latency were observed for both groups. Treatment-specific 

generalization effects for confrontation naming were observed for both groups immediately and 

3 months post-treatment; a significant decrease in response latency was observed at both time 

points for the SFA group only. Finally, significant within-group differences on the 

Comprehensive Aphasia Test – Disability Questionnaire were observed both immediately and 3 

months post-treatment for the SFA group, and significant within-group differences on the 

Functional Outcomes Questionnaire were found for both treatment groups 3 months post-

treatment. 
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Discussion: Our results are consistent with those of prior studies that have shown that SFA 

treatment and PMT generalize to untrained words that share features (semantic or phonological 

sequence, respectively) with the training set. However, they show that there is no significant 

generalization to untrained words that do not share semantic features or phonological sequence 

features.
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Introduction 

Aphasia, an acquired disorder of language typically following stroke involving the left 

cerebral hemisphere, negatively impacts daily life, the ability to return to work, and social 

relationships.  One common and particularly disabling symptom of aphasia is anomia, the 

inability to retrieve words, which results from underlying impairments of semantic, lexical-

semantic, and/or phonologic processes. Rehabilitation of aphasia, measured in terms of 

learning of trained items, is effective (Robey, 1994) and commonly delivered therapies, which 

typically focus on semantic attributes of words, have been shown to improve naming 

performance immediately following treatment.  Generalization to untrained words and contexts 

with these therapies, however, is typically limited to words that are semantically related to those 

in the training corpus (Wiseburn & Mahoney, 2009; Kiran & Thompson, 2003a; Edmonds & 

Babb, 2011).  An alternative to commonly delivered aphasia therapies, called Phonomotor 

treatment (PMT), focuses on improving knowledge of individual phonemes and phoneme 

sequences (i.e. phonological sequence knowledge).  Through a series of phase I and phase II 

trials, we have shown that intensively delivered PMT not only improves confrontation naming 

performance on trained words but, as predicted by the theory motivating it, achieves 

generalization and maintenance to naming of untrained words, some aspects of discourse 

production, and indicators of quality of life (Kendall et al., 2008; Kendall, Oelke, Brookshire, & 

Nadeau, 2015). Further, PMT has been shown to alter the linguistic network, as evidenced by a 

decrease in omission errors immediately post-treatment and 3 months later (Minkina et al., 

2015) and to improve oral reading of real words and nonwords following treatment (Brookshire, 

Conway, Hunting Pompon, Oelke, & Kendall, 2014). The long-term goal of this line of research 

is to establish an effective, viable, and evidence-based treatment program for word retrieval 

deficits in aphasia.   

The purpose of the present study is to test the efficacy of PMT, a treatment focusing on 

enhancement of phonological sequence knowledge, against semantic feature analysis (SFA),
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a lexical-semantic therapy that focuses on enhancement of semantic knowledge and is well 

known and commonly used to treat anomia in aphasia. Because the ultimate goal of aphasia 

treatment should be to improve daily verbal communication, hence performance with untrained 

exemplars, our primary outcome measure assesses generalization. Both the treatments used in 

this study have an intrinsic capacity for generalization to untrained exemplars that share 

features (Nadeau, 2015). 

PMT is motivated by a connectionist model of phonology (Nadeau, 2001; Nadeau, 2012; 

Nadeau, 2015) that has been extensively detailed (Kendall et al., 2008: Kendall et al. 2015; 

Kendall & Nadeau, 2016) and will be only briefly summarized here. The version of PMT used in 

the present study and the secondary outcome measure employed (generalization to untrained 

but phonologically related words) are precisely the same as those used in Kendall et al. (2015). 

The theoretical foundation for PMT is as follows: through the systematic training of phonemes 

(sounds) and phoneme sequences, the neural connectivity supporting phoneme sequence 

knowledge will be enhanced. For example, if one trains the phoneme sequence corresponding 

to “must” to criterion, the ability to say bust, dust, gust, just, lust, and trust will be enhanced 

because all these words share the rhyme features of “must.” Because phoneme articulatory 

sequences correspond to the word forms of concept representations founded on semantic 

knowledge, through bidirectional spread of activation between cortical substrates for semantic 

and phonologic sequence knowledge, generalization from treated phonemes can be expected 

to improve naming of untrained words and discourse production, both immediately after 

treatment and continued beyond treatment termination.  As in normal language development in 

children, when adults with anomia due to aphasia are trained in the phonemic sequence 

building blocks of word representations, they should be able to continue to build vocabulary 

after termination of treatment.   

The lexical/semantic-based treatment to which PMT will be compared in this study is 

SFA.  SFA is a treatment approach that aims to improve lexical retrieval through systematic 

5



stimulation of semantic features by elicitation of prompts about individual nouns (e.g. group, 

description, function, context and personal associations).  The hypothesis motivating this 

treatment is that strengthening connectivity in association cortices encoding semantic 

knowledge will increase the likelihood that trained and semantically related untrained words can 

be retrieved.  Thus, training the inter-feature connectivity in semantic cortices underlying the 

concept of dog will enhance the ability to form distributed concept representations of wolves, 

coyotes, and foxes because these creatures share so many attributes with dogs. A recent 

evidenced-based systematic review of the effectiveness of SFA (Maddy, Capilouto, & 

McComas, 2014) showed that SFA is an effective intervention for improving confrontation 

naming of items trained in therapy for individuals with aphasia (medium to large treatment 

effect), though limited generalization to untrained items and connected speech were reported in 

many of the included studies.  The limited generalization of SFA reflects the challenge of 

treating a sufficient number of semantic domains (e.g., tools and animals) and treating an 

adequate number of items in each domain to achieve broad generalization and translation to 

daily verbal communication. Enhancing neural connectivity supporting one semantic category 

does not generalize to a category that does not share semantic attributes. 

Naming therapy (simply having participants practice naming objects) theoretically 

should not generalize because, with the exception of onomatopoeic words and derivational 

forms, there is no relationship between word meaning and word sound. Because semantic 

knowledge and phonological sequence knowledge share no common features, there is 

essentially no opportunity for the semantic–phonological sequence knowledge network to 

acquire implicit knowledge of regularities in the relationship between word meaning and word 

sound through the course of language acquisition (in dramatic contrast to the domains of 

semantic knowledge and phonological sequence knowledge). In short, if you have learned to 
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name 40 objects, this knowledge provides no help in naming a heretofore unseen 41st object. 

Empirical studies bear this out (Wisenburn & Mahoney, 2009). 

Intrinsic generalization, the mechanism we sought to engage in this study, is based upon 

the extent to which untrained exemplars of any type share features with trained exemplars. With 

PMT, there is a potential for generalization to untrained exemplars that share phonological 

sequence elements with trained sequences. With SFA, there is the potential for generalization 

to untrained exemplars that share semantic features with trained entities. To fully understand 

intrinsic generalization, one needs to understand both the structure of the knowledge domain in 

question and what qualifies as a shared feature. In the phonological domain, words like “must”, 

“trust”, and “bust” share the same sequence domain by virtue of their shared rhyme segment. 

However, it remains to be determined whether some generalization might occur between 

sequences sharing smaller elements, e.g., the final consonant cluster “st”, both within the “ust” 

domain and in other sequence domains (e.g., blast, best, fist, most, and first). Within the domain 

of semantics, the sharing of features between dogs and wolves is extensive and obvious, but is 

there enough sharing between dogs and more atypical animal exemplars such as platypuses, 

sharks, or squids, to achieve generalization effects? 

At the time that this study was initiated, the phonological sequence landscape was 

poorly understood and the extent to which generalization could occur was unknown. We had 

only our own published studies and the modest effect sizes we had observed could have been 

related to many treatment parameters other than generalization constrained by sequence 

domain and segment length. On the other hand, there exists considerable evidence that 

capacity for generalization with SFA is limited, as theoretically predicted, to untrained exemplars 

that share many semantic features (e.g., body parts, food, and clothing), but the role of feature 

distance, though less well understood, is likely to be important, e.g., the relationship between 

finger and thumb is likely to be stronger than between finger and lung. Thus, for both phonologic 
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sequence knowledge and semantic knowledge, much remains to be learned about the structure 

of the knowledge domains and what qualifies as a shared feature for treatment purposes. 

All participants in this study had to have both anomia and phonological dysfunction: 

anomia because improvement of ability to produce major lexical items on confrontation naming 

was the goal of the study; and phonological impairment because PMT seeks to improve anomia 

by rehabilitating lost phonological sequence knowledge. The combination of anomia and 

phonological impairment is by far the most common pattern in post-stroke aphasia because 

aphasia due to stroke is most often caused by middle cerebral artery (MCA) occlusion or 

putamenal hemorrhage. With MCA occlusion, ischemia is maximal in the insula and in 

perisylvian cortex, which is the substrate for phonological sequence knowledge (Nadeau, 2001; 

Nadeau & Crosson, 1997). With putamenal hemorrhage, perisylvian cortex and its juxtacortical 

white matter are damaged by compressive and hemato-toxic mechanisms. All participants in 

this study have lesions in the perisylvian region and are thus representative of the general 

population of people with stroke-related aphasia. 

The primary aim of this study is to determine if PMT or SFA is more effective for 

improving word retrieval deficits in individuals with aphasia. The following research questions 

were asked: 

Primary Question:  

1. Is there a significant between group difference in confrontation naming accuracy and

response latency, measured 3 months post treatment, for nouns that are untrained

as well as semantically and phonologically unrelated to trained stimuli?

Secondary Questions:  

2. Acquisition:  Is there a significant within group difference in confrontation naming

accuracy and response latency for trained nouns measured at treatment completion?

3. Lexical-Semantic Generalization:  Is there a significant within group difference,

immediately post treatment termination and 3 months later, for confrontation naming

8



of nouns that are both untrained as well as semantically and phonologically related to 

trained stimuli?  

4. Ecological validity:  Do these treatments achieve a significant between or within

group difference in two measures of ecological validity immediately and 3 months

post treatment?

Methods 

Study Design 

The design of this study was a between group randomized controlled trial with repeated 

testing.  Following randomization, all participants received testing one week prior to treatment 

(A1), immediately following treatment (A2), and again three months following the termination of 

treatment (A3). Standardized assessments and outcome measures were administered at all 

assessment periods (A1, A2 and A3). Individual, impairment-based speech therapy outside of 

the study was not permitted while participants were enrolled but participation in group 

communication therapy was allowed. 

Participants  

Participants were recruited through the Puget Sound Veterans Affairs Healthcare 

System (Seattle and American Lake) and the University of Washington/Portland State University 

Northwest Aphasia Registry and Repository, as well as area speech-language pathology clinics. 

Ninety-six participants were screened and twenty-one failed the screen due to prior neurological 

events.  Fifteen individuals passed the screen and were deemed eligible but declined to 

participate.  A total of 60 participants were recruited and enrolled and 58 completed the 

treatment protocol. One enrolled individual completed the treatment protocol and A1-A2 testing 

but did not participate in A3 testing for personal reasons. Two individuals were withdrawn from 

the study after consent (one following discovery of pre-morbid head trauma and a second 

following a personal emergency). This study was conducted under the auspices of the 
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University of Washington Institutional Review Board and all participants personally provided 

informed consent to take part in the study. 

All participants exhibited chronic aphasia (>6 months post-onset) due to predominantly 

left-hemisphere damage due to stroke. Using computed tomography (CT) or magnetic 

resonance imaging (MRI) scans, lesion type, locus, and extent of brain damage were 

characterized and interpreted to determine study eligibility. Neurological damage was 

characterized using a system like that used in the Locomotor Experience Applied Post-Stroke 

trial (LEAPS; Nadeau, Dobkin, Wu, Pei, & Duncan, 2016). The LEAPS assessment was 

completed by a board certified neurologist (last author of this paper). Lacunar infarcts and mild to 

moderate leukoaraiosis in the nondominant hemisphere were not exclusionary because their impact 

on cognitive function would be minimal, even as excluding all patients with these findings would 

have seriously compromised recruitment. There were two patients who were exceptional in terms of 

their lesions: one had a crossed aphasia and the other had an old infarct in the right calcarine cortex. 

Study inclusion required that participants demonstrate anomia, determined via 

performance on the Comprehensive Aphasia Test (CAT; Swinburn, Porter, & Howard, 2004), 

and sufficient auditory comprehension to follow basic directions. Inclusion also required the 

presence of phonological dysfunction, as defined by the Standardized Assessment of 

Phonology in Aphasia (SAPA; Kendall et al., 2010). Participants with mild to moderate apraxia 

of speech were included (see details below). Individuals were excluded from study participation 

if they exhibited untreated depression, degenerative neurological disease, chronic medical 

illness that would be disrupted by the rigorous study schedule (i.e., chronic kidney disease 

requiring dialysis), and/or severe, uncorrected impairment of vision or hearing.  

Apraxia of speech was determined perceptually using data gathered during the 

evaluation. Two speech-language pathologists evaluated speech/language behaviors using 

video-taped data from, but not limited to, picture description, spontaneous conversation, 

automatic speech, repetition of words of increasing length, and multiple repetition of 3-syllable 
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words.  Participants were examined for the following behaviors: slow speech rate (lengthened 

sounds and/or syllable or word separations), sound distortions (including distorted 

substitutions), and prosodic abnormalities (Duffy, 2013; Wambaugh, Duffy, McNeil, Robin, & 

Rogers, 2006). Severe apraxia of speech was defined as a limited repertoire of speech sounds, 

speech limited to a few meaningful utterances, automatic speech not better than volitional 

speech, and inability to repeat isolated phonemes. 

Fifty-eight total participants completed the treatment protocol. The 30 participants who 

completed SFA were, on average, 63.4 years of age (SD=12.3), had 15.2 years of education 

(SD=2.8), and were 4.1 years post-stroke onset (SD=4.7); 18 were males and 12 were females 

(see Table 1). The 28 participants who completed PMT were, on average, 63.3 years of age 

(SD=10.6), had 14.3 years of education (SD=2.0), and were 4.3 years post-stroke onset 

(SD=4.7); 15 were males and 13 were females (see Table 2). Fifty-six individuals were 

monolingual English speakers, and two were multi-lingual. During screening procedures, multi-

lingual speakers were asked about English usage prior to stroke onset, and participants were 

excluded if English was not spoken fluently prior to that point in time.  

 

Randomization 

Participants were randomized in pairs to one of two treatment conditions at the 

beginning of each new testing cycle, so that one participant received SFA and one received 

PMT.  To control for aphasia severity within each treatment arm of the trial, each participant 

received a severity rating prior to randomization.  Aphasia severity was determined using a 

binary system of "more" or "less" impaired based on performance on subtests of the CAT 

(Subtests #7, #9, #11– comprehension of spoken words/sentences/paragraphs; Subtests #12, 

#13, #16 – repetition of words/complex words/sentences). Individuals whose scores fell 

predominantly below a standard score of 50 were deemed more impaired, whereas individuals 

whose scores fell predominantly above a standard score of 50 were deemed less impaired. In 
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rare cases in which severity was ambiguous (i.e., half of subtests scores above 50, half below 

50), the administering speech-language pathologist shared clinical judgment and scores from 

other standardized measures with the research team to collectively arrive at a severity rating. 

Once a severity rating was determined for each participant, the participant ID number and 

severity rating were entered into a program that used a modified version of Pocock’s (1983, 

1975) minimization method for randomization. In the current study, a paired, rather than an 

unpaired, version was used. Once individual participant information was entered, an imbalance 

score was computed for each of the two possible randomization assignments (SFA/PMT or 

PMT/SFA). Each treatment group was closely balanced in its constitution of “more” or “less” 

severe participants. It should be noted that while the CAT subtests used for randomization 

typically produce continuous variables, these were converted to categorical variables in order to 

use the paired version of Pocock’s minimization randomization method. However, as can be 

seen in Tables 1 and 2, the SFA and PMT groups were also balanced when CAT subtest scores 

were reported in their standardized, continuous variable form.   

Treatment administration 

 All participants received 56-60 hours of treatment in a massed treatment schedule. 

Therapy was administered by a licensed and certified research speech-language pathologist 

(second and third authors). Therapy was delivered for a total of 8-10 hours/week over the 

course of six to seven weeks. Each participant was seen for approximately two hours of therapy 

per day (two 45-50 minute sessions with a 10-minute break between sessions). Participants 

were seen at the site most convenient for them, which was either their home, the university, or 

another quiet location. The two research speech-language pathologists received training on the 

treatment protocol by the first author. Training involved direct observation, supervised treatment 

administration, and daily review of therapy tasks and procedures for the first 60 hours of 

treatment. Ongoing training was conducted through discussions during weekly lab meetings 

with the two research speech-language pathologists and first author. 
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Treatment fidelity was monitored by graduate students who evaluated ten-minute, 

randomly selected audio samples that were recorded in 20% of the therapy sessions (i.e., one 

day each week). The evaluator analyzed the recordings using a pre-determined checklist of 

essential therapy components. There were six key therapy components identified for PMT and 

nine key therapy components for SFA. When the speech-language pathologist who was 

delivering treatment delivered the key component, the evaluator gave it a score of 1. If the 

element was not present in the ten-minute sample, it was given a score of 0. Fidelity was 

calculated by averaging the percent of treatment elements that were present in each sample. 

The average treatment fidelity across weeks and participants was 96.75% for PMT and 99.51% 

for SFA.   

Treatment procedures  

This study investigated the effects of two intensively delivered treatments: SFA (Boyle, 

2004; Boyle & Coelho, 1995), a lexical-semantic based treatment, and PMT (Kendall et al., 

2008; Kendall et al., 2015), a phoneme-based treatment. Both treatments are described in detail 

in the Appendices (Appendix 1 and Appendix 2, respectively).  

Treatment stimuli.  

Phonomotor treatment stimuli. 

Treatment stimuli were created using the same methods as those described in previous 

studies (Brookshire et al., 2014; Kendall et al., 2015; see Table 3). Thirty-nine real words and 72 

nonwords were trained. These were phonotactically-legal one and two-syllable words of low 

phonotactic probability (PP) and high neighborhood density (ND), as determined by methods 

similar to those outlined in Vitevitch and Luce (1999). The rationale for using words of low PP 

and high ND derives from work done by Storkel, Armbruster, and Hogan (2006), in which 

greater learning occurred with words characterized by these phonological sequence properties.  

 Semantic feature analysis treatment stimuli. 
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Treatment stimuli consisted of 80 highly imageable nouns from eight semantic 

categories (see Table 4). Participants were given either a high- or low-frequency word set based 

on naming performance on standardized tests and the POM screen(see below under primary 

outcome measure). When the appropriate word set was not easily determined, a larger corpus 

of 240 nouns, taken from both frequency sets, was administered to determine whether 

participants would receive training on the high- or low-frequency treatment set of words. Of the 

nouns in each semantic category, ten from each frequency set were chosen for training, and an 

additional five items were used to assess generalization to untrained responses.  

Outcome measure description 

Primary outcome measure 

The primary outcome measure addresses Research question #1 testing generalization 

and maintenance:  Is there a significant between group difference in confrontation naming 

accuracy and response latency of untrained nouns that are linguistically unrelated to either 

treatment measured 3-months post treatment termination? 

Stimuli for POM were comprised of untrained nouns taken from the Philadelphia Naming 

Test (PNT; Roach, Schwartz, Martin, Grewal, & Brecher, 1996) and the Object and Action 

Naming Battery (O&A; Druks & Masterson, 2000). A corpus of 50 nouns was chosen from the 

two tests. To mitigate effects of generalization within semantic category (for SFA) or within 

phonological sequence domain (for PMT), the nouns used in POM did not belong to one of the 

eight trained SFA categories used in treatment and did not include the phonological sequence 

domains trained in PMT.  

Although the PNT and O&A stimuli were balanced according to the Francis and Kučera 

(1982) written frequencies, for this study the smaller set of 50 nouns was categorized and 

balanced according to SUBTLEX-US verbal word frequencies (Brysbaert, New, & Keuleer, 

2012). High- versus low-frequencies were categorized based on a median split (Storkel, et al., 
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2006). Once the word lists were finalized, corresponding non-contextualized, color photographic 

images were collected. In the first testing session, a POM screen was administered which 

included all 50 noun images presented randomly on a computer screen to elicit confrontation 

naming responses. Based on performance in this initial testing session, participants were 

assigned to either the high- or low-frequency word list in subsequent sessions.  

Within group outcome measures 

These secondary outcome measures address Research Questions #2 and #3: Is there a 

significant within group difference in confrontation naming accuracy and response latency for 

trained and untrained nouns measured at treatment completion and 3-months post treatment 

termination? 

For participants receiving SFA, 240 total nouns were chosen from the English noun 

imageability dataset (N=2877 English nouns; Reilly & Kean, 2007) and supplemented by the 

SUBTLEX-US database (Brysbaert et al., 2012). These 240 nouns were sorted into eight 

different semantic categories: Body Parts, Clothing and Accessories, Food and Beverages, 

Household, Sports/Hobbies/Recreation, Nature, Occupations, and Transportation. Each 

category contained 15 high- and 15 low-frequency nouns. Noun verbal frequency information 

was found using the SUBTLEX-US word list. High- versus low-frequencies were categorized 

based on a median split (Storkel et al., 2006). All semantic categories had a median frequency 

of 308-475. Within semantic categories, high- and low-frequency word groups were statistically 

different from one another (p < 0.01). Finally, across semantic categories, averages were 

balanced (low-frequency range 111-229, SD = 43; high-frequency range 845-995, SD = 48) and 

were not statistically different. Once the word lists were finalized, corresponding non-

contextualized, color photographic images were collected. Prior to administration to participants, 

these stimulus pictures were given to five neurologically healthy controls to ensure stimulus 

fidelity. Stimulus pictures were only used if inter-rater agreement was 100%. 
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For participants receiving PMT, both trained (N=39) and untrained (N=21) nouns were 

further assessed through confrontation naming. Phonotactic probabilities and neighborhood 

densities for the 60 total nouns were calculated using The Irvine Phonotactic Online Dictionary 

(IPHOD) calculator Version 2.0 (Vaden, Halpin, & Hickok, 2009). A number of linguistic 

properties were controlled, including frequency, imageability, age of acquisition, syllable number 

and complexity, and semantic category. Once the word lists were finalized, corresponding non-

contextualized, color photographic images were collected. Prior to administration to participants, 

these stimulus pictures were given to five neurologically healthy controls to ensure stimulus 

fidelity. As with SFA stimuli, stimulus pictures were only used if inter-rater agreement was 

100%. 

Ecological validity 

These secondary outcome measures address Research Question #4: Is there a 

between group difference in measures of ecological validity? 

Ecological validity was assessed using two paper-based communication questionnaires: 

the Functional Outcome Questionnaire-Caregiver (FOQ-A; Glueckauf et al., 2003) and the 

Comprehensive Aphasia Test Disability Questionnaire (CAT-DQ; Swinburn et al., 2004). The 

FOQ is a measure given to a proxy rater, an unpaid family member or friend intimately familiar 

with the participant’s communication, to assess everyday communicative function.  The CAT-

DQ is a participant-rated questionnaire administered by a speech-language pathologist to 

determine the impact of aphasia.  

Outcome measure administration 

Primary and secondary outcome measures involving confrontation naming (RQs 1-3) 

were administered two to three times over the course of one week at pre-treatment (A1), 

immediately post-treatment (A2), and three-months post-treatment (A3) time points. Measures 

of ecological validity (RQ 4) were administered one time during each testing period.  
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All confrontation naming measures were administered using Microsoft Office 2013 

Power Point using a Dell Latitude 7370 laptop and HP EliteDisplay S140u (14-inch) display, or a 

Dell Optiplex 9020 Desktop and a Dell 24-inch monitor. Participants were seated approximately 

30 inches from the screen and wore an Audio-Technica Power Module AT8531 head-mounted 

microphone connected to a Tascam US-125M USB mixing audio interface to audio-record 

responses. Participant verbal responses were recorded using Adobe Audition CS6 Version 5.0 

software. For naming probes, participants received a brief practice session to train to task 

before stimuli were presented. They were asked to name the stimulus on the screen, which was 

presented for ten seconds, followed by a blank white screen for a brief period (2-10 seconds, 

depending on individual participant needs) before the next stimulus was presented. No cues 

were given to participants during confrontation naming tasks. Each stimulus and blank screen 

was paired with a click to mark the onset of stimulus presentation for later analyses of response 

latency.  

Outcome measure analysis 

The recorded verbal responses were scored for accuracy and response latency by 

trained research assistants (undergraduate or post-baccalaureate students in the University of 

Washington department of Speech and Hearing Sciences). The first verbal response was 

scored as either correct or incorrect. Verbal fillers or stereotypic verbalizations were not counted 

as a response. Phonologic errors (substitutions, additions, omissions, transposition, or mixed), 

semantic errors, neologisms, unrelated real words, nonresponses, and nonresponses with 

circumlocutory descriptions were all deemed incorrect. Motor speech errors (distortions that did 

not cross a phonemic boundary with perceptible place, manner, voice, or timing deviation; 

inserted schwa) were counted as correct (Bislick, McNeil, Spencer, Yorkston, & Kendall, 2017). 

Response latency was measured from the offset of the click to the onset of the participant 

response.    

Reliability 
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Point-to-point reliability was performed on 10% of all confrontation naming outcome 

measures.  Inter-rater reliability scoring was performed by a member of the data analysis team 

using audio recordings of the session. Ten percent of items were randomly selected by the rater 

for scoring (i.e. the scorer would choose a place in the audio recording of the probe session and 

score the first production after a click at that time in the recording). For participants with 

predominantly anomic, neologistic or unintelligible responses, where it was not possible for the 

rater to determine the target word when listening to random points in the recording, the rater 

scored the first 10% of items starting at the beginning of the recording. The time period between 

initial scoring and intra-rater reliability scoring was not controlled. Inter-class correlations 

demonstrated intra-rater reliability of 1.0 and inter-rater reliability of 0.98. 

Effect Size 

Effect size for each group was calculated for each of the outcome measures. Effect size 

was calculated by taking the mean of the change in scores for each participant in the group, and 

dividing by the standard deviation of the baseline scores. Criteria for judgment of effect size 

magnitude are those of Cohen (1998): 0.2 = small; 0.5 = medium; and 0.8 = large.  

Statistical analysis 

The primary analysis tested whether the improvement in POM differed between the two 

treatment groups.  Analysis of variance was used to test whether change in POM from A1 to A2 

differed between the groups after controlling for POM at A1.  This analysis was repeated for 

change in POM from A1 to A3.  Additional analyses tested whether there was evidence of 

improvement in POM within each treatment group.  Within each treatment group, paired t-tests 

were used to test whether the mean change in POM differed significantly from zero.  Secondary 

outcome measures were analyzed using these same methods.  No multiple comparison 

adjustments were applied to p-values.  This is appropriate since the primary analysis was 

specified in advance.  However, results for secondary outcomes need to be interpreted 

cautiously in light of the multiple comparisons. 
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Results 

Compliance with therapy completed by participants was 100%.  An overview of the 

results is provided here and details are outlined in the Primary and Secondary Outcome Results 

sections. In brief, there was no significant between-group difference on POM (untrained nouns 

that were semantically and phonologically unrelated to each treatment, at 3 months post-

treatment). Significant within group immediately post-treatment acquisition effects for 

confrontation naming and response latency were observed for both groups. Treatment-specific 

generalization effects for confrontation naming were observed for both groups immediately and 

3 months post-treatment; a significant decrease in response latency was observed at both time 

points for the SFA group only. Finally, significant within-group differences on the CAT-DQ were 

observed both immediately and 3 months post-treatment for the SFA group, and significant 

within-group differences on the FOQ were found for both treatment groups 3 months post-

treatment.  

Primary outcome results 

Research Question 1 examined between-group difference in generalization to untrained 

nouns at 3 months post-treatment. The primary outcome measures for this study were 

confrontation naming and response latency for untrained nouns that were unrelated, 

semantically or in terms of phonological sequence, to the stimuli used in treatment for the two 

groups. Results are summarized in Table 5.  

Pretreatment naming accuracy was 40.33% (SD = 24.0) for the PMT group and 44.09% 

(SD = 28.7) for the SFA group, with no significant between-group difference (p = .592). 

Absolute change scores at 3 months post-treatment were 3.67% (SD = 8.9) (ES=0.15) for the 

PMT group and 4.26% (SD = 8.6) (ES = 0.15) for the SFA group, with no significant between-

group difference in change score (p = .797).  

23



Pretreatment response latency was 1.49s (SD = 0.54) for the PMT group and 1.40s (SD 

= 0.67) for the SFA group, with no significant between-group difference (p = .621). Change 

scores at 3 months post-treatment were -0.03s (SD = 0.36) for the PMT group and -0.06s (SD = 

0.63) for the SFA group, with no significant between-group difference in change score (p = 

.632). 

Secondary outcome results

Acquisition 

Research Question 2 examined within group differences for trained nouns immediately 

following treatment completion. Results are summarized in Table 6. 

PMT Group. 

Pre-treatment naming accuracy was 34.97% (SD = 24.58) and immediately post-

treatment was 53.01% (SD = 29.71), indicating an 18.04% absolute increase in performance (p 

= .000; ES = 0.73). Pre-treatment response latency (in seconds) was 1.66s (SD = 0.63) and 

immediately post-treatment was 1.33s (SD = 0.50), indicating a 0.33s decrease in latency (p = 

.012; ES = 0.52). 

SFA Group. 

Pre-treatment naming accuracy was 34.81% (SD = 21.28) and immediately post-

treatment was 50.37% (SD = 29.79), indicating a 15.56% absolute increase in performance (p = 

.000; ES = 0.73). Pre-treatment response latency was 1.92s (SD = 0.57) and immediately post-

treatment was 1.51s (SD = 0.58), indicating a -0.42s change in latency (p = .000; ES = 0.48). 

Treatment-specific Generalization 

Research Question 3 examined within group generalization to untrained nouns related to 

treatment stimuli, either in phonological sequence (for PMT) or semantically (for SFA), 

immediately and 3 months post-treatment. Results are summarized in Table 7. 
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PMT Group. 

Pre-treatment naming accuracy was 36.25% (SD = 25.70). Immediately post-treatment 

accuracy was 40.39% (SD = 27.36), indicating a 4.14% absolute increase in performance (p = 

.000; ES = 0.17). Three months post-treatment accuracy was 40.47% (SD = 26.54), indicating a 

4.23% absolute increase in performance (p = .001; ES = 0.17). Pre-treatment response latency 

was 1.61s (SD = 0.67). Immediately post-treatment response latency was 1.58s (SD = 0.66), 

indicating a -0.03s change in latency (p = .687; ES = -0.13). Three months post-treatment 

response latency was 1.49s (SD = 0.58), indicating a -0.06s change in latency (p = .563; ES = 

0.12). 

SFA Group. 

Pre-treatment naming accuracy was 35.42% (SD = 22.18). Immediately post-treatment 

accuracy was 42.24% (SD = 25.57), indicating a 6.82% absolute increase in performance (p = 

.000; ES = 0.31). Three months post-treatment accuracy was 41.70% (SD = 25.45), indicating a 

5.06% absolute increase in performance (p = .002; ES = 0.31). Pre-treatment response latency 

was 2.00s (SD = 0.67). Immediately post-treatment response latency was 1.54s (SD = 0.57), 

indicating a -0.46s change in latency (p = .003; ES = 0.65). Three months post-treatment 

response latency was 1.50s (SD = 0.51), indicating a -0.48s change in latency (p = .001; ES = 

0.69). 

Ecologic Validity 

Research Question 4 examined between and within group differences on two measures 

of ecologic validity immediately and 3 months post-treatment: the FOQ (caregiver report) and 

the CAT-DQ (patient report). Results are summarized in Table 8.  

FOQ. 

For the PMT group, scores on the FOQ were 3.49 (SD = 0.84) pre-treatment, 3.68 (SD = 

0.74) immediately post treatment (change score = 0.192; p = .057; ES = 0.0), and 3.76 (SD = 
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0.82) 3 months post-treatment (change score = 0.274; p = .013; ES = 0.27). For the SFA group, 

scores on the FOQ were 3.69 (SD = 0.80) pre-treatment, 3.83 (SD = .75) immediately post-

treatment (change score = 0.136; p = .161; ES = 0.15); and 3.96 (SD = 0.85) 3 months post-

treatment (change score = .309; p = .016; ES = 0.03). There was no significant difference in 

change scores between the PMT and SFA groups immediately or 3 months post-treatment. 

CAT-DQ. 

For the PMT group, scores on the CAT-DQ were 53.79 (SD = 5.2) pre-treatment, 52.72 

(SD = 3.4) immediately post treatment (change score = 1.07; p = .110; ES 0.21) and 55.65 (SD 

5.0) 3 months post treatment (change scores = 1.07; p = .060; ES 0.36).  For the SFA group, 

scores on the CAT-DQ were 54.59 (SD = 4.17) pre-treatment, 56.07 (SD = 5.28) immediately 

post-treatment (change score = 1.48; p=.036; ES = 0.34), and 56.96 (SD = 5.02) 3 months post-

treatment (change score = 2.15; p = .005; ES = 0.36). There was no significant difference in 

change scores between the PMT and SFA groups immediately or 3 months post-treatment. 

 

Discussion 

The objective of this study (Research Question 1) was to compare, using a randomized, parallel 

group trial design, the efficacy of PMT relative to SFA in improving production of untrained nouns on 

an object naming task 3-months after conclusion of treatment.  There was no significant between-

groups difference on the primary outcome measure (untrained nouns phonologically and semantically 

unrelated to each treatment) at 3 months posttreatment (p = .797).

Both treatments were efficacious in improving naming of trained words (ES for both 

0.73)(Research Question 2) and in improving naming of untrained words that shared features (semantic 

or phonologic sequence) with the training set (Research Question 3), though the effect sizes were small 

(0.31 for SFA, 0.17 for PMT). Thus, there is evidence of learning of trained material with both 

treatments and there is evidence (small ESs) of generalization to untrained exemplars with shared 

features. However, no between group differences were noted at 3 months on words that did not share 
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features with the training sets. Both treatments yielded improvements in measures of ecological validity 

(Research Question 4) but the effect sizes were small (0.03 for SFA, 0.27 for PMT on the FOQ; 0.36 for 

both on the CAT-DQ). Group differences in these gains were not statistically significant. 

Prior studies using SFA have shown mixed generalization results likely due to the type of SFA 

treatment delivered or the effect of repeated exposure to generalization probes throughout the study 

(Boyle, 2010).  The lack of generalization to untrained semantic domains also could be explained on 

the basis of lack of semantic features shared between domains. More recent work, employing an 

innovative semantic therapy, Verb Network Strengthening Treatment (VNest; Edmonds, Mammino, & 

Ojeda, 2014), suggests that there may be ways of getting around this limitation. VNest centers on the 

use of verbs. Because verbs prime nouns (agents or patients;  Ferretti, McRae, & Hatherell, 2001) and 

nouns prime verbs (McRae, Hare, Elman, & Ferretti, 2005) and many verbs have synonyms (e.g., 

weigh, measure, quantify, assess, gauge, and plumb), VNest is theoretically capable of training the 

relationships between semantic features across a wide extent of semantic knowledge and transcending 

individual semantic domains. It is also a treatment that could easily be translated into a “game” that 

would be played by the participant with family and friends. PMT, in its present iteration, was designed 

with the concept that trained phonological sequence knowledge would generalize to untrained 

sequence knowledge. Ultimately, enhancement of phonological sequence knowledge could benefit the 

production of all words in the language. Unfortunately, the results of the present trial suggest that such 

generalization did not occur.  

In neural network terms, failure of clinically significant generalization is likely to have occurred 

because phonological sequences are generally too sparsely coded, providing little basis for shared 

features between sequences. This stands in contrast to semantic domains, e.g., animals, which tend to 

be densely coded, hence a high prevalence of shared features (even as coding between semantic 

domains, such as between animals and tools, is sparse). These considerations raise two questions. 

First, do there exist subdomains of phonological sequence knowledge that share features and that are 

sufficiently common in spoken language that achievement of generalization in these subdomains would 
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likely benefit performance with untrained exemplars and in daily verbal communication? Second, can 

PMT be modified to incorporate a set of training stimuli that are sufficiently commonly used in daily 

communication that this knowledge would be useful, even if it did not generalize to all phonological 

sequences? In a learning study, Storkel et al. (2006) showed a moderate advantage for low probability, 

high neighborhood density phonologic sequences — a finding that motivated the design of the PMT 

training set. However, their study did not speak to generalization effects. 

Low frequency phonological sequences were employed in PMT on the assumption that they 

represented atypical exemplars. In a parallel distributed processing simulation involving “rehabilitation” 

of a trained semantic-phonological (lexical) network that had been damaged, Plaut (1996) found that 

rehabilitation of atypical exemplars benefitted network performance with both typical and atypical 

exemplars. This was because rehabilitating atypical exemplars also strengthened connectivity 

supporting typical exemplars but training typical exemplars could not strengthen connectivity 

incorporating atypical features. The generalization value of training atypical exemplars was 

subsequently borne out in a clinical trial employing a semantic feature treatment that involved naming, 

picture sorting, identifying semantic attributes, and answering yes/no questions about the semantic 

features of an item (Kiran & Thompson, 2003b). The current study, however, suggests that in the 

domain of phonological sequence knowledge, it is a mistake to regard low frequency exemplars as 

atypical in this same sense because they do not share enough features with higher frequency 

exemplars to generalize. 

Finally, the iteration of PMT employed in this trial also incorporated training stimuli with large 

phonological neighborhoods. This was to maximize the number of semantic representations that, over 

time and with further acquisition of semantic-phonological (lexical knowledge) through Hebbian learning 

in day to day life, could be linked to the trained phonological sequences. The results of this trial do not 

enable us to judge the wisdom of this approach. 

Future directions 
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In a preliminary analysis of the words and nonwords used in the PMT training set and the 

words used in the POM, we have applied the methodology of Vitevitch, Luce and Castro 

(Vitevitch & Castro, 2015; Vitevitch & Luce, 2016). This has revealed that there is very little 

phonological sequence similarity between the training set and POM exemplars. However, there 

do exist large realms of phonological sequence knowledge in which the sequences share many 

similarities (in analogy to semantic domains). Thus, it appears possible to redesign PMT such 

that it will have a much higher probability of yielding generalization to a redesigned POM. 

However, this redesign would involve explicitly training phonological sequences held in common 

with words that might be tested in follow-up. The treated words would need to generalize to 

untreated words in the same phonological sequence domains (a secondary outcome measure). 

However, the value of such domain-limited treatment for generalization to every day verbal 

communication, which spans all phonological sequence domains, would also have to be tested. 

Therefore, the primary outcome measure would necessarily become a discourse measure. 

These issues and our analysis of our PMT stimuli and the POM will be the subject of a follow-up 

paper. 

Very strict scoring criteria were used in this study to assess performance on the POM. 

However, the ultimate goal of therapy for aphasia is to enhance daily verbal communication. In 

such communication, errors might be perfectly acceptable so long as they do not obscure 

meaning. Thus, many, if not most, phonemic substitutions (so long as they do not yield abstruse 

neologisms) and semantic near-miss errors might be acceptable. 

Conclusion 

The results of this randomized controlled trial of intensively delivered PMT and SFA in 58 

participants with chronic post-stroke aphasia with anomia provides evidence that neither PMT 

nor SFA yielded clinically superior generalization to words that were untrained and neither 

semantically nor phonologically related to either training set (ES’s were small).  Each treatment 
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produced predicted improvement in trained and untrained words that were semantically (SFA) 

and phonologically (PMT) related to the training sets, consistent with prior studies.  

The lack of generalization is problematic in all anomia treatments and was evidenced in this 

trial. As such, we do not advocate translating either PMT or SFA to clinical practice, both 

because the limited generalization does not justify the magnitude of the treatment effort and 

because what we are reporting is the results of a phase II trial. A larger, phase III trial would be 

necessary to assure that the results reported are statistically representative of the general 

population of patients with aphasia characterized by anomia and phonological impairment. We 

are hopeful that further refinements of PMT and SFA will achieve sufficiently large effect sizes 

on measures of generalization to warrant their translation to the clinic, either individually or, in 

many patients, in sequence, since many patients have both phonological and semantic 

impairment. Other treatments tested in large numbers of aphasic patients, e.g. intensive 

comprehensive aphasia programs (Babbitt, Worrall, Cherney, 2015; Breitenstein, Grewe, Floel, 

Ziegler, Springer and Martus, 2017; Dignam, Copland, McKinnon, Burfein, O’Brien, Farrell, 

2015; WinansMitrik, Hula, Dickey, Shumacher, Swoyer, Doyle, 2014) and constraint induced 

language therapy (Meinzer, Djundja, Barthel, Elbert, Rockstroh, 2005; Meinzer, Streitfau, 

Rockstroch, 2007), treatments that may achieve their effect through improving intentionality to 

speak, have also achieved small effect sizes in the 0.18 to 0.32 range. There are ways in which 

these treatments could potentially be improved to increase effect size. There are still other 

mechanisms of generalization that have scarcely been tested (Nadeau, 2015). These small 

effect sizes also point to the need to increase the neural substrate for language function 

through neurobiological interventions in the days, weeks and months following stroke (Cramer, 

2015).  Because, on average, the treatment control that is achieved in clinical trials is probably 

not achieved in the clinic, we believe that research is needed on mechanisms by which speech 

language therapists benefit patients and how these mechanisms can be better leveraged. 

Clinical observation suggests that therapists may have a profound influence on the 
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psychological wellbeing and outlook of patients dealing with one of the worst turns of their 

lives. Finally, generalization is not a sine qua non of all aphasia therapy: Some patients, 

particularly those with rudimentary language function, may benefit from learning a very limited 

number of words of particularly high communicative significance.
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