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The Phonomotor Approach to
Treating Phonological-Based
Language Deficits in People
With Aphasia
Diane L. Kendall and Stephen E. Nadeau
The phonomotor treatment program for treating word-retrieval deficits among people with aphasia
is inspired by a parallel distributed processing model of lexical processing and is focused at the level
of individual phonemes and phoneme sequences. Because verbal production of words involves
the translation of a lexical-semantic representation into phonological representations, training the
repertoire of phonological sequences should enable individuals with anomia to regain the ability
to learn words and sequences, generalize to linguistic items not trained, and continue growth
following treatment termination. The development and refinement of the phonomotor treatment
program, which began in 2000, have followed the 5-phase model for communication disorders and
sciences framework outlined by R. Robey (2004). To date, there have been 8 published articles
on the phonomotor treatment program. A large-scale randomized trial comparing phonomotor
with standard of care for word-retrieval deficits is underway. The goal of this article is to review
the theoretical framework, treatment procedures, current evidence, and future directions of the
phonomotor protocol. Key words: anomia, aphasia, phonomotor, rehabilitation, treatment
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Phonology is a subfield of linguistics
concerned with patterning of sounds in
language and is a medium by which sound
information is mapped onto higher levels
of language such as words. There are theoretical notions supporting phonology in
normal language (Blumstein, 1998; Nadeau,
2001). Impaired phonological processes in
adult aphasia have been linked to problems
in reading (Adair et al., 2000; Conway
et al., 1998; de Partz, 1986; Kendall, Conway,
Rosenbek, & Gonzalez-Rothi, 2003; Kendall,
McNeil, & Small, 1998), language comprehension (Blumstein, 1998; Heilman, Alexander,
& Voeller, 1996; Milberg, Blumstein,
& Dworetzky, 1988), working memory
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(Baddeley & Hitch, 1974; Friedman, 2000),
and speech production (Browman &
Goldstein, 1992; Nadeau, 2001). One particular consequence of phonological disturbance
in aphasia results in anomia, a particular
common and disabling problem of word
production. Anomia may be caused by ischemic damage to the neurological substrate
for meaning (semantics); damage to the
substrate for phonemic and phonological
sequence knowledge; or damage to connections between semantic and phonological
substrates, resulting in loss of lexical-semantic
knowledge.
Typically, anomia is remediated using real
words (nouns or verbs) and tasks such as confrontation naming, repetition, orthographic
and phonological cueing, semantic feature
analysis, and picture matching using auditory or written words. Although these traditional aphasia therapies have been shown
to improve naming performance, generalization can be limited (Wisenburn & Mahoney,
2009). Knowledge gained by the patient may
be limited to the words actually trained, with
only modest improvement in naming performance with untrained words (Edmonds,
Nadeau, & Kiran, 2009; McNeil et al., 1997;
Nickels, 2002). The effectiveness of these
treatment approaches has been assessed in
a meta-analysis of 44 studies of word-finding
treatment of individuals with chronic aphasia
(Wisenburn & Mahoney, 2009). In their analysis, treatment effects were seen for trained
and exposed words (effect size = 2.66), with
much less improvement for untrained words
(effect size = 0.044). The effect size for
trained words declined only modestly over
3 months of follow-up, but the effect size
for untrained words fell sharply, leading
to a global 3-month effect size of 0.48. No
treatment (semantic, phonological, or mixed)
emerged as superior.
The overarching goal of anomia therapy
is to improve production of words that are
trained in therapy, maintain these changes
over time, and achieve sustained generalization to untrained words and daily conversation. The potential for generalization using
current therapy techniques is doomed to be

modest unless the scope of intrinsic generalization can be expanded, thereby impacting
a significant portion of the semantic domain
used in daily life. Broad intrinsic generalization is a challenge for lexical therapies because their principal aim is to reestablish connections between semantic and phonological
substrates for single items, one item at a time.
Semantic therapies can achieve generalization
by further capitalizing on regularities in semantic knowledge. For example, by taking
advantage of the fact that animals share many
features, training on some animals can facilitate production of names of untrained animals; however, it is difficult to develop semantic knowledge that spans the breadth of daily
life one semantic category at a time. New approaches that circumvent this domain limitation are being developed and show considerable promise (Edmonds & Babb, 2011; Silkes,
Dierkes, & Kendall, 2012). Thus, the generalizing possibilities of semantic therapies are
only beginning to be explored.
An alternative approach (called phonomotor therapy) to remediating anomia that has
shown promise focuses on training a corpus
of phonemes in isolation and phonemes in
English-permissible sequences. Because verbal production of words involves the translation of a lexical-semantic representation
into phonological representations, training
the repertoire of phonological sequences
should enable individuals with anomia to regain the ability to learn trained words and sequences, generalize to untrained items, and
continue growth following treatment termination. Furthermore, because all words in a language make use of the same phonological sequence repertoire, phonological therapy has
the potential for broad generalization. We
have been developing and systematically testing a phonological sequence-based therapy,
called phonomotor treatment (Kendall et al.,
2003; Kendall, Nadeau, et al., 2006; Kendall,
Rodriquez, Rosenbek, Conway, & GonzalezRothi, 2006; Kendall et al., 2008; Raymer,
Haley, & Kendall, 2002).
The application of phonomotor therapy is
predicated on there being a loss of phoneme
and phonological sequence knowledge as a
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result of dominant perisylvian brain damage
due to stroke. Classically, this is manifested as
phonemic paraphasic errors in naming to confrontation, spontaneous language, and reading aloud. However, such paraphasic errors
are manifest only if the erroneous phonological representations that are generated reach
the threshold for verbal production. If they do
not reach this threshold, they may manifest as
anomia (Nadeau, 2001). This hidden deficit in
phonological sequence knowledge is highly
prevalent and has been revealed in the use
of a phonological measure we developed—
the Standardized Assessment of Phonology in
Aphasia (SAPA, see later description; Kendall
et al., 2010).
The phonomotor treatment is inspired
by a parallel distributed processing (PDP)
model of lexical processing (Nadeau, 2001;
Roth, Nadeau, Hollingsworth, Cimino-Knight,
& Heilman, 2006; Figure 1) and the Lindamood Phoneme Sequencing therapy program (Lindamood & Lindamood, 1998; see
Kendall et al., 2008, for extensive overview
of the theoretical underpinnings). In this
PDP-model-driven approach to treatment of
phonological dysfunction, we assume a diminished representation and processing of individual phonemes and phoneme sequences
because of the loss of dominant perisylvian
synapses caused by stroke, compensated to
some extent by redundant but poorly developed phonological sequence knowledge in
the nondominant hemisphere. We also assume residual lexical-semantic knowledge in
one or both hemispheres that is instantiated
in connections between association cortices,
which support semantic representations
(Forde & Humphreys, 1999; Nadeau, 2012;
Warrington & McCarthy, 1987; Warrington
& Shallice, 1984), and perisylvian cortices,
which support phonological sequence knowledge (Nadeau, 2001).
The hypothesis motivating the phonomotor
treatment approach has been discussed elsewhere extensively (see Kendall et al., 2008;
Kendall, Oelke, Brookshire, & Nadeau, 2015).
It is briefly reiterated here. Through intensive, neurally distributed, multimodal (audi-
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tory, motor, orthographic, tactile-kinesthetic,
and conceptual) training of phonemes and
one-, two-, and three-syllable real-word and
nonword phoneme sequences, the neural
connectivity supporting phoneme sequence
knowledge is proposed to be enhanced. Because knowledge of phonemes and phoneme
sequences provides the basis for the production of all words, naming of untrained words
and discourse production may be improved
with rehabilitation. The hypotheses are predicated upon the existence, in damaged form,
of exactly the same networks that enabled
these patients to acquire language in the first
place. When phonomotor treatment is intensively delivered (2 hr/day, 5 days/week for
6 weeks), confrontation naming performance
improves on trained real words and nonword
repetition. In addition, we have shown that
there is generalization to picture naming using untrained words, some aspects of discourse production, and indicators of quality
of life (Kendall et al., 2003; Kendall, Nadeau,
et al., 2006; Kendall et al., 2008; Raymer et al.,
2002).
The differences between our treatment and
other semantic-phonological treatments involve both the nature of the stimuli and degree of intensity. Other semantic phonological treatments potentially strengthen phonological sequence knowledge predominantly
through induction of Hebbian learning (Hebb,
1949) using real words. Our treatment employs training of individual phonemes and
phoneme sequences mostly embedded in
nonwords, with limited exposure to real
words. Phonomotor treatment also is unprecedented in its systematicity and its dose.
Furthermore, unlike other phonological treatments, the phonomotor treatment is based on
the notion of distributed (auditory, articulatory, orthographic, visual) phonological representations, which, when refined through
multimodal training, improve phonological
awareness. Hebbian learning is achieved
through introduction of real words into
the training algorithm, therefore, serves
only as an adjuvant to our core training
procedures.
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Figure 1. Proposed parallel distributed processing model of language. Each oval should be interpreted
as a large number of units, each unit connected to every unit in each connected oval (represented
by numbers). Knowledge is represented as the strength of connections between units. Hidden units
enable the establishment of a functional linkage between forms that have an arbitrary relationship to
each other (e.g., word meaning and word phonology). Connectivity within the substrate for concept
representations defines semantic knowledge. Connectivity within the perisylvian acoustic-articulatory
motor pattern associator network defines phonological sequence knowledge. Connectivity between the
substrate for concept representations and the acoustic-articulatory motor pattern associator defines lexical
knowledge (the phonological output lexicon). Unit activity, defined as a nonlinear sigmoid function of
input to a given unit, spreads along connections to other units. Given a particular input to any part of the
model, activity spreads and unit activity auto-adjusts until the model settles into a state that is optimal,
given the strengths of the various inputs and connectivity patterns within the network (see Nadeau, 2001
2012; Roth et al., 2006). The points of articulation of orthographic representations and this core model are
approximate but capture the well-established existence of semantic and phonological routes for reading
aloud and provide an explanation for the potential role of orthographic input in phonomotor treatment.
The aggregate model provides an explanation for how phonological (acoustic) input, orthographic input,
and conceptual input (e.g., “a lip popper,” the patient’s image in a mirror while producing a labial stop, a
picture of a sagittal slice through the midline oropharynx during production of a labial stop) are brought to
bear on phoneme and phonological sequence knowledge. From “Phonology: A Review and Proposals From
a Connectionist Perspective,” by S. E. Nadeau, 2001, Brain and Language, 79, pp. 511–579. Copyright
2001 by Elsevier Science (USA). Reproduced with permission.

EVALUATION OF PHONOLOGICAL
DEFICITS IN APHASIA
The SAPA (Kendall et al., 2010) is an
impairment-level test of phonology for
individuals with a wide range of aphasia
severities and types. The SAPA can be
used as a tool to distinguish phonological–
versus semantic–based deficits, as a guide
for clinical treatment, and as an outcome

measure for neurorehabilitation protocols.
It consists of three subtests—reading aloud,
repetition/parsing/blending, and auditory
phonological perception (rhyming/lexical decision making). Item Response Theory (IRT)
analysis was used to guide test construction.
First, a model of phonology was identified
(Nadeau, 2001) and three constructs within
the model were delineated (reading, repetition/parsing/blending, perception). Items
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were developed for each construct using
psycholinguistic principles thought to be
relevant to performance. Second, items were
reviewed by experts in the field and were
revised accordingly. Then, the SAPA was
field tested with 47 individuals with chronic
aphasia and IRT statistics were generated.
Performance from individuals with aphasia
on the SAPA showed reasonable fit to the
Rasch measurement model, with less than
2% of the items misfitting and good point
measure correlations. The hypothesized
hierarchical structure for each of the three
constructs matched the actual hierarchy with
one exception (parsing/blending). The item
hierarchies were successful in differentiating
patterns of phonological dysfunction in
individuals with aphasia. Thus, the three tests
that comprise the SAPA can be utilized to
detect impairment-level deficits in behaviors
strongly linked to phonology (reading, repetition, parsing/blending, and perception) in
individuals with aphasia. We have used the
SAPA as a sensitive and specific measure of
change in phonological mechanisms in many
of our studies evaluating the phonomotor
treatment approach, as described later.
PHONOMOTOR TREATMENT
PROCEDURES
Treatment guidelines have been outlined
in Kendall et al.’s (2015) study and are
also included here (see Supplement Digital
Content Appendix, available at: http://links
.lww.com/TLD/A52). Essentially, phonomotor treatment is an explicit, multimodal
(orthographic, auditory, articulatory-motor,
tactile-kinesthetic, visual, and conceptual),
phonological based treatment using phonemes in isolation and one-, three-, and threesyllable phoneme sequences in real-word and
nonword combinations. Treatment is delivered across two stages: Stage 1 treats sounds
in isolation, and Stage 2 treats sound combinations (e.g., CV, VC, CVC, CCVC). Socratic
questioning (i.e., disciplined questioning) is a
key element in feedback.
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Treatment stimuli
The stimuli that have been developed for
the treatment program are a crucial part of
the intervention. The stimuli are composed
of phonemes in isolation and one-, two-,
and three-syllable phoneme sequences in realword and nonword combinations consisting
of phonological sequences of low phonotactic probability and high neighborhood density. This approach is based on the work by
Storkel, Armbruster, and Hogan (2006), in
which they differentiated effects of phonotactic probability and neighborhood density on
adult word learning in 32 normal controls.
Their results indicated that rarer sound sequences (low phonotactic probability) triggered learning more efficiently than more
common sound sequences (high phonotactic probability) consistent with the results of
Plaut (1996), Kiran and Thompson (2003),
and Thompson, Shapiro, Kiran, and Sobecks
(2003). Employment of high neighborhood
density maximized the number of potential
semantic representations engaged bottom-up
by any given phonological sequence, thereby
maximizing the opportunity for strengthening
semantic-phonological connectivity (lexicalsemantic knowledge) in daily conversation.
The stimuli have been listed in Kendall et al.’s
(2015) study and are also included in Table 1.
On the basis of theoretically understanding
and current evidence available, the use of
these stimuli is recommended when delivering this treatment program.
Eighty-three real words (42 trained and 41
untrained) and 145 nonwords (72 trained and
73 untrained) are used in the phonomotor
treatment program. Phonotactic probability
was calculated using methods similar to
those of Vitevitch and Luce (1999). All nonwords are phonotactically legal in English.
A Web-based interface was used to calculate
phonotactic probabilities for the real words
and nonwords (Vitevitch & Luce, 2004).
Neighborhood density was computed by
counting the number of words in the dictionary that differed from the target by a one
phoneme addition, deletion, or substitution.
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Table 1. Trained and untrained stimuli used in treatment

Note. IPA = International Phonetic Alphabet. From “The Influence of Phonomotor Treatment on Word Retrieval Abilities
in 26 Individuals With Chronic Aphasia: An Open Trial,” by D. L. Kendall, M. Oelke, C. E. Brookshire, and S. Nadeau,
2015, Journal of Speech, Language, and Hearing Research, 58(3), pp. 798–812. doi:10.1044/2015_JSLHR-L-14-0131.
Copyright 2015 by the American Speech-Language-Hearing Association. Reprinted with permission..

Phonotactic probability and neighborhood
density were computed for stimuli and were
categorized as high or low on the basis of
a median split (using procedures similar
to those of Storkel et al., 2006). Real-word
stimuli were created using the MRC Psycholinguistic Database (Coltheart, 1981) to
determine written frequency, imageability,
age of acquisition, syllable number, syllable
complexity, and semantic category.

CURRENT EVIDENCE
The development and refinement of the
phonomotor treatment program have followed the five-phase model for communication disorders and sciences framework
outlined by Robey (2004). To date, there
have been eight published articles on the
phonomotor treatment program (see Table 2).
The purpose of Phase I research is to identify
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I

I

Kendall, Nadeau,
et al., 2006

Kendall et al.,
2003

Kendall,
Rodriguez,
et al., 2006

Phase

Raymer et al.,
2002

Reference

Single subject

Single subject

Single subject

Single subject

Design

1–2 hr/day, 3–4 days/
week over
6 months
(total 74 hr)

Subject 1: 3 hr/day,
4 days/week over
5 months (total
162.5 hr)
Subject 2: 2 hr/day,
4 days/week over
4 months (total 78 hr)
2 hr/day, 4–5 days/week
over 3.5 months (total
104 hr)

n=1

n=2

n=1

1 hr/day, 4 days/week
for 20 total hr

Intensity and
Frequency

n=1

Number of
Participants

Table 2. References for phonomotor treatment development

Apraxia of speech

Alexia

Alexia

Apraxia of speech

Focus of Study

Improvement in individual
sound production, less
effortful discourse
production, and
self-report less
apprehensive when
speaking. No
improvement in
repetition of multisyllabic
words.
(continues)

Improved imitation for two
trained sounds,
generalization to
untrained voiceless
cognates. No
improvement for 1
trained sound and
overgeneralization
evident.
Improved silent reading
comprehension and
generalized language
function (WAB). Lack of
improvement in
real-word reading aloud
(likely due to apraxia of
speech).
Improved real-word reading
aloud, word
comprehension, and
generalized language
function (WAB).

Outcomes
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II

II

II

Bislick et al.,
2014

Kendall et al.,
2008

Brookshire et al.,
2014

Kendall et al.,
2015

Design

Staggered
(immediate vs.
delayed
treatment)
open-trial
design

Retrospective,
single group

Single subject

Single subject

Note. WAB = Western Aphasia Battery.

Phase

Reference

2 hr/day, 5 days/week,
Alexia
6 weeks (60 total hours)

2 hr/day, 5 days/week,
Lexical retrieval
6 weeks (60 total hours)

n=8

n = 26

Lexical retrieval

2 hr/day, 5 days/week
for 12 weeks (96 total
hours)

n = 10

Apraxia of speech

Focus of Study

2 hr/day, 4 days/week
over 6 weeks (total
48 hr)

Intensity and
Frequency

n=1

Number of
Participants

Table 2. References for phonomotor treatment development (Continued)

Improvement in trained
sounds, generalization to
untrained sounds, real
words and nonwords
composed of trained
sounds and a measure of
ecological validity.
Improvement in
confrontation naming of
untrained exemplars
3 months posttreatment
termination.
Improvement in
phonological processing
and oral reading of real
words and nonwords
3 months posttreatment
termination. No
improvement on reading
comprehension (likely due
to task requirements and
confounds with anomia).
Improvement in
confrontation naming of
untrained exemplars
3 months posttreatment
termination.

Outcomes
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a therapeutic effect and, if an effect is present,
to capture estimates of effect size. During
Phase I work, the dose of treatment needs
to be estimated, as do the appropriate patient
populations. There have been five Phase I trials of phonomotor treatment (Bislick, Oelke,
& Kendall, 2014; Kendall, Nadeau, et al., 2006;
Kendall, Rodriguez, et al., 2006; Kendall et al.,
2003; Raymer et al., 2002). All of the Phase I
studies employed single-subject designs involving individuals with aphasia from a lefthemisphere stroke with the goal of improving phonological alexia (Kendall et al.,
2003; Kendall, Nadeau, et al., 2006) and
apraxia of speech (Bislick et al., 2014;
Kendall, Rodriguez, et al., 2006; Raymer et al.,
2002). The results of these studies are summarized in Table 2 and are discussed in more
detail later.
Phase I evidence
Individuals for whom phonomotor treatment has been tested include those with
chronic aphasia (6 or more months after
left-hemisphere damage due to a single left
cerebral hemisphere stroke) with anomia
and impairment of phonology. Presence of
aphasia has been defined using the criteria of
McNeil and Pratt (2001), and severity was determined using the Western Aphasia Battery
Aphasia Quotient (WAB-AQ; Kertesz, 1982).
Presence and severity of phonological impairment have been determined by performance
on the SAPA (Kendall et al., 2010). Severity of
anomia was determined by performance on
the Boston Naming Test (BNT; Kaplan, Goodglass, Weintraub, & Segal, 1983). With the
exception of Bislick et al.’s (2014) and Raymer
et al.’s (2002) studies, participants have been
excluded if they exhibited severe apraxia
of speech defined by a slowed speaking
rate (prolonged sounds and/or intersegment
durations), distortions and/or distorted substitutions, and prosodic abnormalities during
discourse production, repetition of words
and nonwords, and naming tasks. Additional
exclusion criteria across these trials have included major depressive disorder or other psychiatric illness, degenerative neurological dis-
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ease, chronic medical illness, or severe and/or
uncorrected impairment in vision or hearing.
With regard to alexia, Kendall et al. (2003)
showed a positive effect following phonomotor treatment manifest as improved real-word
reading aloud of untrained words as well as
improvement in posttest measures of realword comprehension. Effects of treatment
and generalization were maintained 3 months
following treatment termination. As in the
2003 study, Kendall, Nadeau, et al. (2006)
administered phonomotor treatment to a single individual, who 54 years prior to the
start of the study survived a left-hemisphere
cerebrovascular accident (CVA), resulting in
aphasia, apraxia of speech, and alexia. The
results showed improvement in silent reading comprehension (Reading Comprehension
Battery for Aphasia; LaPointe& Horner, 1979),
lack of improvement in real-word reading
aloud (likely due to mild-moderate apraxia of
speech), and an unexpected improvement in
language function (WAB-AQ, Kertesz, 1982;
BNT, Kaplan et al., 1983). The results of these
two studies, taken together, showed that by
applying an intensive, multimodal treatment
to the level of the phoneme and phoneme
sequences, reading, spoken word production
(Kendall, Nadeau, et al., 2006), and word comprehension (Kendall et al., 2003) improved in
individuals with aphasia.
Finally, in keeping with Phase I objectives, we were interested in learning
whether phonomotor treatment would improve phoneme production and generalize to
untrained words in individuals with apraxia
of speech. Raymer et al. (2002) treated several sounds in a single individual for 20 total
hours (1 hr/day, 4 days/week) and showed
improved imitation for two trained sounds,
generalization to untrained voiceless cognates. However, there was no improvement
for one trained sound and some overgeneralization was evident. Kendall, Rodriguez,
et al. (2006) provided phonomotor treatment to a single individual with apraxia of
speech for 104 hr (over the course of 3.5
months). Although he was able to learn individual sounds following treatment, he did not
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exhibit generalization to other aspects of motor production (e.g., repetition of multisyllabic words). That said, discourse production was perceptually judged to be slower
and less effortful, and the participant reported increased phone usage and ease of
communication. Bislick et al. (2014) provided
phonomotor treatment to an individual with
severe apraxia of speech for a total of 48 hr
(2 hr/day, 4 days/week). Results from that trial
showed improvement in trained sounds, generalization to untrained sounds, real word and
nonwords composed of trained sounds, and a
measure of ecological validity. We were confident that the evidence from the aforementioned studies was sufficient to move to the
next phase of clinical research: Phase II.
Phase II evidence
According to Robey (2004), Phase II research studies should determine effect size intervals, refine the population, refine the treatment protocol, develop a treatment administration manual, determine optimal dosage,
identify valid and reliable measurement instruments, and finalize operational definitions. To
this end, we conducted two Phase II studies
(Kendall et al., 2008, 2015) and developed
the SAPA, a standardized outcome measure
that can be used in future clinical trials, as described previously (Kendall et al., 2010). The
final Phase II study, a randomized controlled
trial (multisite), is currently underway comparing phonomotor with customary and usual
therapy (semantic feature analysis) in a group
of 80 persons with aphasia, with the primary
outcome measure of confrontation naming
of pictures of untrained items at 3 months
posttreatment termination (thus testing generalization and maintenance simultaneously).
The first Phase II study was promising
(Kendall et al., 2008). This study extended
the initial Phase I findings by (1) comparing the experimental phonological treatment
with a semantic treatment, (2) refining the
experimental treatment in terms of using a
homogeneous patient population, and (3) increasing the frequency and intensity of treatment. Twenty individuals with anomia due

to aphasia were randomized to receive either
96 hr of phonomotor or semantic treatment
delivered in a massed practice condition over
12 weeks with 3-month follow-up. Results on
impairment-level outcome measures showed
that treatment and generalization effects in
the phonomotor treatment group were superior to those of the semantic group. Measures
of ecological validity (ASHA-FACS) showed
that the phonomotor intervention had a meaningful impact on communication at home
(7.35 average difference score at 3 months
posttreatment termination). With concerns
regarding the large dosage of treatment hours
delivered, a post hoc analysis revealed that
treatment effects for both groups were acquired by 60 hr of treatment and there was
no significant change in effect sizes within
group between 60 and 96 hr of treatment
delivered.
Results from Kendall et al.’s (2008) study
provided sufficient evidence to move to
the next Phase II study; however, refinements in the treatment protocol were warranted. In Kendall et al.’s (2008) study,
both groups received a number of treatment hours that seemed excessive, given
the medical reimbursement climate and the
evidence from the outcome data that gain
plateaued after about 60 hr (see the earlier discussion). Second, there were potential
opportunities for improving the efficiency of
the phonomotor therapy, specifically, by limiting the training material to phonemes and
phoneme sequences of low phonotactic probability and large phonological neighborhoods.
Third, a sensitive and specific measure of
phonology for adults with aphasia had not
been employed, limiting our ability to ensure
that phonological mechanisms were indeed
directly impacted by the treatment. To that
end, the SAPA (Kendall et al., 2010) was created. All three of these innovations were instantiated in Kendall et al.’s (2015) study.
Kendall et al. (2015) employed a staggered (immediate vs delayed treatment) opentrial group design in which 26 individuals with aphasia received 60 total hours
of treatment (2 hr/day, 5 days/week). The
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primary outcome measure was generalization to untrained stimuli at 3 months (testing generalizing and maintenance). The results showed an absolute increase of 5%
in confrontation naming of pictures representing untrained nouns at 3 months and
improvements on measures of phonological
processes. Furthermore, Brookshire, Conway,
Hunting Pompon, Oelke, and Kendall (2014)
conducted a retrospective analysis of reading abilities in eight individuals from Kendall
et al.’s (2015) study, who exhibited phonological alexia. Results showed improvement
in oral reading of real words and nonwords
3 months posttreatment termination. Although no improvement in reading comprehension was found, it was likely due to task
requirements (i.e., spoken word production).
In other words, the task required the participants to read a sentence and respond verbally requiring word-retrieval mechanisms in
addition to comprehension of the written
sentence.
Although phonomotor treatment has been
tested at varying dosages, the data from the
largest trial (Kendall et al., 2015) suggest
that treatment intensity should be 2 hr/day,
5 days/week for 6 weeks (60-hr total practice). Because the current dosage is incompatible with current delivery models, future
research is planned to test effects of massed
versus distributed practice.
CONCLUSIONS AND FUTURE
DIRECTIONS
The phonomotor treatment approach to
rehabilitating anomia in aphasia has shown
promise. Although the results of the largest
(n = 26) study (Kendall et al., 2015) were
promising, several limitations were noted.
The efficacy of phonomotor therapy needs to
be compared against standard care treatment
(e.g., a lexical-semantic based treatment), and
that trial is currently underway. The current
iteration of the phonomotor treatment now
includes modified stimuli (real words and nonwords with low phonotactic probability and
high neighborhood density), reduction of the
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total number of treatment hours (from 96 to
60 total hours), and refinement of the primary and secondary outcome measures (addition of the SAPA, as well as new measures of discourse production and ecological
validity).
Limitations of phonomotor treatment
continue to include the large, massed practiced dose. Administration of phonomotor
treatment, as has been tested, would be
a challenge in the current health care reimbursement climate. Thus, future trials
of treatment employing lower dosing are
planned. Although the evidence of retention
of gains documented in these studies at 3
months posttreatment is gratifying, evidence
of longer term retention is in order. We plan
to report the performance of the patients
from Kendall et al.’s (2015) study at 1 year
posttreatment. It is possible that long-term
retention of gains would have been greater
had treatment been distributed over a greater
period of time (e.g., 3 hr/week over 20
weeks). Studies conducted over the past 125
years have repeatedly demonstrated, with few
exceptions, that long-term retention is enhanced with more distributed treatment—the
so-called spacing effect (Nadeau, GonzalezRothi, & Rosenbek, 2008). This study will be
conducted in future iterations of this program.
Finally, as we have shown, phonomotor
therapy was efficacious in only approximately
50% of our participants. Thus, predictors of
response studies are needed to enable better
targeting of this time-consuming treatment.
Finally, phonomotor therapy appears to
be most appropriate for participants who
have evidence of some remaining substrate
for phonology. We administered phonomotor treatment, coupled with an intensive,
home-based, semantic treatment, to a single
individual who, 54 years prior to the start
of treatment, suffered a left-hemisphere
CVA, resulting in aphasia, apraxia of speech,
and alexia (Kendall, Nadeau, et al., 2006).
The participant demonstrated substantial
improvement in language function, as measured by the WAB-AQ (Kertesz, 1982), and
performance on the BNT (Kaplan et al.,
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1983), but no improvement in phonological
function.
We have reported proof-of-concept studies
that suggest that phonomotor therapy may
be of value in patients with mild-moderate
apraxia of speech and in patients with reading impairment after stroke. In nearly all
patients with alexia after stroke, the alexia
is either phonological or deep (Brookshire
et al., 2014). One would therefore expect enhancement of phonological sequence knowledge to be beneficial for some patients with
poststroke alexia.
In most patients with aphasia after stroke,
deficits in a number of components of brain
function contribute to the aphasia. Thus, in
patients with a middle cerebral distribution
infarction, one could build a strong case for
a multiphase treatment addressing multiple
levels of linguistic processing, for example,
beginning with phonomotor treatment to
enhance phonological sequence knowledge,
followed by a semantic therapy (e.g., vNEST;
Edmonds, 2016; Edmonds et al., 2009) to
ameliorate the semantic deficit, and culminating in constraint-induced language therapy to
redress the loss of intentional predisposition
to use oral language to communicate. Also,
the use of alternative augmentative communication or other compensatory approaches,

coupled with patient/family education, is
appropriate in some cases.
Neuroplastic effects achieved with such
functionally specific behavioral therapies
might benefit from adjuvants to learning
or neuroplasticity, both pharmacological
(e.g., donepezil, an acetylcholinesterase
inhibitor; Nadeau et al., 2004) and electrophysiological (e.g., repetitive transcranial
magnetic stimulation and transcranial direct
current stimulation). It is possible that the
speech–language therapy environment might
be tuned to minimize factors such as anxiety
that might interfere with learning (D. K. Pompon, personal communication, December 1,
2015), or to enhance retention. This could be
done, for example, by conducting treatment
in the patient’s home, thereby maximizing
the similarities in context at time of learning
and time of retrieval—one of the posited
mechanisms of the spacing effect.
In the longer run, the “fill up your tank
with rehabilitation” model is likely to become an anachronism as therapies evolve that
can be continued indefinitely by the patient
and his/her family, perhaps with intermittent
guidance by the speech–language pathologist. In this respect, deficit-specific therapies
will need to meld with life participation approaches (Elman, 2016).
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