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ABSTRACT

Purpose: While there has been mounting research centered on the diagnosis of
childhood apraxia of speech (CAS), little has focused on differentiating CAS
from pediatric dysarthria. Because CAS and dysarthria share overlapping
speech symptoms and some children have both motor speech disorders, differ-
ential diagnosis can be challenging. There is a need for clinical tools that facili-
tate assessment of both CAS and dysarthria symptoms in children. The goals
of this tutorial are to (a) determine confidence levels of clinicians in differentially
diagnosing dysarthria and CAS and (b) provide a systematic procedure for dif-
ferentiating CAS and pediatric dysarthria in children.

Method: Evidence related to differential diagnosis of CAS and dysarthria is
reviewed. Next, a web-based survey of 359 pediatric speech-language patholo-
gists is used to determine clinical confidence levels in diagnosing CAS and dys-
arthria. Finally, a checklist of pediatric auditory—perceptual motor speech fea-
tures is presented along with a procedure to identify CAS and dysarthria in chil-
dren with suspected motor speech impairments. Case studies illustrate applica-
tion of this protocol, and treatment implications for complex cases are discussed.
Results: The majority (60%) of clinician respondents reported low or no confi-
dence in diagnosing dysarthria in children, and 40% reported they tend not to
make this diagnosis as a result. Going forward, clinicians can use the feature
checklist and protocol in this tutorial to support the differential diagnosis of
CAS and dysarthria in clinical practice.

Conclusions: Incorporating this diagnostic protocol into clinical practice should
help increase confidence and accuracy in diagnosing motor speech disorders in
children. Future research should test the sensitivity and specificity of this proto-
col in a large sample of children with varying speech sound disorders. Graduate
programs and continuing education trainings should provide opportunities to
practice rating speech features for children with dysarthria and CAS.
Supplemental Material: https://doi.org/10.23641/asha.19709146

Childhood apraxia of speech (CAS) and dysarthria
are two neurological motor speech disorders that greatly
affect intelligibility and response to treatment, but which
have divergent bases. CAS is considered a disorder of
speech motor planning and programming in the absence
of neuromuscular deficits (American Speech-Language-
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Hearing Association [ASHA], 2007). In contrast, dysar-
thria is a neuromuscular disorder of motor execution
resulting from abnormalities to the strength, range of
motion, tone, or precision of movements required for
appropriate control of the speech subsystems (i.e., articu-
latory, respiratory, phonatory, resonatory, and prosodic;
Dufty, 2019). Unfortunately, the divergent bases do not
result in pathognomonic profiles of speech characteristics,
and there is overlap between the speech features that are
associated with each disorder. Consequently, differential
diagnosis of CAS and dysarthria is challenging.

While many speech pathologists are able to easily
list academic descriptions of dysarthria and CAS, in practice,
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a systematic procedure for differentially diagnosing these
disorders in children does not exist. In addition, comorbid-
ity of CAS and dysarthria is reported in 4.9% of children
with complex neurodevelopmental disorders and occurs
over 4 times more frequently among children with certain
diagnoses such as Down syndrome (22%; e.g., Wilson et al.,
2019). This tutorial will provide a brief overview of the fea-
tures and procedures that commonly contribute to differen-
tial diagnosis of CAS and pediatric dysarthria, report on a
survey that examined clinician confidence in diagnosing
CAS and dysarthria, and introduce a systematic procedure
to support differential diagnosis and treatment planning for
these disorders going forward. Operational definitions, pro-
cedures, and case studies are included to facilitate learning
with the goal of increasing clinical confidence.

Historically, the speech features and procedures used
to diagnose CAS and pediatric dysarthria have been based
on those reported for adults with acquired apraxia of
speech and dysarthria (e.g., Duffy & Josephs, 2012;
Rosenbek & Wertz, 1972; Strand et al., 2014; Ziegler,
2002). While adult templates have been useful as a start-
ing place for development of feature lists and procedures,
children with these disorders differ from adults in their
disorder onset, etiology, and potential for habilitation/
rehabilitation. Furthermore, children with CAS and dysar-
thria develop speech sounds in the context of their speech
motor impairment; thus, their speech presentations are
additionally influenced by developmental factors. Conse-
quently, adult systems have limited applicability to chil-
dren (Morgan & Liégeois, 2010).

In recent years, a growing literature and copious
continuing education opportunities have helped to support
researchers and clinicians in their differential diagnosis of
CAS from other speech sound disorders, an umbrella term
that most commonly refers to phonological disorder, artic-
ulation disorder, or speech delay (Allison et al., 2020;
ASHA, 2007; Iuzzini-Seigel & Murray, 2017, Murray
et al., 2015, 2021; Shriberg et al., 2017; Terband et al.,
2019). In 2007, the ASHA Ad Hoc Committee on
Apraxia of Speech in Children issued a comprehensive
technical report that reviewed relevant research on assess-
ment and treatment of CAS. This committee identified
three speech features that had gained some consensus in
contributing to the differential diagnosis of CAS: (a) incon-
sistency, (b) lengthened or disrupted coarticulatory transi-
tions, and (c) prosodic disturbance. While the report was
incredibly thorough, these features had not yet been vali-
dated and specifics on the best way to assess and rate
each feature were not included in the report. Since the
technical report was released, numerous researchers have
attempted to better operationalize and validate these and
other features associated with CAS with varying levels
of success (Benway & Preston, 2020; Chenausky et al.,
2020; Tuzzini-Seigel et al., 2015, 2017, Murray et al.,

2015, 2021; Preston et al., 2021; Shriberg et al., 2017,
Terband et al., 2019; Wong et al., 2021). Unfortunately,
children with dysarthria have rarely been included in
these studies and appear in only small numbers if at all
(Tuzzini-Seigel et al., 2017; Maas et al., 2012; Murray
et al., 2015). Consequently, it is difficult to know the
extent to which these features are evidenced by children
with dysarthria as well. Below is a brief review of the
most common features associated with diagnosis of CAS
and/or dysarthria.

Inconsistency

Inconsistency has long been one of the predominant
features used to differentiate CAS from nonmotor-based
speech sound disorders (SSDs; e.g., ASHA, 2007; Forrest,
2003; Tuzzini-Seigel et al., 2017; Marquardt et al., 2004),
but emerging data suggest that it is less efficacious in dif-
ferentiating CAS from dysarthria. Inconsistency can be
measured at the phonemic (i.e., inconsistency of a speech
sound across different words, word-positions, or contexts)
or token-to-token (i.e., inconsistency of a word or phrase
across multiple repetitions; for a deeper explanation, see
the work of Tuzzini-Seigel et al., 2017) levels. Inconsistency
in children with CAS can be associated with difficulty
consistently planning and programming the appropriate
direction, force, timing, and gradation of articulatory
movements. Based on the adult literature, individuals with
dysarthria may similarly demonstrate inconsistent produc-
tions due to variability in their control of vowel durations
that signal the postvocalic voicing distinction (Chen, 1970)
and in their precision of articulatory contacts due to ton-
gue posturing and timing deficits (Ansel & Kent, 1992).
Because speakers with dysarthria often have impairments
in multiple speech subsystems (i.e., respiration, phonation,
resonance and articulation), task demands can influence
speech sound production and result in inconsistency (e.g.,
consonant devoicing may occur in sentences as the
speaker is running out of breath, but not in single words).
Consequently, while inconsistency is a fairly sensitive and
specific feature to differentially diagnose CAS and
nonmotor-based SSDs (Tuzzini-Seigel et al., 2017; Strand
& McCauley, 2019), further research is needed to establish
the efficacy of this feature in contributing to the differen-
tial diagnosis of children with dysarthria and CAS.

Prosodic Disturbance

The efficacy of prosodic disturbance as a differential
diagnostic feature of CAS has also been explored by sev-
eral research groups using various perceptual and acoustic
measures (Murray et al., 2015; Shriberg et al., 2011; 2012;
2017; Strand et al., 2013). Prosody, which encompasses
suprasegmental features of speech, is a broad domain that
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can be assessed with observation of features such as lexical
and sentential stress errors, use of equal stress, syllable
segmentation/segregation, slow rate, and difficulty with
suprasegmental aspects of speech (e.g., pitch inflection,
loudness modulation). In addition, acoustic measures such
as the pause marker and lexical stress ratio can also be
used to determine prosodic disturbance (ASHA, 2007;
Chenausky et al., 2020; Fedorenko et al., 2015; Murray
et al.,, 2015; Shriberg et al., 1997, 2017, 2003). The
Dynamic Evaluation of Motor Speech Skill (Strand &
McCauley, 2019), an instrument designed to assess chil-
dren with moderate-to-severe CAS, reports 35% sensitivity
and 95% specificity for prosodic disturbance in their test
and control samples. These data suggest that while this
feature may not be present in all children with CAS, if it
is present, it is likely to reflect CAS. While this may be
true when the comparison group is composed of children
with nonmotor-based SSDs, children with dysarthria are
also found to have prosodic disturbance (Patel et al.,
2012; van Doorn & Sheard, 2001). Whereas prosodic
impairment in children with CAS is often associated with
flat prosodic contours and staccato-sounding speech, chil-
dren with dysarthria can have varying prosodic deficits
depending on their underlying physiological limitations.
Children who have dysarthria secondary to cerebral palsy
tend to not only use heightened and exaggerated prosody
in an effort to increase intelligibility but also use a more
limited set of acoustic cues to mark stress than children
with typical development (Patel et al., 2012). Conse-
quently, listeners report that stress is less clear when pro-
duced by speakers with cerebral palsy than those with typ-
ically developing speech. Slow speaking rate, another fea-
ture that occurs among children with CAS, has been found
to further disturb prosody for children with dysarthria,
particularly for those who are more severely impaired
(Darling-White et al., 2018; Patel et al., 2012; Shriberg
et al., 2017; Workinger & Kent, 1991).

Difficulty With Coarticulatory Transitions

Another core feature of CAS is difficulty with coar-
ticulatory transitions. Coarticulation occurs when the
articulation of different speech segments affects one
another, causing an overlap in the articulatory configura-
tions of the different sounds (Terband et al., 2019). Antici-
patory coarticulation (i.e., planning for the articulation of
a subsequent sound affects the articulation of a preceding
sound) and perseveratory coarticulation (i.e., articulatory
configuration of one sound affects the articulatory config-
uration of a subsequent sound) are both normal processes,
but the motor planning and programming challenges asso-
ciated with CAS often result in disruptions of this feature.
Difficulty with coarticulatory transitions between sounds,
syllables, and words can be observed perceptually in

children with CAS as a prolongation of sounds or as a
sound addition (e.g., schwa insertion) before or after a
word or in between sounds in a cluster (Chenausky et al.,
2020; Tuzzini-Seigel et al., 2015; Tuzzini-Seigel & Murray,
2017; Nijland et al., 2002). In addition to these perceptual
features of disrupted coarticulation, a number of markers
have been documented through acoustic and kinematic anal-
yses, ultrasound, and electropalatography (Nijland et al.,
2002; Nittrouer et al., 1989; Noiray et al., 2018; Song et al.,
2013; Terband et al., 2019; Timmins et al., 2008; Zharkova
et al., 2011, 2012), which are beyond the scope of this tuto-
rial. Although studies of dysarthric adults have reported
reduced coarticulation (e.g., Tjaden & Wilding, 2005), prom-
inent disruptions in coarticulatory transitions have not been
associated with pediatric dysarthria.

Mayo Features

In addition to the ASHA feature list, there is a
checklist of features often referred to as the Mayo check-
list (e.g., Shriberg et al., 2011), which includes vowel dis-
tortions, difficulty achieving initial articulatory configura-
tions or transitionary movement gestures, equal stress or
lexical stress errors, distorted substitutions, syllable segre-
gation, groping, intrusive schwa, voicing errors, slow rate,
slow diadochokinetic rates, and increased difficulty with
multisyllabic words. The Mayo checklist has been used to
support CAS diagnosis in numerous research studies (e.g.,
Case & Grigos, 2020; Iuzzini-Seigel, 2021; Overby &
Caspari, 2015; Overby et al., 2019). Many features in this
checklist either are the same as those in the ASHA 3 listed
above (i.e., difficulty achieving initial articulatory configu-
rations or transitionary movement gestures, equal stress or
lexical stress errors) or can be considered manifestations
of those features (e.g., syllable segregation, intrusive
schwa, voicing errors, and slow rate can reflect difficulty
with coarticulation). Other features such as vowel distor-
tions, distorted substitutions, slow diadochokinetic rates,
groping, and increased difficulty with multisyllabic words
are unique or consistent with other checklist iterations and
include some features that have now been validated in the
literature (Chenausky et al., 2020; Davis et al., 1998;
Tuzzini-Seigel et al., 2015; Murray et al., 2015; Shriberg
et al., 2011). Operational definitions for these features have
been published to help support clinical application of this
list (Tuzzini-Seigel et al., 2015, 2017; Tuzzini-Seigel &
Murray, 2017; Terband et al., 2019).

In prior CAS research, many studies have adopted
the criteria that children should display at least four of
these CAS features across three different speaking tasks in
order to meet criteria for inclusion in CAS groups. However,
seven of the features on this Mayo checklist are features that
have also been reported as characteristics of pediatric dysar-
thria. Overlapping features include slow rate, atypical stress,
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consonant distortions, vowel errors, voicing errors, intrusive
schwa, and resonance disturbance (Allison & Hustad, 2018a,
2018b; Haas et al., 2021; Higgins & Hodge, 2002; Hustad
et al.,, 2010; Lee et al., 2014; Workinger & Kent, 1991).
Therefore, this checklist is inadequate for differentiating
between CAS and dysarthria in children.

Challenges With Differential Diagnosis of
Pediatric Dysarthria

While researchers and clinicians have a growing
understanding of the best way to diagnose CAS, less is
reported about the symptoms and differential diagnostic
process for children with dysarthria. In fact, even in
research articles about CAS where dysarthria is considered
an exclusionary criterion or basis of a second group, the
diagnostic criteria for dysarthria are rarely well specified
(e.g., Ballard et al.,, 2010; Tuzzini-Seigel, 2019, 2021;
Tuzzini-Seigel et al., 2017; Maas et al., 2019; Murray et al.,
2015). Other times, dysarthria may not be mentioned at all
despite the possibility of co-occurrence with CAS (Chenuasky
et al., 2020; Edeal & Gildersleeve-Neumann, 2011).

Children with dysarthria are reported to have a vari-
ety of symptoms that manifest across speech subsystem
domains, but the literature often lacks operational defini-
tions for how symptoms should be identified (e.g., Braden
et al., 2021; Mei et al., 2020). Consequently, researchers
and clinicians have often relied on feature descriptions
and motor speech assessments from the adult dysarthria
literature (e.g., Duffy, 2019). In recent years, pediatric dys-
arthria assessments have begun to be developed (Scholderle
et al., 2020), and objective measures of intelligibility and
acoustic features have been identified that show potential
for aiding in dysarthria diagnosis in children (Allison &
Hustad, 2018a; Hustad et al., 2015).

Maximum performance tasks (e.g., Rvachew et al.,
2005; Thoonen et al., 1999) have also been used to con-
tribute to the diagnosis of dysarthria in children (Allison
et al., 2022; Preston et al., 2016, 2017). Tasks including
diadochokinesis (DDK; i.e., rapid repeated production of
syllables or syllable sequences) and maximum durations of
vowels and fricatives are designed to test the speech motor
capacities of the respiratory, phonatory, and articulatory
systems. While DDK rate and maximum vowel durations
have been found to be sensitive and specific at identifying
spastic dysarthria in small samples of children with spastic
quadriplegia due to cerebral palsy (n = 9; e.g., Thoonen
et al., 1996, 1999), to our knowledge, these have not been
empirically studied in children with dysarthria due to
other etiologies, such as Down syndrome (Kent &
Vorperian, 2013; Wilson et al., 2019), who may demon-
strate varying profiles of dysarthria features. Given that
dysarthria is estimated to occur in ~60% of children with
Down syndrome (Wilson et al., 2019) and yet still tends

to be underdiagnosed, this represents a big gap in our
knowledge. In addition, these protocols may be less direc-
tive for speech phenotyping and treatment planning pur-
poses compared to protocols that enable characterization
of speech features across multiple speech contexts.

A recent work by Levy et al. (2021) on treatment out-
comes in children with dysarthria suggests that diagnostic
specifications in the dysarthria literature are becoming more
clear. Levy et al. report that their “determination of diagno-
sis and severity of dysarthria is based on the presence and
degree of observable visual characteristics associated with
dysarthria (e.g., abnormal orofacial and/or respiratory move-
ment and tone) and audible speech deficits associated with
dysarthria (e.g., imprecise articulation, strained vocal qual-
ity, decreased articulation rate and vocal intensity, mono-
tone) in at least two of the speech subsystems” (Levy et al.,
2021, p. 2303). Levy et al. also report which speech charac-
teristics were demonstrated by each participant in order of
“salience,” meaning which feature(s) contributed most to a
child’s percept (Levy et al., 2021). This information may help
the reader to understand what each child likely sounded like;
although if the reader is not experienced with dysarthric
speech, the description may still sound vague.

Other treatment studies on children with dysarthria
or with CAS and co-occurring dysarthria report the par-
ticipants’ dysarthria diagnosis and the features demon-
strated by each child but do not describe how the dysar-
thria diagnosis was made (e.g., Fox & Boliek, 2012; Maas
et al., 2012; Mei et al., 2020; e.g., How many subsystems
needed to be affected to yield a dysarthria diagnosis?
What operational definitions were used to guide feature
ratings? How many or what features needed to be evident
to warrant the dysarthria diagnosis?). Consequently, anec-
dotal reports suggest that many clinicians may not feel
confident in differentially diagnosing motor speech disor-
ders and especially dysarthria as explicit procedures have
not yet been agreed upon or made clear in the literature.

Co-occurrence of CAS and Dysarthria in
Children

Finally, there is a notable gap in the research literature
regarding co-occurrence of CAS and dysarthria in children.
Although there is increasing recognition that CAS and dys-
arthria do co-occur, prior research on CAS has largely
excluded children with dysarthria, whereas the dysarthria lit-
erature has largely focused on specific populations (e.g., cere-
bral palsy) and not included CAS comparison groups. A few
recent studies have comprehensively described speech presen-
tations of children with specific neurodevelopmental disor-
ders, considering both CAS and dysarthria. Wilson et al.
(2019) reported 37.8% incidence of dysarthria, 11% CAS,
and 22.2% comorbidity in adolescents with Down syndrome.
Likewise, Braden et al. (2021) reported that 100% of their
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verbal participants with FOX-P1 mutation (» = 16) demon-
strated features of dysarthria and 100% who provided a con-
nected speech sample (n = 14) demonstrated features of
apraxia as well. In both studies, dysarthria and CAS diagno-
ses were reportedly based on clinical judgment of speech fea-
tures. Although these procedures allowed for detailed char-
acterization of children’s speech presentations, they did not
explicitly consider features that overlap between the two
diagnoses and which can complicate diagnostic determina-
tions. Another complicating factor is that it may be difficult
to assess dysarthria based on a paucity of speech resultant
from the CAS diagnosis. Likewise, dysarthria may have a
greater effect on the child’s speech percept with imprecise
articulatory contacts, but CAS may have a more significant
impact on the child’s response to treatment. There is a signif-
icant need for clinical guidance that can help speech-
language pathologists identify CAS and dysarthria in pediat-
ric populations, particularly for children who present with
features of both motor speech disorders.

This tutorial will help to fill this gap by (a) using a
brief survey study to determine clinician confidence in
diagnosing CAS and pediatric dysarthria, (b) providing a
list of operationally defined speech features that differenti-
ates those unique to dysarthria or CAS from those that
overlap, (c) describing a procedure to support readers in
making a diagnosis of CAS and/or dysarthria, and (d)
illustrating the use of this diagnostic process through case
study examples. A flowchart will also be provided to sup-
port the use of this process in clinical practice.

Part I: Survey Study

The goal of this exploratory web-based survey study
was to ascertain confidence levels of pediatric speech
pathologists in diagnosing CAS and dysarthria. A detailed
description of the survey methods including all survey
questions is reported in Supplemental Material Sl1.
Speech-language pathologists who had experience working
with children were invited to participate. The survey con-
tained six questions pertaining to demographics, five ques-
tions about comfort level in differentially diagnosing CAS
and dysarthria, and one additional question in which a
respondent could provide pertinent open-ended informa-
tion. Only complete surveys were analyzed. Results will be
reported using descriptive statistics.

Results
Demographics

See Supplemental Material S1 for a demographic
summary of clinician respondents.

Confidence in Differential Diagnosis of Motor
Speech Disorders

Respondents were queried about their confidence in
making a differential diagnosis of CAS and dysarthria
using a 4-point scale (i.e., not confident, low confidence,
moderately confident, and highly confident). Results
revealed that while 62% of respondents reported moderate
or high confidence in their ability to differentially diag-
nose CAS, only 40% reported this same level of confi-
dence in diagnosing dysarthria. In contrast, the majority
(60%) reported no or low confidence in diagnosing dysar-
thria. The survey then asked, “To what extent does the fol-
lowing statement describe you? ‘I tend to not diagnose chil-
dren with CAS because I'm not quite sure how to make
the diagnosis.”” to which 20% of respondents reported that
this statement mostly or completely describes them. In con-
trast, 40% of respondents reported that the statement, “I
tend not to diagnose dysarthria in children because I'm
not quite sure how to make the diagnosis,” mostly or
completely describes them.

Discussion

Findings from our brief survey of 359 clinician
respondents revealed that while the majority of our
respondents reported moderate-to-high confidence in diag-
nosing CAS, the same was not true for dysarthria. Given
that these disorders have the same low prevalence of one
child/1,000 among children with idiopathic speech delay
(Shriberg et al., 2019) and that dysarthria is over 3 times
more common than CAS among children with complex
neurodevelopmental disorders (Shriberg et al., 2019), lim-
ited amount of exposure to children with dysarthria is
unlikely to explain the lower level of confidence felt by cli-
nicians in diagnosing dysarthria versus CAS. In addition,
both CAS and dysarthria negatively impact intelligibility
and can range in severity from mild to severe. For both
disorders, severe dysarthria and CAS are often easier to
differentiate from other SSDs than in more mild presenta-
tions. The last several years have brought increased trans-
parency of diagnostic procedures for CAS in the literature
and in continuing education presentations (e.g., diagnostic
seminars at state and national conferences, intensive clini-
cal training bootcamps through the Apraxia Kids organi-
zation, free trainings provided by the Once Upon a Time
Foundation); however, the same transparency and abun-
dance of training opportunities surrounding the dysarthria
diagnosis does not yet exist. Pediatric dysarthria research
has largely focused on children with cerebral palsy and
other specific neurological disorders, and thus there may
be less awareness among clinicians of the need to consider
dysarthria as a diagnosis in children with neurodevelop-
mental disorders more broadly. Explicit trainings in which
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clinicians become comfortable with operational definitions
and gain practice rating features are needed to increase
clinical competence and confidence for appropriate diag-
nosis of dysarthria in children.

Findings that showed that 40% of respondents
reported they tend not to diagnose dysarthria because they
are not entirely sure how to make the diagnosis are consis-
tent with anecdotal evidence that reports underdiagnosis of
dysarthria among children with cerebral palsy and Down
syndrome, two populations shown to have an increased rate
of dysarthria based on their known neuromuscular deficits
(Hustad et al., 2010; Kent et al., 2021; Mei et al., 2014;
Sigurdardottir & Vik, 2011). Researchers who investigate the
CAS population often tend to exclude children with comorbid
dysarthria yet provide only minimal—if any—description
about how that diagnostic determination was made. Conse-
quently, little has been written to elucidate the differential
diagnostic process for children with dysarthria or with mixed
presentations of CAS and dysarthria, further contributing
to clinical uncertainty. The following tutorial aims to help
fill this gap in knowledge by clearly operationalizing fea-
ture definitions and providing case study applications.

Part II: Tutorial

Method

Profile of Childhood Apraxia of speech and
Dysarthria Feature List and Rating System

A combined set of auditory—perceptual speech fea-
tures for rating both dysarthria and CAS characteristics
was generated based on prior published literature and cur-
rent accepted features. For CAS characteristics, the 11
features from the Mayo checklist (Iuzzini-Seigel et al.,
2015; Shriberg et al., 2011) were included because this fea-
ture set has received the greatest consensus for diagnosis
in the current CAS research literature (Allison et al.,
2020). For dysarthria characteristics, we compared the full
set of deviant auditory—perceptual speech features consid-
ered the gold standard for diagnosis of dysarthria in adults
(Darley et al., 1969; Duffy, 2019) to feature sets reported in
two pediatric studies focused on characterizing auditory—
perceptual dysarthria features in children (Scholderle et al.,
2020; Workinger & Kent, 1991). Seventeen features that
were listed in at least one of the pediatric studies in addi-
tion to the full set of adult dysarthria features were
included. Similar features with slightly different wording
across articles were combined (e.g., “hypernasality” and
“nasal emission”; Duffy, 2019), “consistent hypernasality”
(Workinger & Kent, 1991), and “hypernasality and nasal
emission” (Scholderle et al., 2020) were combined into

“consistent hypernasality” (with or without nasal emission).
Importantly, we differentiated “imprecise articulatory con-
tacts” from “consonant distortions” and “vowel errors.”
Although consonant and vowel distortions are characteris-
tics of both CAS and dysarthria, global lack of precision in
articulation of speech sounds is a feature of dysarthria we
felt was important to rate separately from segmental errors.

The CAS and dysarthria feature lists were compared
for overlap, and six features were found to be associated
with both CAS and dysarthria. A master list of features
was then compiled, and each feature was coded as being
associated with CAS, dysarthria, or both. This initial mas-
ter list contained 23 features, spanning all speech sub-
systems (i.e., respiratory, phonatory, resonatory, articula-
tory, rate/prosodic). Operational definitions for each fea-
ture were taken or adapted from published descriptions of
the features (Duffy, 2019; Tuzzini-Seigel et al., 2015, 2017).

Because the goal was to generate a feature rating sys-
tem that could be easily and reliably used in clinical practice,
each deviant auditory—perceptual feature was rated on a
binary scale (i.e., present or absent) rather than on a Likert
scale reflecting severity. Prior research has shown that Likert
scale ratings of deviant auditory—perceptual speech features
can have poor reliability, particularly in speakers who are
impaired across multiple speech dimensions (Allison et al.,
2021; Bunton et al., 2007, McHenry, 1999); however, reli-
ability on binary rating scales has been reported to be high
in recent research on children with dysarthria (Haas et al.,
2021; Scholderle et al., 2020). This master set of features was
then piloted by three expert clinicians (the three authors)
who rated videos of two children with motor speech impair-
ment due to seizure disorders. Through consensus discus-
sion, some features were combined or omitted if they were
either difficult to perceptually rate in children or not neces-
sary for either differential diagnosis or assessing subsystem
involvement (11 features). The final consensus list contain-
ing 20 features and their operational definitions is shown in
Table 1 and is available in Supplemental Material S2 as a
template for clinical feature ratings.

This final feature list was used by the three expert
raters to judge speech samples from 13 children with epi-
lepsy for another ongoing study (ITuzzini-Seigel et al.,
2022). Raters were blinded to any previous speech diagno-
ses. The presence or absence of each auditory—perceptual
speech feature was rated for three video-recorded speech
samples from each child: production of single words dur-
ing administration of the Goldman-Fristoe Test of
Articulation-Third Edition (Goldman & Fristoe, 2015),
production of words and phrases designed to assess motor
speech skills (i.e., build-upon words, challenging multi-
syllabic words, repetition of the phrase “Buy Bobby a
puppy”), and a story retell task. After judging each speech
feature, raters each made a final speech diagnosis for the
child that could include more than one diagnosis. Feature
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Table 1. ProCAD pediatric motor speech auditory—perceptual feature list.

Dysarthria/
Speech subsystem Feature CAS/both Operational definition
Respiration/phonation Volume Low volume or loudness Dysarthria® Consistently quiet voice or voice that gets progressively quieter from beginning
decay to end of utterance
Excessive loudness Dysarthria® Consistently loud voice across utterances
Excess loudness variation Dysarthria® Voice shows sudden, uncontrolled changes in loudness, sometimes becoming
too loud, sometimes too quiet.

Speech breathing Effortful/audible inspiration Dysarthria® Inspiration that is visibly effortful and may also be audible

Short breath groups Dysarthria® Phrases are short, possibly because inspirations occur more often than normal.
It sounds as if the speaker has run out of air. (note: cannot rate in single-word
productions)

Atypical voice quality Dysarthria® Voice quality sounds effortful, strained, rough, hoarse, or weak/breathy. Also count
if considerable glottal fry is present.

Resonance Fluctuating resonance/intermittent hyper/ Both?® Resonance intermittently sounds either hyponasal, in which there is not enough

hyponasality airflow out of the nose such that the child sound “stuffy” or hypernasal in
which there is too much airflow out of the nose for nonnasal phonemes such
as plosives.

Consistent hypernasality (with or without Dysarthria® Resonance sounds consistently hypernasal, including weak realization of pressure

nasal emission) consonants. Nasal emission may also be present.

Rate/prosody Slow rate Both?® Speech rate is atypically slow, including production of syllables, whole words, or
phrases. Slowed rate of articulatory movements and/or increased pausing may
contribute to reduced rate.

Atypical stress/reduced stress Both®® Prosody is characterized by globally reduced or atypical stress. Speech may be
monotone/monopitch or have excess—equal stress across syllables.

Lexical stress errors CASP An error in which stress is not placed on the correct syllable in multisyllabic words,
either in isolation or embedded in sentences. Stress may be inappropriately
equalized across syllables or shifted onto the wrong syllable in the multisyllabic
word.

Syllable segregation CASP Brief or lengthy pause between sounds, syllables, or words, such that they are

segregated from one another and lacking appropriately smooth transitions.
Speech may also be described as having a choppy or staccato-like quality.

(table continues)
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Table 1. (Continued).

Dysarthria/
Speech subsystem Feature CAS/both Operational definition
Articulation Imprecise articulatory contacts Dysarthria® Overall lack of precision in production of speech sounds, not isolated to specific
segments. Speech sounds are distorted due to inadequate sharpness and lack
of crisp articulation.

Consonant distortions Both®P A consonant production error in which a speech sound is recognizable as a specific
consonant but is not produced accurately (e.g., an /s/ that is produced with
lateralization or dentalization)

Vowel errors Both®P A vowel production error in which the vowel is substituted for another vowel or in
which the vowel is recognizable as a specific vowel but it is not produced
accurately ([aka distorted] e.g., not a prototypical production, may sound like
it is in between two vowels).

Voicing errors Both®® A sound is produced as its voicing cognate (e.g., a /p/ that is produced as a /b/).
In addition, this could also describe productions that appear to be between
voicing categories (i.e., blurring of voicing boundaries)

Intrusive schwa CASP A schwa is added in between consonants or is inserted at the beginning or end
of a word. For example, it may be inserted in between the consonants in a
cluster (e.g., /blu/ becomes /bolu/) or at the end of a word such that /dog/
becomes /doga/.

Groping (articulatory searching) CASP Silent articulatory searching prior to onset of phonation, possibly in an effort to
improve the accuracy of the production (i.e., articulatory groping).

Increased difficulty with multisyllabic words CASP A disproportionately increased number of errors as the number of syllables
increases, as compared to the number of errors on words with fewer syllables

Difficulty with initial articulatory configurations CASP Initiation of utterance or initial speech sound may be difficult for child to produce

and/or transitionary movement gestures

and may sound lengthened or uncoordinated. Also, child may evidence lengthened
or disrupted coarticulatory gestures or movement transitions from one sound to
the next.

Note. ProCAD = Profile of Childhood Apraxia of speech and Dysarthria; CAS = childhood apraxia of speech.

3Duffy, 2019. °luzzini-Seigel et al., 2015, 2017.




ratings and speech diagnoses were compared between the
three judges, and disagreements were resolved through
discussions to determine consensus ratings. Interrater
reliability of feature ratings was calculated for each child,;
Randolph’s free-marginal multirater kappa statistic
(Randolph, 2005) indicated excellent interrater reliability
for 11/13 children, and good interrater reliability for the
remaining two children. Average percent agreement on
the presence of auditory—perceptual features was 92%
across all children. These preliminary data suggest strong
interrater reliability of the checklist. We were also interested
in construct validity, which is the degree to which a test does
what it aims to do, in this case, the extent to which our flow-
chart process accurately identifies CAS and/or dysarthria.
Because there is not another tool that has been validated for
this purpose, we compared outcomes of the flowchart diag-
nosis to expert clinical opinion for two different data sets:
(a) a population of children with epilepsy with unknown
speech diagnosis (n = 13) and (b) a population of children
with suspected CAS and developmental coordination disorder
but unknown dysarthria status (z = 11). Diagnosis agreed for
77% of participants in the epilepsy data set (Iuzzini-Seigel
et al., 2022) and 91% for participants in the CAS + develop-
mental coordination disorder data set (Iuzzini-Seigel et al.,
2022). For the purposes of this tutorial, we chose to high-
light a few select cases to illustrate and explain how to use
this rating system to assess contributions of dysarthria and
CAS in children with complex speech presentations.

For the cases highlighted in this tutorial, we deter-
mined an atypical auditory—perceptual speech feature to
be present if the child exhibited the feature on at least two
of the three speaking tasks. Generally, if a feature was
present, the child demonstrated the feature multiple times
in more than one context. In clinical practice, clinicians
should judge whether each auditory—perceptual feature is
present on at least two different speaking tasks of varying
complexity. Some children may display a feature on all
tasks, whereas children with more mild motor speech
involvement may not display a feature at the single word
level but show it in their connected speech (e.g., low vol-
ume or volume decay may only be noticeable in longer
utterances). For children with limited verbal output,
observation on multiple speech tasks may not be possible.
In this case, clinical judgment is needed to determine
whether a feature is prominent in the child’s speech and
should be counted as present.

Using the Profile of Childhood Apraxia of
speech and Dysarthria Feature Rating
System for Differential Diagnosis

After completing ratings and coming to a consensus
on the presence of each auditory—perceptual speech fea-
ture, a decision-making flowchart was used to determine

whether children had dysarthria, CAS, or both. Please
note, this system is designed to help assess the presence of
motor speech disorders only. Children may additionally
present with other nonmotor-based SSDs. Additional
analysis of speech sound error patterns is needed to deter-
mine whether a phonological or articulation disorder is
present. The flowchart is presented in Figure 1 and sum-
marized as follows:

1.  Calculate the number of dysarthria-only, CAS-only,
and total features the child exhibited. List the sub-
system domains in which the child had features pres-
ent. (See examples in Table 2.)

2. Examine dysarthria-only features.

a. If NO dysarthria-only features are present, dys-
arthria can be ruled out.

b. If MULTIPLE dysarthria-only features are pres-
ent across two or more speech subsystem
domains, dysarthria can be considered a likely
diagnosis. Etiologies of dysarthria in children
usually affect the neuromotor system broadly;
thus, atypical speech features are most often
present in multiple speech subsystem domains.

c. If ONLY ONE dysarthria-only feature is present
in respiration/phonation or resonance domains, fur-
ther testing is needed to determine whether dysar-
thria is present. Isolated features in these domains
can have alternate potential causes that need to be
considered before a diagnosis can be determined.
For example, a hoarse or breathy vocal quality
could be due to vocal nodules or another voice dis-
order, and hypernasality could be due to a submu-
cosal cleft. Hoarse vocal quality and hyponasality
are also common in young children with typical
development (Scholderle et al., 2020).

d. If imprecise articulatory contacts are the ONLY
dysarthria-only feature present, dysarthria can be
considered a likely diagnosis. Although distortions
of individual speech sounds can be associated with
CAS or other SSDs, overall weak, slushy, or oth-
erwise globally imprecise articulation that spans
across speech segments is a feature unique to dys-
arthria. Children with imprecise articulatory con-
tacts due to dysarthria usually also exhibit several
articulatory features that overlap with CAS (i.e.,
vowel errors, consonant distortions, and voicing
errors) due to their global deficits in execution of
articulatory movements.

3. Examine CAS-only features.

a. If NO CAS-only features are present, CAS can
be ruled out.
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Figure 1. Profile of Childhood Apraxia of speech and Dysarthria flowchart to support the decision-making process for the differential diagno-

sis of CAS and dysarthria. CAS = childhood apraxia of speech.
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b. If CAS-only features are present in BOTH articula-
tion AND rate/prosody domains, CAS can be con-
sidered a likely diagnosis. Core features of CAS
relate to disruptions in both articulation and pros-
ody, particularly syllable segmentation and lexical
stress. Thus, to be confident in a CAS diagnosis, a
child must exhibit features in both of these domains.

c. If CAS-only features are present in ONLY artic-
ulation OR rate/prosody domains, further assess-
ment or analysis is needed to determine whether
CAS is present. Quantitative analysis of inconsis-
tency and detailed analysis of segmental error
patterns may be helpful in confirming or ruling
out CAS in these cases. Isolated CAS-only fea-
tures may be present in children with a history of
CAS who now only present with residual symp-
toms or children with speech motor delay.

Case Studies
The Profile of Childhood Apraxia of speech and

Dysarthria (ProCAD) diagnostic features framework was
applied to four children for whom video-recorded speech

sample data from other studies were available. Consensus
ratings of features for each child are presented in Table 2.
The decision-making flowchart described above was used
to examine how these features contributed to an under-
standing of each child’s communication impairment and
consideration of how intervention would be influenced by
identification of specific features or groups of features.
General goals for speech are offered for each case, with the
acknowledgement that additional support for other areas of
impairment will most likely also need to be included in a
treatment plan, such as consideration for augmentative and
alternative communication, specific goals for language
intervention and support for literacy.

Child 1

Child 1 is a girl who was age 4,7 (years;months) at the
time of evaluation. She has a diagnosis of cerebral palsy, sei-
zure disorder, and feeding difficulties. Language testing indi-
cated delays in both receptive and expressive language. Child
1 spoke primarily in single words and short phrases.

Features of Child 1’s speech were notable across
multiple subsystems. See Supplemental Material S3 for a
video example of this child’s speech. These included low
volume, atypical voice quality, fluctuating resonance, and
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Table 2. Consensus auditory—perceptual feature ratings for case studies.

Dysarthria/
Speech subsystem Speech feature CAS/both Child 1 Child 2 Child 3 Child 4
Respiration/phonation Volume Low volume or loudness decay Dysarthria® X
(R/P) Excessive loudness Dysarthria®
Excess loudness variation Dysarthria®
Speech breathing Effortful/audible inspiration Dysarthria®
Short breath groups Dysarthria® X
Atypical voice quality Dysarthria® X X
Resonance (Res) fluctuating resonance/intermittent hyper/hyponasality Both?® X X
consistent hypernasality (with or without nasal emission) Dysarthria®
Rate/prosody (Pros) Slow rate Both®P X X
Atypical stress/reduced stress Both®® X X
Lexical stress errors CASP X X
Syllable segregation CASP X X X
Articulation (Artic) imprecise articulatory contacts Dysarthria® X X
consonant distortions Both®P X X X X
vowel errors Both?® X X X X
voicing errors Both?® X X X X
intrusive schwa CASP
groping (articulatory searching) CASP
increased difficulty with multisyllabic words CASP X X
difficulty with initial artic configs/transitionary movement CASP X X
gestures
No. of Dys-only features 3 1 1 0
No. of CAS-only features 0 2 3 4
No. of total features 9 7 9 8
Subsystems involved X R/P X R/P o R/P o R/P
X Res O Res X Res O Res
X Pros X  Pros X Pros X  Pros
X Artic X Artic X Artic X Artic
Severity rating Severe Profound Severe/profound Moderate
Diagnosis Dysarthria CAS CAS + dysarthria CAS

Note. CAS = childhood apraxia of; Dys = dysarthria.
aDuffy, 2019. Pluzzini-Seigel et al., 2017, or luzzini-Seigel & Murray, 2017.




imprecise articulatory contacts. Intelligibility was judged to
be severely reduced in connected speech. She was rated as
having three features consistent with dysarthria and five fea-
tures overlapping with dysarthria and CAS. Referring to the
decision tree for this child (see Figure 2), there are multiple
features of dysarthria across all five speech subsystems and no
features unique to CAS, leading to a diagnosis of dysarthria.
While CAS does not appear to have a significant contribution
to Child 1’s speech impairment at this time, given her limited
verbal skill, it would be reasonable to revisit the features that
are present in her speech as verbal skills increase.

Given Child 1’s presentation, intervention would
involve a subsystems approach that might initially prioritize
improved respiratory support and coordination of respira-
tion and phonation to establish a foundation for improving
verbal skills (Pennington et al., 2010, 2013). The child would
practice coordinating the onset of phonation with exhalation
through production of prolonged vowels and then move to
syllables and syllable sequences (short functional phrases).
Practice is organized according to principles of motor learn-
ing, such as frequent practice, manipulation of blocked ver-
sus random practice, and type and frequency of feedback to
move from acquisition to retention and generalization. The

severity of Child 1’s communication disorder and her devel-
opmental level influence her readiness for an approach
requiring greater verbal ability and self-monitoring, such as
the Speech Intelligibility Treatment (Levy et al., 2021).

Child 2

Child 2 is a girl evaluated at age 6;9. She has a his-
tory of seizures during sleep, for which she takes multiple
medications. Genetic testing was normal. Child 2 has a
prior diagnosis of CAS and has a cousin with CAS.

At the time of assessment, Child 2 was speaking in
single words. Standardized language testing indicated
mildly delayed receptive language and moderately delayed
expressive language.

Features of Child 2’s speech included atypical/
strained voice quality, slow rate, syllable segregation, and
difficulty with initial articulatory configurations. Ratings
included one feature specific to dysarthria, two features
specific to CAS, and four overlapping features. Based on
ratings of CAS-only features in both articulatory and rate/
prosody domains (see Figure 3), a primary diagnosis of
CAS was considered likely. The feature of voice quality
suggests the need to rule out a possible later diagnosis of

Figure 2. Profile of Childhood Apraxia of speech and Dysarthria decision tree for Child 1. CAS = childhood apraxia of speech.
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Figure 3. Profile of Childhood Apraxia of speech and Dysarthria decision tree for Child 2. CAS = childhood apraxia of speech.
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dysarthria when verbal skills have increased and the respi-
ratory and phonatory systems can be more fully assessed.
For Child 2, syllable segregation had a significant
effect on intelligibility as noted by all three expert raters.
This child also had noticeable difficulty with initial articu-
latory configurations and sequencing movement gestures.
Intervention for this child might initially focus on accu-
racy of articulatory movement gestures and attention to
smooth coarticulation in syllables and syllable sequences.
An example of a framework that involves practice in a
hierarchy of complexity with varying levels of cueing is
dynamic temporal and tactile cueing (DTTC; Strand,
2020). Adapting goals to incorporate elements of treat-
ment for dysarthria and addressing respiration/phonation
and rate (Pennington et al., 2013) could also be used to
evaluate Child 2’s response and further inform diagnosis.

Child 3

Child 3 is a boy who was age 5;7 at the time of evalua-
tion. He had been referred for genetic testing due to concerns
that he could not cough, laugh, or sneeze. Genetic testing
revealed a mutation on FOXP2. Medical history also includes
removal of adenoids and placement of ventilating ear tubes.

Language testing indicated delays in both receptive
and expressive language. Spontaneous language was

characterized by utterances of moderately reduced length
and complexity relative to age expectations.

Child 3’s speech included fluctuating resonance,
atypical stress with syllable segregation, increased diffi-
culty with multisyllabic words, and imprecise articulatory
contacts. In addition to the features captured on this mea-
sure, he exhibited several identifiable error patterns.

Ratings for Child 3 showed three features specific to
CAS, five features overlapping with dysarthria and CAS,
and one feature specific to dysarthria. This combination
of feature ratings suggested a mixed disorder. CAS was
considered to be predominant based on pervasiveness of
syllable segregation, with dysarthria suggested by impre-
cise articulatory contacts (see Figure 4). While not cap-
tured on this feature rating tool, further evaluation for
error patterns that were noted and the possible contribu-
tion of phonological impairment would be appropriate.

For a child with a mixed diagnosis, attention to the
affected subsystems is important for informing treatment
decisions. Child 3 was rated as having adequate respiratory/
phonatory support; therefore, the focus of intervention
would be on increasing articulatory accuracy, to address
imprecision that might be due to mild weakness as well as
inaccuracies due to the motor planning/programming
impairment. A motor-based framework such as DTTC
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Figure 4. Profile of Childhood Apraxia of speech and Dysarthria decision tree for Child 3. CAS = childhood apraxia of speech.
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(Strand, 2020) could be adapted to incorporate specific
work on identified phonological patterns as well. Consid-
eration should be given to addressing the prosodic distur-
bance in a framework such as Rapid Syllable Transition
(e.g., McCabe et al., 2020) or Treatment for Establishing
Motor Program Organization (Miller et al., 2021) given
that this child was able to speak at phrase level. These
prosody-based approaches use nonsense words, presuming
that practice of these sequences without the ability to rely
on existing motor plans allows the child to focus mostly
on suprasegmental aspects of production.

Child 4

Child 4 is a boy who was 4 years of age at the time
of evaluation. It was reported that he had difficulty with
latch and suck as an infant and would often choke or pro-
jectile vomit during and after feeding, continuing until age
3 years. He additionally had a reported history of tonsillec-
tomy and adenoidectomy, frenulectomy, and pressure equali-
zation tube insertion. Child 4 was said to be understood by
parents, siblings, unfamiliar listeners, and peers less than 50%
of the time and used a dedicated augmentative and alterna-
tive communication device to supplement his limited verbal
output. Both receptive and expressive language skills were
judged to be delayed. Spontaneous verbal output was limited.

Child 4’s speech production was characterized by
vowel errors, consonant distortions, voicing errors, diffi-
culty with initial articulatory configurations/transitionary
movement gestures, intrusive schwa, syllable segregation,
and lexical stress errors. Child 4 was rated as having four
features specific to CAS and four overlapping features for
CAS and dysarthria. The affected subsystems were articu-
lation and rate/prosody. The decision tree leads to a diag-
nosis of CAS (see Figure 5).

In this case, intervention would prioritize motor
planning and programming for speech production using
principles of motor learning to work on improving accu-
racy of production of syllables and syllable sequences
within a hierarchy of levels of cueing and linguistic com-
plexity. Given his limited verbal output, a framework
intended for younger or more severe children such as
DTTC (Strand, 2020) should be considered. Additional
case studies are included in Supplemental Material S4 for
practice purposes.

Implementation: Potential Barriers and
Potential Solutions

The current tutorial provided a list of speech features
and procedures to support readers in making a diagnosis of

luzzini-Seigel et al.: Motor Speech Rating Tutorial 939


https://doi.org/10.23641/asha.19709146

Figure 5. Profile of Childhood Apraxia of speech and Dysarthria decision tree for Child 4. CAS = childhood apraxia of speech.
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CAS and/or dysarthria and to illustrate the use of this diag-
nostic process through case study examples. While the case
studies sampled four distinct types of challenging clinical
cases, there are additional clinical presentations that may
be difficult to assess using the proposed procedure. Given
the number of overlapping features, there may be instances
when it is difficult to disambiguate CAS from dysarthria if
the more discriminative features are not exhibited consis-
tently across tasks. For children with verbal output limited
to single syllables or monosyllable words, some features
(e.g., syllable segregation) may not be observable and there-
fore cannot be adequately assessed. In such cases, we rec-
ommend marking the characteristic as n/a in the chart. As
children begin producing more speech through therapy
and/or development, it is possible that features may
emerge that were not previously observed. For example,
presence of short phrases/breath groups cannot be assessed
unless a child is producing connected speech. Thus deficits
in breath support for speech may become apparent later,
at which point a dysarthria diagnosis may be considered.
In these cases, we recommend confirming the presence/
absence of any features that can be observed and indicate
that CAS/dysarthria cannot be ruled out or is suspected
based on features that are demonstrated.

Comorbid language impairment is extremely com-
mon in children with motor speech disorders and can also
impact a child’s speech presentation. When speaking tasks
exceed a child’s language ability or are linguistically chal-
lenging (e.g., nonword repetition, sentence repetition, or
story retell), atypical speech features may not reflect a
motor speech etiology. For instance, some children may
demonstrate low vocal intensity or inconsistency when
performing tasks with high language demands. Iuzzini-
Seigel et al. (2017) showed that while inconsistency on
repetitions of “Buy Bobby a puppy” could differentiate
CAS from a phonological disorder, children with develop-
mental language disorder were also inconsistent in their
production of this phrase. Prior research has also shown
that children with language impairments show dispropor-
tionate increases in articulatory variability in tasks with
increased language demands, compared to children with
typical language skills (Vuolo & Goffman, 2018). Because
of this interaction between the speech and language sys-
tems, it is essential to formally assess each child’s lan-
guage abilities and to consider the potential impact of
their language abilities on their speech output.

Children who have undergone copious amounts of
treatment may also demonstrate variable output across
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tasks. For instance, a child with residual CAS may not
exhibit errors in simple contexts (e.g., single word level)
but may evidence breakdowns in complex tasks (e.g., repe-
tition of “Buy Bobby a puppy,” sentence repetition, tri-
syllable DDK). Consequently, treatment history can also
contribute essential information to the assessment process
and help to guide treatment.

Why Were Features That Overlap Between CAS
and Dysarthria Included in the Checklist?

Although several auditory—perceptual speech fea-
tures overlap between CAS and dysarthria and therefore
may not enhance diagnostic accuracy, they remain impor-
tant for treatment planning. It is helpful to thoroughly
characterize speech features across subsystem domains in
order to understand each child’s speech profile and iden-
tify contributing factors to intelligibility deficits. Identify-
ing which speech subsystems are affected has important
implications for treatment decision making (Hodge &
Wellman, 1999). Importantly, overlapping features may be
attributed to either CAS or dysarthria, but if both diagno-
ses are present, overlapping features may not be able to
be clearly attributed to one diagnosis or the other. In the
case of a child with both dysarthria and CAS, dynamic
assessment can be helpful to determine how children
respond to different strategies and whether a CAS or dys-
arthria treatment approach may be most helpful.

Why Were Some Common CAS and Dysarthria
Features (e.g., Subtypes of Atypical Voice Quality
and Inconsistency) Excluded From the Checklist?
The purpose of this checklist is to help clinicians to
determine whether dysarthria and/or CAS is present and
to assess which speech subsystems are impacted. There-
fore, we included key features within each subsystem
domain but omitted or combined some more granular dys-
arthria features that are challenging to reliably judge at a
perceptual level (Allison et al., 2020; Bunton et al., 2007;
McHenry, 1999). For example, in the respiratory/phonatory
domain, we condensed related features into single categories
to make them easier to judge (e.g., breathy, rough/hoarse,
and strained-to-strangled voice quality would all be
counted as “atypical voice quality”). Similarly, in the rate/
prosody domain, monopitch, monoloudness, and excess
and equal stress would all be counted as “atypical/reduced
stress.” These more specific features can be important for
dysarthria treatment planning, as different intervention
approaches may be needed for children with predominant
spasticity and vocal hyperfunction (e.g., strained-to-strangled
voice quality) compared to children with predominant
weakness and vocal hypofunction (e.g., breathy voice
quality; Duffy, 2019). However, for the purposes of differ-
entiating dysarthria from CAS and assessing subsystem
involvement, the included broader features should be

adequate. If respiratory/phonatory or resonatory features
are identified as a problem area, additional in-depth
assessment may be needed to further evaluate the child’s
speech characteristics, including more in-depth auditory—
perceptual assessment, instrumental evaluation (e.g., nasen-
doscopy), or acoustic analysis.

While inconsistency is considered a sensitive and
specific feature for supporting the differential diagnosis of
CAS and nonmotor-based SSDs (e.g., Tuzzini-Seigel et al.,
2017; Strand & McCauley, 2019), there is inadequate evi-
dence at this time that it supports differential diagnosis
between CAS and dysarthria. In addition, and perhaps
more importantly, whereas the other features that are
included on the checklist may be judged at the perceptual
level across a variety of tasks, inconsistency measures
often require administration of a particular assessment,
some amount of data processing, and/or calculation of a
metric to determine if the child should be considered
inconsistent or not. Consequently, we opted to leave this
important feature off of the current checklist but recom-
mend that it is included if the clinical intent is to differen-
tiate CAS from nonmotor-based SSDs.

If Multiple Disorders Are Co-occurring, How Do |
Determine Which Is the Primary Disorder?

In some children, a CAS- or dysarthria-only symp-
tom may drive the general percept of the child’s speech.
For instance, in a child who has overwhelmingly imprecise
articulatory contacts or short breath groups and labored
respiration, we may say that the child has a primary con-
tribution of dysarthria even if that child also demonstrates
features that are CAS only. Other times, a short trial
period of therapy may reveal which disorder is driving the
child’s response in treatment. For instance, Child 3 partic-
ipated in a trial of DTTC treatment. Although he did
demonstrate pervasive imprecise articulatory contacts
throughout our speech assessment, during the treatment
trial, it was clear that CAS was creating the greatest bar-
rier to his remediation. Consequently, we want to consider
the contribution of each diagnosis to a child’s intelligibil-
ity, but also the impact of each diagnosis on remediation.
A child who has a history of CAS may eventually demon-
strate error patterns reflective of a phonological impair-
ment. Although it may be appropriate to select phonolo-
gical treatment targets at that time, we would still likely
need to train these targets while applying the principles of
motor learning to continue to address the underlying CAS
diagnosis.

Am | Likely to See a Child With CAS or Dysarthria
Who Has a Co-occurring Articulation or
Phonological Disorder?

Having a motor speech disorder does not preclude
an articulation or phonological disorder. In fact, children
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with neurodevelopmental disorders often have co-occurring
impairments in motor speech, language, and cognitive
skills, all of which can increase the likelihood of phonolo-
gical delays or disorders (Shriberg et al., 2019). Even
among children with CAS who are largely inconsistent, we
often see phonological patterns or articulation errors start
to emerge, especially as the child starts to respond to treat-
ment (e.g., Crosbie et al., 2005; Dodd & Bradford, 2000;
Tuzzini & Forrest, 2010). Additional in-depth phonological
analysis may be needed to fully characterize children’s
speech sound error patterns, and patterns should be inter-
preted in the context of the child’s motor speech con-
straints. For example, many children with dysarthria and
CAS have trouble regulating voicing and tend to produce
predominantly voiced consonants (e.g., Tuzzini-Seigel et al.,
2015; Lewis et al., 2004). Based on a phonological process
analysis, this pattern may be described as prevocalic voic-
ing; however, if this pattern is due to a child’s motor speech
constraints, it will likely require a motor-based treatment
approach to correct (i.e., establishing better control of voic-
ing onset/offset) rather than a phonological approach (e.g.,
through auditory discrimination/minimal pairs). When
treating a child with a motor speech disorder who has a
co-occurring phonological or articulation disorder, princi-
ples of motor learning should be used to guide treatment
and promote the greatest gains, but targets may be
selected with phonological or articulation goals in mind.

Can the ProCAD Checklist and Procedure Be
Used for Re-evaluation As Well?

The original intent of this checklist protocol was for
diagnostic and treatment planning purposes; it can, how-
ever, be used to monitor changes to the speech profile
over time as well. While features may change, emerge, or
remediate with treatment, a reduction in features should
not suggest that the child has been “cured” of CAS or
dysarthria as these are lifelong, neurological disorders.
Rather, a change or reduction in features can help to drive
revision of goals. Likewise, at initial evaluation, a child
may not provide an adequate speech sample such that
CAS or dysarthria can neither be confirmed nor ruled out.
In such cases, re-evaluation once the child is able to pro-
duce a more substantive speech sample may allow for
confirmation/or ruling out of one or both diagnoses.

Conclusions

CAS and dysarthria are low-incidence disorders,
with prevalence of each estimated at one child per 1,000
(Shriberg et al., 2019). However, the presence of these dis-
orders can have a significant impact on a child’s ability to
communicate, particularly for children with comorbid
diagnoses. Despite the frequency of complex motor speech

presentations, particularly in children with neurodevelop-
mental disorders, tools to help guide clinical pediatric
motor speech assessment are lacking. A growing research
base and numerous continuing education opportunities
focused on differential diagnosis of CAS have emerged in
recent years, but less information is available pertaining to
the diagnosis of pediatric dysarthria. Consequently, clini-
cian respondents to our survey reported lower confidence
levels in diagnosing dysarthria than CAS and 40% reported
that they sometimes fail to diagnose dysarthria because
they are not sure of how that diagnosis should be made.
The current tutorial provides a procedure to support the
identification and differential diagnosis of CAS and dysar-
thria, helping to fill a knowledge gap in the field. The flow-
chart was developed to assist clinicians in applying the
checklist of perceptual CAS and dysarthria features to the
rating of single word and connected speech samples. This
procedure can help determine whether each of these disor-
ders should be ruled in or out, identify speech subsystems
that should be addressed in treatment, and provide direc-
tion for additional in-depth speech assessment if needed.

As this checklist was newly developed as part of an
ongoing research study, its diagnostic accuracy has not yet
been established in a large cohort of children with and
without motor speech disorders, across the age span, and
with and without complex medical profiles. In addition, to
date, we have only applied this checklist to native English
speakers, and consequently, it is unknown to what extent
this tool will be efficacious for non-English speakers or
multilingual speakers of languages that are not stress timed.
Preliminary estimates of construct validity range between
77% and 91% for diagnostic agreement between our flow-
chart and expert clinicians for children with epilepsy and
those with suspected CAS and developmental coordination
disorder. As such, this tool should be viewed as a clinical
framework for guiding motor speech assessment in children.
Future research should focus on establishing the sensitivity
and specificity of this procedure in a large cohort of chil-
dren with varying speech profiles and on comparing the
diagnostic accuracy of these auditory perceptual features to
acoustic and instrumental measures. Future work will also
determine the effectiveness of this procedure in clinical
practice among clinicians with varying specializations and
levels of experience. It is essential that more continuing
education opportunities are developed to help clinicians
continue to gain confidence and expertise diagnosing motor
speech disorders thereby increasing the quality of care for
children with these challenging diagnoses.
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