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Predicting Intelligibility Gains in Individuals With
Dysarthria From Baseline Speech Features
Annalise R. Fletcher,a,b Megan J. McAuliffe,a,b Kaitlin L. Lansford,c Donal G. Sinex,b and Julie M. Lissd
Purpose: Across the treatment literature, behavioral speech
modifications have produced variable intelligibility changes
in speakers with dysarthria. This study is the first of two
articles exploring whether measurements of baseline speech
features can predict speakers’ responses to these modifications.
Methods: Fifty speakers (7 older individuals and 43 speakers
with dysarthria) read a standard passage in habitual, loud,
and slow speaking modes. Eighteen listeners rated how
easy the speech samples were to understand. Baseline
acoustic measurements of articulation, prosody, and voice
quality were collected with perceptual measures of severity.
Results: Cues to speak louder and reduce rate did not
confer intelligibility benefits to every speaker. The degree
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to which cues to speak louder improved intelligibility
could be predicted by speakers’ baseline articulation
rates and overall dysarthria severity. Improvements
in the slow condition could be predicted by speakers’
baseline severity and temporal variability. Speakers
with a breathier voice quality tended to perform
better in the loud condition than in the slow
condition.
Conclusions: Assessments of baseline speech features
can be used to predict appropriate treatment strategies
for speakers with dysarthria. Further development of
these assessments could provide the basis for more
individualized treatment programs.
This study is the first of two (Fletcher, Wisler,
McAuliffe, Lansford, & Liss, 2017) that investi-
gate whether assessments of dysarthric speech can

be used to predict speakers’ intelligibility gains following
behavioral speech modification. The larger goal of this pro-
ject is to develop evidence-based protocols for determining
whether a treatment technique is appropriate for a given
speaker (Fletcher & McAuliffe, 2017). In the present article,
we explore whether manually obtained acoustic and percep-
tual measurements of dysarthria can be used to statistically
model differences in speakers’ intelligibility gains. In the
companion article (see Fletcher, Wisler, et al., 2017), we as-
sess the predictive power of these models on cross-validation
and examine whether automated acoustic analyses can ac-
count for similar variation in treatment outcomes.

For speakers with dysarthria, the perception of re-
duced intelligibility can be associated with lower levels of
communication participation in life situations (McAuliffe,
Baylor, & Yorkston, 2016). Hence, improving intelligibility
is a common goal of speech therapy. Several studies have
reported that behavioral speech modifications result in im-
proved intelligibility for speakers with a range of dysarthria
subtypes (e.g., Cannito et al., 2012; Wenke, Theodoros, &
Cornwell, 2011). However, these improvements have not
been universal. Among treatment groups, individual speak-
ers differ markedly in their responses to different strategies
(e.g., Lowit, Dobinson, Timmins, Howell, & Kröger, 2010;
Mackenzie & Lowit, 2007; Mahler & Ramig, 2012; Wenke
et al., 2011), and few data have been generated to explain
why some speakers experience more improvement in intelli-
gibility in response to treatment modifications. To advo-
cate for a particular treatment approach, we must better
define the speech characteristics of those clients who do
and do not achieve intelligibility gains in response to treat-
ment cues.

Cues to speak louder and reduce speech rate form the
foundation of many well-established treatment programs
(e.g., the Lee Silverman voice treatment program) and
strategies (e.g., pacing boards and delayed auditory feedback).
These behavioral modifications can result in changes to
Disclosure: The authors have declared that no competing interests existed at the time
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rate and loudness parameters and in more diffuse global
acoustic changes to articulation, prosody, and voice char-
acteristics (Baumgartner, Sapir, & Ramig, 2001; Tjaden &
Wilding, 2004). For this reason, cues to speak loudly or
slowly are used in the management of a large range of dys-
arthria etiologies (e.g., Fox & Boliek, 2012; Sapir et al., 2003;
Van Nuffelen, De Bodt, Vanderwegen, Van de Heyning,
& Wuyts, 2010). However, the success of these techniques
is unclear. Not all speakers with dysarthria have gained
intelligibility benefits from programs that use these cueing
strategies (Cannito et al., 2012). Partly as a result of this
variation in individual response, treatment studies often
fail to demonstrate intelligibility improvements across
speaker groups (e.g., Lowit et al., 2010; Mahler & Ramig,
2012).

To predict whether a client will benefit from a larger
program of treatment, it is important to first determine
that these clients are able to change their speech in response
to cues and that these changes confer greater intelligibility.
Thus far, cueing strategies applied directly to dysarthric
speech have resulted in promising improvements in blinded
listeners’ understanding of dysarthric phrases (Hammen,
Yorkston, & Minifie, 1994; McAuliffe, Kerr, Gibson,
Anderson, & LaShell, 2014; Neel, 2009; Patel, 2002; Patel
& Campellone, 2009; Pilon, McIntosh, & Thaut, 1998;
Tjaden & Wilding, 2004; Turner, Tjaden, & Weismer, 1995;
Van Nuffelen et al., 2010; Van Nuffelen, De Bodt, Wuyts,
& Van de Heyning, 2009; Yorkston, Hammen, Beukelman,
& Traynor, 1990). However, even among participants with
the same etiology and dysarthria subtype, there has been
considerable variation in treatment effects observed across
studies—and not all individuals have responded positively
to loud and slow treatment cues (McAuliffe, Fletcher,
Kerr, O’Beirne, & Anderson, 2017). As with more com-
plex programs of treatment, this variation across partici-
pants can prevent group outcomes from reaching statistical
significance (e.g., Pilon et al., 1998; Van Nuffelen et al.,
2010).

It is unclear why certain speakers respond differently
to treatment cues. Studies examining the effects of loud
speech on intelligibility have mainly focused on hypokinetic
dysarthria, which is closely associated with Parkinson’s
disease (PD). Neel (2009) examined the effect of loud cued
speech on intelligibility in five people with PD and hypo-
kinetic dysarthria. Four of these speakers exhibited signifi-
cantly improved intelligibility when cued to speak loudly.
Tjaden and Wilding (2004) also found significant intelligi-
bility gains in a group of 12 speakers with PD. However, for
their 15 participants with multiple sclerosis, the cue to
speak loudly did not significantly improve speech intelligibil-
ity. Although these results seem promising for individuals
with PD, even within this group it seems treatment deci-
sions may not be straightforward. For example, Tjaden and
Wilding showed that loud speech exacted greater intelli-
gibility gains than did the cue to speak slowly, whereas
McAuliffe et al. (2014) reported the opposite; slowed cued
speech resulted in a significantly higher proportion of correct
listener responses compared with increased vocal loudness
3044 Journal of Speech, Language, and Hearing Research • Vol. 60 •
(although speakers were able to increase their accuracy
in the loud condition over time, thereby reducing these
differences).

The second cueing strategy, reduced speech rate, can
be elicited using a variety of techniques. Studies directly
comparing techniques to slow rate of speech have indicated
that voluntary rate reduction (e.g., speaking slowly on de-
mand) may benefit more speakers than rigid rate control
techniques (Van Nuffelen et al., 2009, 2010). However, it
is unclear whether this finding is due to differences in the
manner in which speakers pause and extend the duration
of syllables or to the overall extent to which speakers
change their speech rate. Across rate control techniques,
studies have revealed significant variation in intelligibility
outcomes. For example, Turner et al. (1995) examined the
impact of reduced speech rate, elicited through magni-
tude production, in nine speakers with amyotrophic lat-
eral sclerosis and dysarthria. Improved intelligibility was
found in only four participants. In contrast, across paced
reading conditions, Yorkston et al. (1990) found consis-
tent intelligibility improvements among participants with
hypokinetic (n = 4) and ataxic (n = 4) dysarthria. Hammen
et al. (1994) also found consistent improvement in five
speakers with hypokinetic dysarthria, although the degree
of improvement differed considerably between the two
studies. When speakers with hypokinetic dysarthria were
prompted to reduce their speech to 60% of their habitual
rate, the average increase in intelligibility was 26% in
the study by Yorkston et al. but only 9% in the study by
Hammen et al. Other studies have also produced conflict-
ing findings for speakers with hypokinetic dysarthria.
For example, McAuliffe et al. (2014) reported that slowed
speech (elicited with magnitude production) resulted
in significant improvements to intelligibility in five speak-
ers with hypokinetic dysarthria. However, Tjaden and
Wilding (2004), using the same elicitation technique, found
that slow speech did not significantly enhance intelligibility
in their group of 12 speakers with PD or 15 speakers with
multiple sclerosis. Overall, little consistent evidence has
emerged regarding the effects of reduced speech rate on in-
telligibility outcomes across individuals with different sub-
types of dysarthria.

Differences in intelligibility gains between studies
should be interpreted with some caution. Intelligibility can
be estimated in many ways, across both predictable and
unpredictable speech stimuli. Rating scales may have a
slight advantage in their ability to measure subtle speech
changes because they do not exhibit the same ceiling ef-
fects observed in transcription-based measures (Sussman &
Tjaden, 2012). However, generally speaking, listener rat-
ing scales and subjective estimates of intelligibility tend to
rank speakers in the same order as objective measures of
the percentage of words correct (Yorkston & Beukelman,
1978). Hence, although we cannot directly compare intelli-
gibility gains that have been established using different
measurement techniques, we can assume that a speaker
who exhibited intelligibility gains in one study would not
exhibit reduced intelligibility in another study. For this
3043–3057 • November 2017



reason, the lack of agreement regarding which strategies
are of most benefit to speakers is a concern.

The Relationship Between Speech Features
and Treatment Outcomes

On the basis of the evidence presented, no “one size
fits all” strategy exists for improving intelligibility for in-
dividuals with dysarthria. At present, neurologic etiology
and the Mayo classification system are generally used to
group participants with dysarthria in treatment studies (e.g.,
Cannito et al., 2012; Lowit et al., 2010). Researchers have
long presumed that similar patterns of muscle or movement
disorders will contribute to similar speech symptoms, mak-
ing it easier to generalize speech treatments to a group with
“the same” type of neurological impairment (Duffy, 2013).
However, the Mayo classification system does not imply
or assume homogeneity of speech characteristics within a
given neurological etiology or dysarthria subtype. Rather,
speakers within a single dysarthria subtype can present quite
differently across levels of severity, and many aberrant per-
ceptual features are common across multiple dysarthria
subtypes (e.g., imprecise consonants or slow rate of speech;
Duffy, 2013; Kim, Kent, & Weismer, 2011; Weismer, 2006).
The purpose and power of the Mayo classification system
is differential diagnosis and lesion localization afforded by
specific clusters of perceptual symptoms that overlap min-
imally with other diagnoses; however, this system may
not be optimal for grouping participants in treatment
studies.

Although a common hypothesis is that certain treat-
ment strategies are more appropriate for some dysarthria
subtypes than others (Duffy, 2013, pp. 421–423), the re-
search evidence underpinning this hypothesis is limited.
Fox, Morrison, Ramig, and Sapir (2002), in reviewing the
literature on the Lee Silverman voice treatment, suggested
that loudness training was most beneficial for speakers
exhibiting reduced respiratory and laryngeal drive, with
speech that presents as quiet and breathy and has less vari-
ation in pitch and amplitude. However, to our knowledge,
no studies have been conducted to examine the relationship
between the presence of these speech features and intelligi-
bility gains following the use of loudness as a cue. In indi-
viduals with spastic dysarthria, increasing loudness is not
traditionally recommended to improve intelligibility because
this increase is thought to exacerbate hyperadduction of the
vocal folds (Duffy, 2013, pp. 421–423). Yet, case study evi-
dence indicates that strategies focused on increasing loud-
ness can increase the intelligibility of speakers diagnosed
with dysarthrias containing some spastic components
(e.g., D’Innocenzo, Tjaden, & Greenman, 2006). Further-
more, although a reduced speech rate is commonly recom-
mended across dysarthria subtypes to improve intelligibility,
Van Nuffelen et al. (2010), in their examination of rate con-
trol techniques across six dysarthria subtypes (including
unspecified mixed dysarthrias), found that many participants
experienced no change in intelligibility in response to a slow
speech cue. There was no indication that speakers of any
one subtype were more likely to increase their intelligibility
than were speakers of another type.

If knowing a person’s dysarthria subtype does not
offer reliable information about the presence and severity
of various disordered speech features, we are limited in
what we can infer from studies that group together speakers
in this manner. The result of this approach is limited evi-
dence of which diagnostic speech features are most impor-
tant for selecting a particular treatment approach (e.g.,
does the presence of a certain speech feature mean that
a loud speech strategy will facilitate improvements to intel-
ligibility?). To determine the appropriateness of a treat-
ment technique for any given individual, clinicians should
utilize more information about the unique combina-
tions of features that occur in speech output when making
treatment decisions. By approaching treatment decisions
in this way, clinicians disregard any assumptions about
the speech signal that are based purely on neurologic
etiology.

The severity of an individual speaker’s dysarthria
is also likely to affect their response to cueing strategies
(e.g., Hammen et al., 1994; Pilon et al., 1998). For exam-
ple, speakers with more severe dysarthria may have more
“potential” to increase their intelligibility. That is, speakers
who exhibit severely reduced intelligibility in their baseline
speech will not experience a ceiling effect in the treatment
gains that can be made (Hammen et al., 1994). Pilon et al.
posited that slow cued speech might negatively impact a
speaker’s “naturalness” and, for this reason, may be less
effective for speakers who already have high intelligibil-
ity. However, evidence supporting improved treatment out-
comes for speakers with more severe dysarthria has been
inconsistent (Van Nuffelen et al., 2009). The effect of in-
creased intelligibility gains as dysarthria severity increases
probably also depends on the treatment strategy being tested
(Hunter, Pring, & Martin, 1991). Thus, although we sus-
pect that baseline severity will affect speakers’ responses
to treatment, it is unclear in exactly what direction these
effects might occur.
The Current Investigation
Overall, we do not have clear evidence demonstrat-

ing which baseline characteristics are indicative of speakers
who will benefit from a particular form of speech cue and
which symptoms may act as contraindications for this
treatment. Current evidence suggests the need to look be-
yond broad subtype categories to fully understand a person’s
response to treatment. One hypothesis is that to identify the
types of speakers who will achieve success with certain
behavioral strategies (in addition to the types of speakers
who will not), a deeper understanding of these participants’
baseline speech features is needed. These features should
be measurable across participants with dysarthria, so that
researchers can make predictions about whether a treat-
ment strategy is appropriate for any speaker, regardless of
their dysarthria etiology and subtype.
Fletcher et al.: Predicting Intelligibility Gains in Dysarthria 3045



The current study was conducted to explore whether
acoustic and perceptual features of participants’ baseline
speech can be used to predict speaker responses to treat-
ment techniques. Baseline speech refers to participants’
habitual speech patterns when they are not using any com-
pensatory strategies. The three aims of this investigation
were (a) to compare how cues to speak loudly and reduce
speech rate changed speakers’ intelligibility, (b) to deter-
mine whether features of speakers’ baseline speech could
account for the variation observed in intelligibility gains,
and (c) to model, in speakers whose intelligibility improved,
which of the two treatment strategies was most appropriate
for each individual.

In the current study, targeted assessments of baseline
speech were selected because they were reported to be use-
ful in predicting intelligibility deficits and distinguishing
among different types of dysarthria. In our associated com-
panion article (Fletcher, Wisler, et al., 2017), we investigate
whether automated acoustic assessments can also be used to
accurately model speakers’ intelligibility gains.

Method
Speakers

Fifty speakers of New Zealand English (NZE;
35 men and 15 women) ages 43 to 89 years contributed
speech recordings. Of these speakers, 43 were diagnosed
with dysarthria ranging from mild to severe (see Table 1
for biographical information). Dysarthria severity was
determined via consensus judgments of the first three
authors. The remaining seven speakers, who reported
no history neurological impairment, acted as controls.
The group diagnosed with dysarthria had a mean age
of 65 years, and the control group had a mean age of
70 years.

Speech Stimuli
Speakers attended a single recording session. Record-

ings took place in a quiet room, with an investigator pres-
ent. Digital audio recordings were made via an Audix HT2
headset condenser microphone positioned approximately
5 cm from the mouth with a sampling rate of 48 kHz and
16 bits of quantization.

The “Grandfather Passage” was used to elicit a sam-
ple of participants’ baseline speech and samples simulating
two common treatment strategies. For the baseline condi-
tion, speakers were asked to read the passage in their every-
day speaking voice after they had familiarized themselves
with passage. Two participants with dysarthria required as-
sistance reading the passage. In these instances, the first au-
thor would read full sentences from the passage, with the
speaker repeating the sentences immediately afterwards. To
create the treatment simulations, a magnitude scaling pro-
cedure was used to elicit louder and slower speech. For the
slow condition, speakers were asked to say each phrase at
“what feels like half your normal speed.” For the loud con-
dition, speakers were asked to read each phrase “at a level
3046 Journal of Speech, Language, and Hearing Research • Vol. 60 •
that feels like twice as loud as normal” (Tjaden & Wilding,
2004). For approximately half of the participants (n = 20;
some of whom were included in previous studies in our lab;
see McAuliffe et al., 2014), stimuli were produced in the
habitual condition first, followed by the slow condition and
then the loud condition. The intention was to reduce the
carryover of loud speech into the slow condition. However,
this carryover effect was not observed in readings of longer
passages; hence, for the remaining 30 participants the order
that the loud and slow cues were presented was random-
ized (although the baseline habitual condition was always
produced first). Because order in which speakers pro-
duced loud and slow speech was not balanced, we investi-
gated whether the order of stimuli production had any
effect on our outcome measures. We found no significant
relationship between the order in which speakers produced
loud and slow speech and any of the outcomes examined in
this study.

Procedure
This study was conducted in two steps. Step 1 was

determination of intelligibility gains—a perception ex-
periment in which listeners rated the intelligibility of
speakers’ baseline, loud, and slow speech recordings.
Step 2 was an analysis of participants’ baseline speech
features.

Step 1: Determining Intelligibility Gains
Intelligibility gains in response to loud and slow

speaking cues were measured using a listener rating task.
Intelligibility gains for the seven control speakers were
examined alongside those for the 43 speakers with dysar-
thria to include a large range of possible speech features
and severity of dysarthria. Initially, 25 listeners made judg-
ments of intelligibility along a visual analog scale. How-
ever, only 18 listeners were selected to be included in the
final measurement of intelligibility gain on the basis of sat-
isfactory intrarater agreement across repeated trials. All
listeners were NZE speakers between the ages of 18 and
35 years, and all passed a hearing screening before beginning
the experiment. None of the listeners were familiar with
dysarthric speech. In each trial, the listeners were presented
with three identical phrases extracted from the “Grandfather
Passage” that were produced in the baseline, loud, and
slow conditions by one of the study’s speakers. The listeners
heard different sets of phrases for different speakers, but all
speech stimuli were 11–14 syllables in length, and the first
and last sentences of the reading passage were not included.
The length of these stimuli was consistent with previous work
involving perceptual ratings of a large number of speakers
(e.g., Fletcher, McAuliffe, Lansford, & Liss, 2017; Lansford,
Liss, & Norton, 2014).

To determine which speech stimuli were played, each
speaker was randomly assigned to one phrase, and the same
phrase was presented in the habitual, loud, and slow con-
ditions for that speaker. When interruptions in the reading
3043–3057 • November 2017



Table 1. Demographic information for speakers with dysarthria.

Sex Age (years) Medical etiology Severity of disorder

F 46 Brain tumor Mild–moderate
M 58 Brainstem stroke Moderate
M 56 Cerebellar ataxia Mild
F 69 Cerebral palsy Severe
M 60 Cerebral palsy Severe
F 68 Freidreich’s ataxia Mild
F 47 Huntington’s disease Moderate–severe
M 55 Huntington’s disease Severe
M 43 Hydrocephalus Severe
F 53 Multiple sclerosis Mild–moderate
F 60 Multiple sclerosis Moderate–severe
F 79 Parkinson’s disease Mild
M 76 Parkinson’s disease Mild
M 77 Parkinson’s disease Mild
M 67 Parkinson’s disease Mild
F 83 Parkinson’s disease Mild
M 68 Parkinson’s disease Mild
M 89 Parkinson’s disease Mild
M 58 Parkinson’s disease Mild
M 73 Parkinson’s disease Mild
M 79 Parkinson’s disease Mild
M 69 Parkinson’s disease Mild
M 68 Parkinson’s disease Mild
F 70 Parkinson’s disease Mild–moderate
M 67 Parkinson’s disease Mild–moderate
M 71 Parkinson’s disease Mild–moderate
F 73 Parkinson’s disease Mild–moderate
M 65 Parkinson’s disease Mild–moderate
M 75 Parkinson’s disease Moderate
M 79 Parkinson’s disease Moderate
M 71 Parkinson’s disease Moderate
M 69 Parkinson’s disease Moderate
M 81 Parkinson’s disease Moderate–severe
M 77 Parkinson’s disease Moderate–severe
F 67 Progressive supranuclear palsy Mild
M 64 Spinocerebellar ataxia Severe
M 72 Stroke Severe
F 48 Traumatic brain injury Mild–moderate
M 55 Traumatic brain injury Mild–moderate
M 60 Traumatic brain injury Moderate
M 47 Traumatic brain injury Severe
M 53 Undetermined neurological disease Moderate
F 45 Wilson’s disease Mild

Note. F = female; M = male.
of the phrase occurred that were unrelated to dysarthria
(e.g., speakers coughing, laughing, or misreading words
in one of the three speech conditions), the speaker was re-
assigned to another phrase. This phrase assignment process
ensured that repetitions of phrases in the baseline, loud, and
slow conditions could be fairly compared.

In each trial, the speech stimuli from the habitual,
loud, and slow conditions were represented on-screen
graphically with an icon (e.g., a loud phrase was repre-
sented by a triangle and a slow phrase was represented by
a circle). The icons were randomly assigned in each trial,
so no pattern in the order in which stimuli were presented
to listeners was discernable. Recordings were all scaled to
the same average dB SPL and were presented at the same
volume throughout the experiment. Intelligibility was de-
fined as the ease with which speech could be understood,
consistent with previous work (Fletcher, Wisler, et al.,
2017; Tjaden & Wilding, 2004). Listeners were prompted to
“rate how easy you find the phrase to understand” and then
place the specific phrase’s icon at a point along the scale
(i.e., when the slow condition was easier to understand than
the baseline condition, the slow icon would be deposited fur-
ther along the scale). An example of the visual presentation
is shown in Figure 1. Listeners were able to replay the stim-
uli as often as they wished before making a decision. Each
listener rated two identical blocks of habitual, loud, and slow
phrases for every speaker, completing a total of 100 trials.
Trials were presented in a random order for each listener.

A rating scale was used to measure intelligibility
gains for several reasons. Acoustic analysis required a set
of identical speech samples across speakers, which made
orthographic transcription inappropriate because repeating
Fletcher et al.: Predicting Intelligibility Gains in Dysarthria 3047



Figure 1. Example of a trial in the perceptual experiment to determine
intelligibility gain. The screen shows three icons that were randomly
assigned to play a matching phrase from a participant’s habitual,
loud, and slow speaking condition. Copies of these icons were
placed along a visual analog scale to indicate how difficult the three
phrases were to understand.
the same speech stimuli in a transcription task would result
in perceptual learning and improved transcription across
the experiment. Visual analog scales tend to be sensitive to
subtle speech changes associated with dysarthria, and rat-
ings of intelligibility generally agree closely with ortho-
graphic measures (Sussman & Tjaden, 2012; Yorkston &
Beukelman, 1978). For this reason, we determined that
visual analog scaling would allow listeners to efficiently
index small intraspeaker changes in speech production.

To measure intelligibility gain, the average distance
that the loud and slow icons were placed from the baseline
speech icon was calculated for each listener. This average
was used to compute a z score for the amount of change
(in either the negative or positive direction) that occurred
as a result of the two treatment conditions. For example,
the z score for Listener 1’s rating of Speaker 1 in the loud
condition would be derived in the following manner. The
absolute value of the difference between the listener’s rating
of Speaker 1’s baseline speech and loud cued speech would
be calculated. Then, the average difference in ratings that
this listener gave to all speakers’ baseline speech and their
loud and slow cued speech would be subtracted from
this value. The resultant number would then be divided
by the standard deviation of the difference in ratings that
this listener gave to all speakers’ baseline speech and cued
speech. This process was used for each rating reported
by the listener participants and created a z score for each
trial.

By definition, the z score was lowest when the lis-
tener gave the baseline and cued speech conditions the
same rating. Therefore, when we extracted the difference
between the lowest possible z score and all other z scores
reported by a listener, we produced a series of positive
3048 Journal of Speech, Language, and Hearing Research • Vol. 60 •
scores (when the baseline and treatment conditions were
rated differently) and scores of 0 (when the conditions
were rated the same). The final ratings given to each
speaker were then made positive or negative depending
on the direction of the change. After completing these
procedures, ratings from the 18 most internally reliable
listeners were averaged to give one group average rating
per speaker.

Comparing speech samples within the same trial to
determine whether a change in intelligibility and/or speech
quality has occurred is common practice in dysarthria
treatments (see Park, Theodoros, Finch, & Cardell, 2016;
Sapir et al., 2002, 2003; Wenke et al., 2011). In the present
study, we did not attempt to quantify the precise degree
of intelligibility change caused by each treatment simula-
tion. Instead, we were primarily interested in determining
whether cues to speak loudly and slowly changed the intel-
ligibility of different speakers. Hence, the purpose of com-
paring samples within the same speaker was to provide a
measurement that could be used across people who exhib-
ited large differences in baseline intelligibility and would
be sensitive to the relatively small changes produced fol-
lowing cues to speak loudly and slowly.

On average, listener z score ratings ranged from −4.9
to 5.2 across the speakers they were asked to rate, produc-
ing a scale ranging from 10 to 11 points. Although listeners
usually agreed about which sample they preferred, the dis-
tance between where they placed the baseline and treatment
icons was highly variable. For loud cued speech, listeners’
standard deviation in z scores was 0.50–1.68 for different
speakers. In the slow condition, variability in listeners’ rat-
ings was even higher, with standard deviations in z scores
of 0.61–2.03 for different speakers. Thus, for certain
speakers, listeners were not in close agreement about the
amount of improvement the treatment strategy produced.

To best represent the general opinion of the listener
population, we averaged z scores for the 18 most internally
reliable listeners. The models developed were built using
these average values. Issues regarding the reliability of lis-
teners’ ratings of “ease of understanding” are further ad-
dressed in the Discussion section.

Reliability
Because the experiment required sustained focus by

the listener, checks were included to ensure that listeners
were consistent in their ratings throughout the experiment.
Trials from each speaker were presented twice for this
purpose, at random stages throughout the experiment.
Although the order of all trials was randomized for each
listener, trials from the same speaker were never allowed
to occur in immediate succession. Only listeners who
placed the baseline and treatment icons in the same order
in over 65% of the repeated trials were included in the
final results. After removing the less reliable listeners, 18
remained. On average, the 18 listeners were consistent in
the order in which they placed the icons in 77% of the re-
peated trials. Interrater reliability was assessed in a similar
way by examining the proportion of listeners who placed
3043–3057 • November 2017



the baseline and treatment icons in the same order within
trials (trials in which listeners gave two samples identical
ratings were excluded). The proportion of listeners who
agreed on the “most intelligible” sample differed consider-
ably across speakers. For example, when a speaker did not
produce noticeable changes between the treatment condi-
tions, listeners were often inconsistent in their preferences.
For this reason, listeners’ agreement across trials ranged
from 50% (indicating no consensus) to 100% (indicating to-
tal agreement about which sample was most intelligible).
On average, 76% of listeners agreed in their preferences for
the treatment versus baseline speech in each trial.

Step 2: Analyses of Participants’
Baseline Speech Features
Perception Task: Severity of Dysarthria

A second perceptual task was undertaken, in this case
to obtain a speech severity rating value for each speaker
(both those with dysarthria and healthy controls) in the
baseline condition. These data were originally reported by
Fletcher, Wisler, et al. (2017). In this task, a separate group
of 14 listeners rated speakers’ baseline speech precision
along a visual analog scale. All listeners were speakers of
NZE (ages 18–31 years), passed a hearing screening, and
did not have training in the assessment of dysarthria. The
listeners were exposed to one identical phrase from each
speaker and were prompted to rate “the speaker’s speech pre-
cision.” Listeners rated one speaker at a time, with each trial
repeated once for reliability purposes. As with the previous
perceptual experiment, the order of trials was randomized
for each listener so repeated trials were spread throughout
the experiment. However, two trials from the same speaker
were never allowed to occur in immediate succession.
The raw ratings were converted to z scores for each listener
before being averaged across the listener group. Further
details of this rating protocol were previously published by
Fletcher, Wisler, et al. (2017). Using this protocol, the average
intrarater correlation (across ratings of the same speech sam-
ples) was r(852) = .90, p < .001. Intraclass correlation coeffi-
cients (2, 1) were .835, indicating high interrater reliability.

Acoustic Analysis
To complete the acoustic analysis, each speaker’s

baseline recording of the “Grandfather Passage” was
transcribed and then automatically segmented at the pho-
neme level using the hidden Markov model toolkit (Young
et al., 2002). All automatically derived phoneme bound-
aries were then visually checked for accuracy by a team
of trained analyzers using standard criteria (Peterson &
Lehiste, 1960). When uncertainty arose in discriminating
boundaries for consecutive phonemes (e.g., /t/ and /s/)
the boundary selected through the automatic segmenta-
tion was retained. For further information about this
process see Fletcher, McAuliffe, Lansford, and Liss (2015).

After manual checking, seven acoustic metrics
were extracted from across each speaker’s baseline speech
recordings. The first five were used to index articulation
and speech prosody; we measured articulation rates, the
pairwise variability index for vocalic intervals (vPVI), for-
mant centralization ratios, and the standard deviations of
speakers’ fundamental frequency and intensity from across
the “Grandfather Passage.” These measurements are simi-
lar to those examined by Kim et al. (2011) and were se-
lected because they were reported to be useful either for
predicting intelligibility deficits or for distinguishing among
different types of dysarthria. For example, certain dysar-
thria subtypes are thought to have quantifiable differences
in their articulation rates and vPVI scores (Liss et al., 2009),
whereas variations in speakers’ fundamental frequency
and intensity are thought to differ based on their dysarthria
severity (Bunton, Kent, Kent, & Rosenbek, 2000; Metter
& Hanson, 1986; Schlenck, Bettrich, & Willmes, 1993).
However, Lowit (2014) provided evidence of variability
in the vowel vPVI measures among speakers with hypo-
kinetic dysarthria.

In addition to these five acoustic metrics, two indices
of voice quality were also included: smoothed cepstral
peak prominence (Hillenbrand & Houde, 1996) and the
amplitude of the first harmonic. These measurements were
included because aspects of voice quality are thought to dif-
fer considerably among speakers with dysarthria (Darley,
Aronson, & Brown, 1975), and preliminary research indi-
cated that these measurements may be useful for index-
ing differences in listeners’ perceptions of breathiness and
strain (Cannito, Buder, & Chorna, 2005; Hillenbrand &
Houde, 1996).

To summarize, these seven acoustic measures were
chosen to gain an objective account of differences in the
speech signal across speakers. Further details of the mea-
surements are included in Table 2.
Results
Effect of Loud and Slow Cued
Speech on Intelligibility

Speakers’ intelligibility changes in response to dif-
ferent treatment simulations are summarized in Figure 2.
Visual analysis indicated considerable variation in the
amount of intelligibility gain speakers achieved in the loud
and slow conditions. However, speakers who had large
intelligibility gains in the one condition were more likely
to have intelligibility gains in the other (i.e., intelligibility
gains in the two conditions were positively correlated
across speakers), r(48) = .55, p < .001. Overall, 35 speak-
ers showed some degree of improvement using one or more
of the treatment strategies. The baseline speech of the re-
maining 15 speakers was rated as more intelligible than their
speech in either treatment condition. Among the speakers
that did not benefit from the treatment cues, healthy con-
trol speakers were disproportionally represented. Five of
seven healthy controls had baseline speech samples that
were rated as the most intelligible. In contrast, only 10 of
the 43 speakers with dysarthria were given the highest rat-
ing for the baseline condition.
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Table 2. Description of acoustic measures.

Measure Description

Articulation rate Number of syllables per second. Pauses > 50 ms were excluded from the calculation (see Robb, Maclagan, &
Chen, 2004).

vPVI Normalized pairwise variability index for vocalic intervals. The mean of the differences between successive vocalic
intervals divided by their sum (×100) (see Liss et al., 2009).

Pitch variation Standard deviation of fundamental frequency in Hz.
Intensity variation Standard deviation of intensity in dB.
FCR Formant centralization ratio, adapted for New Zealand vowels. Measured as a ratio of formant frequencies in Bark;

(F2[oː] + F2[ɐː] + F1[iː] + F1 [oː]) ÷ (F2[iː] + F1[ɐː]) (see Fletcher, Wisler, et al., 2017).
CPPS Smoothed cepstral peak prominence. The amplitude of the CP corresponding to the fundamental period (in dB),

normalized for overall signal amplitude (see Hillenbrand & Houde, 1996). Cepstrums were measured from within
vowel segments, with a Hanning window applied to the 60-ms segment at the temporal center of each vowel
and shorter vowels excluded from the analysis.

H1A First harmonic amplitude, measured in dB. The amplitude of the first harmonic minus the amplitude of the second
harmonic (see Hillenbrand & Houde, 1996). As described for CPPS, harmonics were measured from within
vowel segment windows.

Figure 2. Perceived improvement in loud and slow speaking
conditions. The origin (zero) indicates the speaker had the same
average intelligibility rating across the habitual and treatment
conditions. The x- and y-axes indicate the number of standard
deviations of intelligibility change that occurred from this point.
Predicting Intelligibility Improvement
A series of linear regression models were used to

analyze the effect of speakers’ baseline speech features
on their intelligibility improvement in the two treatment
conditions. Our aim was to better characterize both the
types of speakers who made large gains in response to
treatment cues and the types of speakers who did not.
For this reason, Models 1 and 2 included all speakers
in our data set.1 Before the models were run, speakers’
acoustic and perceptual features were evaluated for
sources of multicollinearity. Correlations between dif-
ferent speech features ranged from .06 to .64. Although
many significant correlations were found, none were high
enough to raise concern (see Table 3 for more detail).
Because of the large set of acoustic variables, backward
stepwise regression was conducted to identify a subset
of speech features that were predictive of speakers’ im-
provement in intelligibility. Model selection proceeded in
a backward stepwise iterative fashion seeking to create
a predictive model that contained only significant effects
(with α = .05). This process resulted in the creation of
two models: one to predict improvement in the loud
condition and one to predict improvement in the slow
condition. To provide an additional check for multicolli-
nearity, we calculated variance inflation factors for all
1A separate set of linear regression models were calculated with the
seven healthy control speakers removed from the data set. For Model 1,
which predicted improvement in the slow condition, the exact same
significant effects were found. The main effect for listener ratings of
speech precision was only marginally weaker, β = −0.53 (0.16), p = .001,
whereas the effect of vPVI increased slightly, β = 0.36 (0.13), p = .007.
In Model 2, which predicted improvement in the loud condition, the
effect of listener ratings of speech precision was no longer significant
when included in the model (p = .09). Hence, the final model contained
only one main effect for articulation rate, β = 0.42 (0.12), p = .001.
Removal of listener ratings from this model resulted in a clear reduction
in the effect size of articulation rate, indicating that controlling for
speech severity increased the strength of the relationship between
articulation rate and intelligibility gains.
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statistical models that contained more than one indepen-
dent variable. All factors were below 1.5.
Model 1: Intelligibility Gains in Response to Cues
to Speak More Slowly

Model 1 examined the degree that speakers changed
their intelligibility in the slow condition relative to their
baseline speech sample. With Model 1, the level of improve-
ment in intelligibility made in the slow condition was best
predicted by both speakers’ baseline speech severity and
their vocalic pairwise variability index. To compare the
relative effect of these features, all regression coefficients
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Table 3. Correlations between baseline speech measurements across speakers.

Feature 1 2 3 4 5 6 7

1. Perceptual ratings (higher rating = less severe)
2. Formant centralization ratio −.61**
3. Articulation rate .44** −.21
4. First harmonic amplitude .18 −.06 .64**
5. Smoothed cepstral peak prominence −.23 .15 −.56** −.47**
6. Pitch variation −.10 −.02 −.43** −.40** .19
7. Intensity variation −.15 .22 −.49** −.38** .51** .36*
8. Normalized vocalic pairwise variability index .31* −.19 .35* .07 .08 −.22 −.06

*p < .05. **p < .01.
were standardized. The final model included a main effect
for listener ratings of speech precision, β = −0.59 (0.13),
p < .001, indicating that speakers with more severe dysar-
thria experienced significantly greater intelligibility improve-
ments when cued to slow down. There was also a significant
effect for measurements of vPVI, β = 0.33 (0.11), p = .006,
which suggests that speakers with a greater degree of
temporal variability in their speech segments were better
able to utilize slow speech as a strategy for increasing intelli-
gibility. However, this relationship was only apparent once
baseline speech severity was held constant. Overall, Model 1
accounted for 34% of the variance in speakers’ responses
to treatment cues. Interactions between the variables were
not significant.

Model 2: Intelligibility Gains in Response to Cues
to Speak Louder

Model 2 examined the degree that speakers chan-
ged their intelligibility when cued to speak loudly. With
Model 2, improvements in the loud condition were best
predicted by speakers’ articulation rate and their baseline
speech severity. The final model had a main effect for ar-
ticulation rate, β = 0.52 (0.12), p < .001, suggesting that
speakers with a faster rate of speech experienced signifi-
cantly greater improvements in intelligibility when cued
to speak loudly. There was also a significant effect for rat-
ings of speech precision, β = −0.41 (0.13), p = .003, indi-
cating that speakers with more severe dysarthria had greater
gains in intelligibility, although this relationship was appar-
ent only when speakers’ articulation rates were held con-
stant. All regression coefficients were standardized, and
interactions between variables were not significant. Overall,
Model 2 accounted for 31% of the variance in speakers’
responses to treatment cues.

Choosing Between Treatment Cues
Models 1 and 2 provided insight into speech features

that can be used to determine the appropriateness of loud
or slow treatment cues for any given person. However,
Figure 2 shows that some speakers benefited considerably
more from one speech modification as opposed to the
other. Hence, the question remains: Which characteristics
of dysarthria can be used to identify speakers who will
perform better with one strategy over another? To answer
this question, we examined a subset of 35 speakers who
experienced a positive change in intelligibility in response
to either the loud or slow treatment strategy. These partici-
pants were divided into two groups: Group 1 had greater
intelligibility gains in the loud condition (n = 24), and
Group 2 had greater gains in the slow condition (n = 11).
The participants who were included in each group are listed
in Appendix A.

Intelligibility improvement was measured as an aver-
age of listeners’ z scored ratings (with each unit represent-
ing 1 SD of change between the baseline and treatment
conditions). Participants in Group 1 experienced an aver-
age improvement in the loud condition of 0.76 SD. Par-
ticipants in Group 2 experienced an average improvement
in the slow condition of 0.70 SD. The two groups were
coded separately, and group membership was used as the
dependent variable for a series of binomial regression models
developed to determine whether there were differences in
the speech features of participants who did better in one
treatment condition as opposed to the other. Model selec-
tion proceeded in a backward stepwise iterative fashion
seeking to create a predictive model that contained only
significant effects (with α = .05).

Model 3: Speakers’ Most Successful
Treatment Strategy

Model 3 examined whether speakers had greater in-
telligibility gains in the loud or slow treatment condition.
With Model 3, speakers’ better treatment strategy was best
predicted by the baseline measurement of their first har-
monic amplitude (H1A). The final model contained only
one main effect for H1A, β = −1.36 (0.53), p = .01, sug-
gesting that a speaker’s baseline voice quality was the best
determinant of whether one treatment condition would
be more successful than another. As in previous models,
the regression coefficient was standardized, and there
were no significant interactions. The odds ratio revealed
that for each standard deviation increase in a speaker’s
H1A scores, speakers were 3.9 times more likely to per-
form better in the loud condition than in the slow condi-
tion. In comparison to the null model, the inclusion of
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H1A significantly improved the fit of the model, χ2(1) =
9.13, p = .003.
Discussion
In the present study, we investigated measurements

of speakers’ baseline speech features to determine whether
there were objective speech assessment data that could
be used to make predictions about individuals’ responses
to treatment. The study included a range of speakers with
dysarthria, and each of their baseline speech features was
analyzed in the same way, regardless of their underlying eti-
ology. The three main aims were (a) to compare how cues
to speak loudly and reduce speech rate changed speakers’
intelligibility, (b) to determine whether features of speak-
ers’ baseline speech could account for the variation ob-
served in their intelligibility gains, and (c) to model which
of the two treatment strategies was most appropriate for
each person.
Intelligibility Gains Following Cues to Speak
Loudly and Slow the Rate of Speech

Across speakers, variable intelligibility gains were
observed following cues to speak loudly and reduce the
rate of speech. Overall, behavioral cues had a positive
effect on ratings of intelligibility for most speakers with
dysarthria, and these improvements were linked across
speakers. When a speaker exhibited large improvement
in response to one treatment, they were likely to also ex-
hibit improvement in response to the other treatment. The
variation in participants’ responses to speech cues was con-
sistent with findings from previous investigations (Hammen
et al., 1994; Neel, 2009; Pilon et al., 1998; Tjaden & Wilding,
2004; Turner et al., 1995; Van Nuffelen et al., 2009, 2010;
Yorkston et al., 1990). The level of variation in ratings of
loud cued speech and slow cued speech also was reasonably
similar (see Figure 2). However, the slow cued speech sam-
ples were more likely to be perceived as causing a reduction
in listeners’ ease of understanding.

This finding may, in part, reflect the manner in which
intelligibility gains were measured in the perceptual experi-
ment. In this experiment, listeners were asked to rate how
easy each speaker was to understand. Thus, the measure-
ments taken were not an objective tally of the words each
listener was able to correctly transcribe. Instead, the proto-
col allowed the listener to express his or her own prefer-
ences and biases for certain speech samples. In previous
studies, listeners had a natural preference for speech sam-
ples of a similar or slightly faster rate than their own speech
(Street, Brady, & Putman, 1983). Street et al. found that
when a healthy person speaks in this range, they are rated
by listeners as significantly more socially attractive and
competent than when speaking at a slower rate. For this
reason, listeners probably were naturally predisposed to
prefer faster speech samples where the objective intelligibil-
ity of the two samples was similar.
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Although the majority of speakers with dysarthria
were perceived to be somewhat easier to understand in at
least one of the cued speech conditions, this result was not
found for the healthy older speakers, which may indicate
that when a speaker is relatively healthy (i.e., a control
group member) and intelligible (as indicated by high rat-
ings of baseline speech precision) listeners are less likely to
view positively any behavioral changes to the speech sig-
nal. The tendency for negative ratings of control speakers
in the slow condition indicate that this cueing strategy may
be perceived as less natural than loud cued speech or may
require more listener effort when the speech signal is rela-
tively unimpaired.

A significant correlation was found between the in-
telligibility gains made by speakers in each of the treatment
conditions. This result was not particularly surprising—
speakers who are able to use one strategy with great suc-
cess are also more likely to be able to successfully employ
other speech modification strategies. However, because
in most dysarthria treatment studies the effects of only one
program at a time have been explored, researchers often
do not consider whether a particular group would achieve
similar results with a different speech therapy approach.
The correlation between speakers’ intelligibility gains fol-
lowing cues to speak loudly and reduce speech rate indicate
the importance of remaining open minded in approaches to
treating dysarthria. Although one strategy is successful for
a particular participant, it may not be the only speech modi-
fication that will produce positive outcomes.

Predictors of Intelligibility Gain
in the Slow Condition

In combination, an individual’s speech precision in
the baseline condition and their temporal vowel variation
(as measured with vPVI) were significant predictors of in-
telligibility improvement when prompted to speak slowly.
Specifically, participants with more severe speech impre-
cision and greater levels of temporal variation in their
syllables were more likely to be given higher intelligibility
ratings in the slow speech condition. Regarding the per-
ceptual speech precision ratings, this result was not
unexpected. Baseline severity has previously been hypothe-
sized to affect speakers’ intelligibility improvement in ex-
actly this manner (Hammen et al., 1994; Pilon et al., 1998).
Several reasons have been proposed for why speakers with
more severe dysarthria might benefit more from rate con-
trol strategies. For example, intelligibility gains could
exhibit a ceiling effect in speakers with highly intelligible
baseline speech (Hammen et al., 1994). Thus, among speakers
who improved their intelligibility, those with more severe
dysarthria could have larger differences in their ratings.
Slow cued speech also could negatively impact the “natural-
ness” of a person’s speech (Pilon et al., 1998). Because lis-
teners have a tendency to prefer speech that is of a similar
rate to their own, people with highly intelligible speech
who significantly slow down their natural speaking rate
may be perceived as requiring more effort to understand.
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When perceptual ratings of speech severity were held
constant, speakers who had a larger vPVI tended to make
greater intelligibility improvements. A high normalized
vPVI occurs as a result of increased durational differences
from one syllable to the next and is thought to be associ-
ated with speech that has more variation in stress (Liss
et al., 2009). Syllabic stress helps listeners in their segmenta-
tion of the dysarthric speech signal (Liss, Spitzer, Caviness,
Adler, & Edwards, 1998). Our model suggests that speak-
ers who have high temporal differentiation of stressed and
unstressed syllables may be able to employ rate control
strategies more effectively. When these speakers extend the
duration of their speech sounds, they may be able to pro-
duce clearer differences in the length of their vowels, which
may enable listeners to better detect their stressed syllables
despite the alteration to speech prosody.

Predictors of Intelligibility Gain
in the Loud Condition

Intelligibility gains in the loud condition were best
predicted by articulation rate and a perceptual measure
of the severity of the dysarthria in baseline speech. This
model (Model 2) suggests that when baseline severity is
controlled for people who speak with a faster articulation
rate tend to exhibit greater intelligibility gains in the loud
condition. In contrast, when baseline articulatory rates
are held constant, speakers with more severe dysarthria
tend to make greater intelligibility gains. The severity of
the dysarthria in baseline speech predicted intelligibility
improvement in a similar manner for both loud and slow
cued speech (although the effect was stronger for slow
cued speech). The reasons for this effect of severity in the
loud condition are likely to be similar to those in the slow
condition. For example, cues to speak loudly may have
a negative impact on perceived naturalness of the speech
to some degree.

A faster articulatory rate was predictive of intelli-
gibility gains in the loud condition but not in the slow
condition. One explanation is that speakers with a faster
articulatory rate may exhibit a range of related characteris-
tics that make loud speech an appropriate treatment strat-
egy. For example, cues to speak loudly have been theorized
to specifically address breathiness by improving vocal fold
adduction in speakers with dysarthria (Baumgartner et al.,
2001). In the present study, measures of articulatory rate
were strongly correlated with measures of acoustic voice
quality (see Table 3). Specifically, H1A had a strong and
significant relationship with articulatory rate. In previous
studies, H1A was positively correlated with the percep-
tion of breathiness (Hillenbrand & Houde, 1996) but was
hypothesized to be negatively correlated with measures of
creakiness, vocal strain, and the perception of roughness
(when breathiness is controlled for; Cannito et al., 2005).
The relationship between H1A and articulatory rate sug-
gests that speakers with a slow rate of speech may exhibit
a more strained speech quality, whereas speakers with a
normal or increased rate might be more likely to exhibit
breathiness. Articulatory rate may be more sensitive than
our measurements of cepstral peak prominence and H1A
to differences between breathy versus strained and effortful
speech. Hence, positive relationship between speakers’
articulatory rate and improvement in the loud condition
may be related to a number of covarying factors.

Comparing Treatment Cues in the Same Speakers
The final issue investigated was whether characteris-

tics of dysarthria could be used to identify speakers who
performed better with one strategy than another. Measures
of H1A were a significant predictor of whether speakers
would demonstrate greater success with cues to speak
loudly as opposed to cues to speak slowly. No further vari-
ables that accounted for significant variation in this model
(Model 3) were identified. Measures of H1A may be differ-
ently affected in speakers with a breathy voice quality and
speakers who are perceived to sound tense or strained
(Cannito et al., 2005; Hillenbrand & Houde, 1996). In this
model, participants who had breathier speech were more
likely to be rated higher in the loud than in the slow speech
condition.

This finding is not entirely surprising. Breathiness
occurs when adduction of the vocal folds is reduced, and
previous studies have reported improved vocal fold adduc-
tion following treatment that focuses on speaking loudly
(Smith, Ramig, Dromey, Perez, & Samandari, 1995). In
contrast, data obtained in the present study for the loud
condition suggest that loud speech may be contraindicated
in speakers who have a very slow speech and who perhaps
also exhibit an effortful or strained voice quality. This
effect may account for the significance of the H1A mea-
sure for distinguishing the speakers who are more likely
to be successful with cues to speak more slowly. This
model was developed to predict a broad, binary outcome
and—in contrast to Models 1 and 2—had less speaker
data available, which may account to some degree for its
relative simplicity.

Limitations
The limited sample of speakers with dysarthria in-

cluded in this study was the largest limitation to model
development and the generalizability of the models’ find-
ings. For example, the group of speakers included is un-
likely to represent the full range of speech characteristics
and dysarthria severity present in the larger population.
Therefore, the models generated probably cannot account
for all combinations of speech features found in speakers
with dysarthria. An overrepresentation of certain dysar-
thria etiologies (e.g., those with PD) may have skewed the
patterns of speech features observed in this study—and
therefore may have influenced the size of the effects re-
ported in the models. Speakers with the same etiology do
not necessarily share more similar acoustic speech features
(Kim et al., 2011). However, certain cardinal features of
dysarthria have been commonly documented in this group,
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including breathiness, reduced loudness, and a faster rate
of speech (Duffy, 2013). In the loud condition, articula-
tory rate was a significant predictor of intelligibility gains.
H1A was a significant predictor of speakers’ most success-
ful cueing strategy. However, the speakers with PD may
have affected the strength of these effects. For example,
speakers with PD and unusually fast rates or atypically
breathy voices may have had more influence on the results
because they represented a relatively large proportion of
the sample. This study was not designed to assess relation-
ships between neurological etiologies and treatment out-
comes. However, the most successful cueing strategy for
each speaker is listed in Appendix A, and many speakers
with PD produced their highest rated sample in the loud
condition.

This study did not include an attempt to measure to
what degree participants accurately followed the cues to
speak loudly or reduce their speech rate. For example,
some speakers made considerably more effort to speak
loudly than did others. In addition, some participants may
have been unable to produce noticeably louder speech or
to maintain this speech pattern throughout the reading pas-
sage. For slow cued speech, there was no control for the
reduction in speaking or the manner in which the speakers
reduced their rate. For example, some speakers were more
inclined to insert pauses between words and others extended
the duration of each syllable. The manner and degree to
which each speaker enacted production changes very likely
influenced the individual’s resultant intelligibility gain (an
issue explored further by McAuliffe et al., 2017). How-
ever, the intention of the present study was to establish
whether it was possible to predict speakers’ intelligibility
gains before they completed the two treatment simula-
tions. For this reason, information about the manner in
which they enacted loud and slow speech—including the
extent to which they changed their speech patterns—was
not controlled for in any way.

This study was also limited in its characterization
of the full range of listener responses to treatment strate-
gies. The reliability of listeners’ preferences for a particular
strategy was not particularly high. For a couple of par-
ticipants, listeners completely disagreed about whether a
particular strategy raised the speaker’s intelligibility. When
speech samples sounded very similar, the average z score
outcome was close to zero, indicating little positive or neg-
ative change. However, this outcome also occurred when
listeners were rating the two samples differently but were
unable to agree on whether the treatment strategy was
beneficial; these two results are difficult to disentangle.
Generally speaking, average listener ratings provided use-
ful insight into the types of speakers who benefited most
from particular strategies. However, the exact amount that
different speakers improved in the loud and slow condi-
tions should be interpreted with some caution because im-
provement is likely to be perceived differently across
listener groups. In future studies, a larger range of out-
come measures will be compared to investigate the rela-
tionships between listener ratings, transcriptions, and a
3054 Journal of Speech, Language, and Hearing Research • Vol. 60 •
speaker’s ability to maintain speech modifications over a
longer period of time.

Summary
In this study, features of a speaker’s baseline speech

—including information about the severity of dysarthria
and acoustic measures of the dysarthric speech signal—
were useful for predicting the speaker’s level of success
in response to different treatment strategies. As expected,
features of the dysarthric speech signal were not able to
account for all the variation observed in speakers’ intelligi-
bility gains. Factors related to the participants’ cognitive
abilities, motivation, and fatigue probably significantly
affected their responses to the speech modification strate-
gies. However, the ability to account for around one-third
of the variance in listeners’ perceptions of their intelligibil-
ity gains has considerable clinical importance. These pre-
liminary data indicate that new assessment methods could
be used to select and group participants for future treat-
ment studies. The ability to specifically target the types of
speakers who are likely to make large intelligibility gains
has the potential to promote much stronger group out-
comes in these studies.

Data from this study also provide the beginnings
of an evidence base for clinical decision making that
can account for a wider variety of presenting dysarthrias.
The assessment protocol used in this investigation can
be applied to any speaker, regardless of the underlying eti-
ology. If more speakers had been added to this analysis,
the models probably would have been able to incorporate
even more baseline speech variables and hence account
for increasingly individualized presentations of dysarthric
speech. These models could provide a pathway to more
individually targeted and adaptive approaches to speech
modification and motor learning in dysarthria therapy.
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Appendix A

Highest Rated Condition by Speaker
Sex Age (years) Medical etiology Severity of disorder Highest rated condition

F 46 Brain tumor Mild–moderate Slow
M 58 Brainstem stroke Moderate Slow
M 56 Cerebellar ataxia Mild Slow
F 69 Cerebral palsy Severe Habitual
M 60 Cerebral palsy Severe Habitual
F 68 Freidreich’s ataxia Mild Slow
F 47 Huntington’s disease Moderate–severe Loud
M 55 Huntington’s disease Severe Slow
M 43 Hydrocephalus Severe Loud
F 53 Multiple sclerosis Mild–moderate Habitual
F 60 Multiple sclerosis Moderate–severe Habitual
F 79 Parkinson’s disease Mild Loud
M 76 Parkinson’s disease Mild Loud
M 77 Parkinson’s disease Mild Loud
M 67 Parkinson’s disease Mild Habitual
F 83 Parkinson’s disease Mild Slow
M 68 Parkinson’s disease Mild Loud
M 89 Parkinson’s disease Mild Loud
M 58 Parkinson’s disease Mild Loud
M 73 Parkinson’s disease Mild Slow
M 79 Parkinson’s disease Mild Loud
M 69 Parkinson’s disease Mild Loud
M 68 Parkinson’s disease Mild Loud
F 70 Parkinson’s disease Mild–moderate Slow
M 67 Parkinson’s disease Mild–moderate Habitual
M 71 Parkinson’s disease Mild–moderate Loud
F 73 Parkinson’s disease Mild–moderate Loud
M 65 Parkinson’s disease Mild–moderate Loud
M 75 Parkinson’s disease Moderate Slow
M 79 Parkinson’s disease Moderate Loud
M 71 Parkinson’s disease Moderate Loud
M 69 Parkinson’s disease Moderate Loud
M 81 Parkinson’s disease Moderate–severe Loud
M 77 Parkinson’s disease Moderate–severe Loud
F 67 Progressive supranuclear palsy Mild Slow
M 64 Spinocerebellar ataxia Severe Loud
M 72 Stroke Severe Habitual
F 48 Traumatic brain injury Mild–moderate Loud
M 55 Traumatic brain injury Mild–moderate Habitual
M 60 Traumatic brain injury Moderate Slow
M 47 Traumatic brain injury Severe Habitual
M 53 Undetermined neurological disease Moderate Habitual
F 45 Wilson’s disease Mild Loud
M 56 Healthy Habitual
M 67 Healthy Habitual
M 70 Healthy Habitual
M 70 Healthy Loud
F 73 Healthy Habitual
M 75 Healthy Habitual
F 80 Healthy Loud

Note. F = female; M = male
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