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Abstract
Objective: This study investigated the impact of an established behavioural dysarthria treatment on acoustic and perceptual
measures of speech in two adults with Down syndrome (DS) and dysarthria to obtain preliminary measures of treatment
effect, effect size and treatment feasibility.
Methods: A single-subject A-B-A experimental design was used to measure the effects of the Lee Silverman Voice treatment
(LSVT�) on speech in two adults with DS and dysarthria. Dependent measures included vocal sound pressure level
(dB SPL), phonatory stability and listener intelligibility scores.
Results: Statistically significant improvements (p50.05) in vocal dB SPL and phonatory stability were present following
treatment in both participants. Speech intelligibility scores improved in one of the two participants.
Conclusions: These data suggest that people with DS and dysarthria can respond positively to intensive speech treatment
such as LSVT. Further investigations are needed to develop speech treatments specific to DS.
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Introduction

Down syndrome (DS) is the most common cause
of intellectual impairment and occurs in �1 in 730
births [1]. It is typically accompanied by muscle
hypotonia and craniofacial abnormalities [2] and
frequently results in communication disorders that
may include language deficits, cognitive impair-
ments and speech disorders [3, 4]. The speech
disorders associated with DS are frequently
described as articulation delays which are develop-
mental in nature [5]. However, accumulating data
suggest the speech disorder in DS may best be
conceptualized as a dysarthria, impairment charac-
terized by slow, weak and/or imprecise muscle
movements. Recent data regarding the auditory-
perceptual speech features of adults and children
with DS have described distributed involvement of
the speech mechanism including the speech pro-
cesses of respiration, phonation, articulation, reso-
nance and prosody [6]. The most commonly
disordered perceptual speech features in connected
speech reported in a study by [7] included speech
naturalness, imprecise consonants, hyponasality,
overall loudness level, prolonged intervals, inap-
propriate silences, irregular vowels, aberrant

oropharyngeal resonance, hoarse voice, reduced
stress, prolonged phonemes, audible inspiration-
expiration and aberrant pitch pattern. Another
study by Lee et al. [8] of nine young adults with
DS between the ages of 17–29 reported that
speakers with Down syndrome exhibited reduced
pitch range and less variation in intonation during
connected speech compared with a control group.
These and other data suggest that at least a
portion of the disordered speech signal in DS is
associated with neuromotor weakness and hypoto-
nia of the speech mechanism.

Studies of parents’ perceptions of the speech of
their children with DS have also identified speech
deficits and decreased intelligibility. Shriberg and
Widder [5] reported that 71–94% of parents with
children 4–21 years with DS identified imprecise
articulation in their children’s speech. In a survey of
937 parents of individuals with DS ranging in age
from birth to over 40, 60% indicated their children
had ‘frequent’ difficulty being understood [9].
Overall, these data indicate that the deviant speech
features associated with DS can have a negative
influence on speech intelligibility, naturalness of
speech and overall communication skills.
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There is little evidence of the effects of speech
treatments for people with DS in the literature, even
though the negative influence of dysarthria on
communication and social participation has been
identified [10]. It is therefore necessary to investigate
behavioural speech interventions for this large pop-
ulation of individuals with communication impair-
ments to maximize communication ability. The
primary purpose of this investigation was to deter-
mine the effects of LSVT� LOUD on speech
performance in two adults with DS and dysarthria
using acoustic measures of vocal dB SPL and
phonatory stability as well as listener perceptions of
intelligibility.

Methods

Study overview

This was a phase I study to determine treatment
effects, magnitude of change if present and treat-
ment feasibility using an A-B-A experimental design
[11]. Dependent measures included vocal dB SPL
during reading, picture description, monologue and
maximal vowel prolongation; acoustic measures of
phonatory stability during maximal vowel prolonga-
tion; and listener intelligibility scores based on
listening to 50 single words read pre- and post-
treatment. Each participant received repeated mea-
sures of the dependent variables under control
conditions during the A phases of the study; four
baseline pre-treatment evaluations were obtained
over 1 week immediately prior to treatment and
again immediately post-treatment to allow for trend
analysis and visual inspection of data [12–15]. The
Lee Silverman Voice Treatment (LSVT�) was
administered over 4 weeks during the B phase of
the study adhering to the LSVT protocol with no
modifications. Baseline and post-treatment data

were obtained by a speech-language pathologist
(SLP) who did not conduct the treatment and no
cues were provided during these evaluation sessions.
This study was reviewed and approved by the
Institutional Review Board at the University of
Rhode Island.

Participants

Two adults with DS (DS01 and DS02) and dysar-
thria completed the study (descriptive data are
provided in Table I). Participant inclusion was
based on a diagnosis of DS, the presence of
dysarthria, the use of verbal communication as the
primary means of communication (using 4–5 word
sentences and the ability to follow one and two-step
directions), and sufficient cognitive-linguistic abili-
ties (including adequate working memory resources)
to participate in treatment. Sub-tests of the Western
Aphasia Battery-Revised [16] were administered to
assess language skills and determine the aphasia
quotient. Sub-tests of the Repeatable Battery for the
Assessment of Neuropsychological Status [17] were
administered to assess cognitive skills. Auditory
perceptual characteristics of the participants were
obtained during a standard clinical motor speech
examination. Inclusion or exclusion was determined
by a speech-language pathologist with over 30 years
of experience in the assessment and treatment of
neurogenic speech disorders in adults (LM).

DS01 was a 34-year-old woman who was born 13
weeks premature and diagnosed with DS at 3 days.
She was hospitalized several times during her first
year of life for under-development and failure to
thrive. A heart murmur was diagnosed at 3 months of
age and she was treated with mitral valve replacement
and a pacemaker. No other significant medical
history was reported. DS01 received early interven-
tion services including speech-language services

Table I. Summary of participant characteristics.

DS01 DS02

Age (years) 34 33
Sex F M
Western Aphasia Battery Aphasia
Quotient (0–100)

76.2 89.9

RBANS; List learning 16/40 16/40
Semantic Fluency (in 1 minute) 5 13
Pre-treatment single word

intelligibility
62.67% 73.33%

Speech characteristics Imprecise consonants and irregu-
lar vowels, decreased loudness,
reduced pitch variation, hyper-
nasality and intermittent
breathy dysphonia

Imprecise consonants and irregu-
lar vowels, decreased loudness,
reduced variation in pitch,
hypernasality and intermittent
breathy voice dysphonia with
breaks in phonation

Dysarthria severity Moderate flaccid dysarthria Mild flaccid dysarthria

Intensive treatment of dysarthria 45
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through 3 years of age. Her mother reported that she
was delayed in her production of speech sounds and
did not begin using single words until after 3 years of
age. She continued to receive services for language
and cognition through the school system until age 21.
After 21, she began attending an interactive day
programme for adults with developmental disabilities
at the Trudeau Center after school and continues to
participate there on a daily basis.

DS01 presented with moderate cognitive-
linguistic deficits. Her speech appeared consistent
with a moderate flaccid dysarthria characterized by
imprecise consonants, irregular vowels, decreased
loudness, reduced pitch variation, hypernasality, an
intermittent breathy vocal quality, decreased speech
intelligibility and decreased speech naturalness.
Speech sound errors were further characterized as
including consonant substitutions, final consonant
deletions and consonant blend simplifications.

DS02 was a 33-year-old man who was diagnosed
with DS at birth following a normal pregnancy and
delivery. He was immediately enrolled in early
intervention services for physical, occupational and
speech therapy. He attended public school from pre-
school through age 21. Speech therapy in the public
schools focused on improving dysfluency and/s/
distortions. He graduated from high school with a
diploma of attendance and began attending a day
programme at the Trudeau Center.

DS02 presented with moderate cognitive-
linguistic deficits. His speech was fluent with
simplified grammatical constructions and reduced
information content. DS02’s speech appeared to
represent a mild flaccid dysarthria characterized by
imprecise consonants, irregular vowels, decreased
loudness, reduced pitch variation, an intermittent
breathy vocal quality with breaks in phonation,
occasional initial sound repetitions, decreased
speech intelligibility and decreased speech natural-
ness. Specific speech sound errors also included
voicing errors and final consonant deletions.

Equipment and recording procedures

Data were obtained in a sound-treated booth. A
head-mounted microphone (Isomax B3 omnidirec-
tional lavaliere microphone, Countryman
Associates, Redwood City, CA) was fitted to the
head with a mouth-to-microphone distance of 8 cm
to obtain an accurate speech signal (48-kHz sam-
pling rate, 16-bit quantization). This signal was
relayed to a pre-amplifier (Universal audio 4110) to
assure quality signal acquisition and then converted
from an analogue to digital signal using a Fireface
converter (model RME ADI-8 DSI). The digitized
acoustic signal was recorded simultaneously to a
computer hard drive and a digital acoustic recording

device (Marantz 661). Speech was recorded using
Adobe Audition 2.1 software and analysed using
standard speech and voice analysis procedures
described previously [18, 19]. A sound level meter
(Radio Shack 33-2055) was mounted on a tripod
and placed 40 cm from the participant’s mouth to
collect intensity data during speech and voice tasks
in real time. Unfortunately, acoustic data collected
in the sound booth during the first baseline evalu-
ation for DS01 could not be used due to a technical
malfunction and are, therefore, not included in the
analyses.

Treatment

LSVT was selected as the treatment approach
because it is a well-defined treatment with extensive
literature demonstrating an improvement of speech
deficits associated with Parkinson’s disease (PD) and
other neurological conditions [19]. LSVT incorpo-
rates principles of motor learning such as intensity of
practice with high repetitions of salient materials that
have been identified as beneficial in the treatment of
motor speech disorders [20] and could benefit
people with DS and dysarthria. LSVT was devel-
oped to treat hypokinetic dysarthria typically associ-
ated with PD with a focus on increasing vocal
loudness, but case studies of people with other
neurological diagnoses and dysarthria have shown a
spreading of effects to other speech production sub-
systems following LSVT. For example, studies of
people with stroke, ataxia, multiple sclerosis, trau-
matic brain injury and Parkinson plus syndromes
suggest that LSVT may have benefits beyond treat-
ment of people diagnosed with PD, including
additional improvements in articulation [21–24].

Another reason that LSVT was selected as our
treatment approach was to target the speech features
identified in the participants. These included impre-
cise consonants, irregular vowels, decreased overall
loudness, aberrant oropharyngeal resonance, hoarse
voice and reduced stress. It was hypothesized that
the spreading of effects from increased loudness and
effort to articulatory precision through training
normal loudness would benefit people with DS and
dysarthria, even though decreased loudness may not
be as impaired for them as it is for people with PD

LSVT uses intensive high effort exercises to
increase vocal loudness to a level that is within
normal limits using healthy and efficient voice
techniques. The dosage intensity is four-times a
week for 4 weeks for a total of 16 individual 1-hour
sessions. The first 30 minutes of each session con-
sisted of three daily tasks: maximum vowel prolon-
gation, pitch range exercises and reading 10
functional phrases, five times each, at individual
target loudness levels. The second half of each
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session included the production of functional speech
tasks in a hierarchical fashion from words and
phrases to conversation over the course of treatment.
The purpose of this hierarchy was to train normal
loudness using material of gradually increasing
length and complexity for generalization to conver-
sation. In addition, daily homework designed to
generalize normal loudness outside the treatment
room was assigned. LSVT and its specific treatment
techniques have been described in detail elsewhere
[18, 25]. Even though the participants demonstrated
a variety of speech deficits secondary to DS includ-
ing imprecise articulation, altered prosody,
decreased coordination of respiration and phonation
and final consonant deletion, the focus of treatment
remained on training normal voice amplitude. Vocal
dB SPL data measured over the course of treatment
are displayed in Table II for DS01 and in Table III
for DS02.

Measurements

Vocal sound pressure level (dB SPL), the acoustic
correlate of loudness [26], was measured during
maximal vowel prolongation, sentence reading,
reading a portion of the Farm Passage [27], picture
description of the picnic scene from the Western
Aphasia Battery-Revised [16] and task description.
Vocal dB SPL of maximal vowel prolongation is a
key treatment variable in LSVT and was selected as a
dependent variable to reflect the most objectively
quantifiable treatment effect correlated with vocal
loudness that would be expected to change following
treatment. Maximal vowel prolongation data were
collected at the end of the evaluation protocol so it
would not act as a cue to increase loudness during
other speech tasks.

Acoustic measures of phonatory stability data were
collected as a measure of the regularity of vocal fold
vibration using the Multidimensional Voice Profile
(MDVP Advanced; CSL 4500). MDVP has been
shown to be reliable for the analysis of neurological
voice [28]. Relative average perturbation (RAP),
pitch perturbation quotient (PPQ) and amplitude
perturbation quotient (APQ) were used as measures
indicative of regularity of vocal fold vibration and,
therefore, phonatory stability. Lower RAP, PPQ and
APQ percentages reflect greater phonatory stability
while increased percentages reflect greater cycle-to-
cycle variability. RAP, PPQ and APQ analyses were
based on 24 tokens of sustained vowel prolongation
pre-treatment and 24 post-treatment; six each from
Pre- and Post-treatment 1, 2, 3 and 4. There were 18
tokens for DS01 because data from Pre 1 were
unavailable for analyses. A stable 3-second sample
from the middle portion of the sustained vowel was
selected for analysis by visual inspection of the
sound signal in MDVP Advanced, avoiding
increased variability at the beginning and end of
the sample.

Listeners unfamiliar with the participants heard a
recording of 50 phonetically balanced single words
[3] read by the participants at the Pre 4 and Post 1
evaluation sessions. Listeners were given a written
list of the target words plus three foils for each word.
They were instructed to circle the word that they
heard or to write in a word if the word they heard
was not represented in the list. Listeners were
instructed that the person speaking might be difficult
to understand and they should write their best guess
if they were uncertain of what the speaker said. The
total number of words accurately identified by the
listeners was used to calculate percentage intelligi-
bility score. Listeners were blinded to the time of the
recordings.

Table II. Vocal dB SPL measured at 40 cm during LSVT treatment tasks for DS01.

Session 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Ah Loud 84 84 88 90 90 87 88 87 86 88 88 89 87 86 89 90
Functional phrases 72 72 74 73 75 75 75 75 77 75 79 79 81 77 79 78
Hierarchy 71 69 73 70 72 72 73 74 73 74 73 73 75 73 72 75
Spontaneous speech 70 65 71 69 71 71 74 73 72 72 73 74 75 73 74 74

Table III. Vocal dB SPL measured at 40 cm during LSVT treatment tasks for DS02.

Session 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Ah Loud 83 83 89 91 87 88 90 91 89 87 90 89 88 85 87 86
Functional phrases 74 74 82 85 82 81 84 83 83 84 83 84 83 81 81 83
Hierarchy 72 72 81 84 83 79 81 76 73 75 79 77 76 75 75 76
Spontaneous speech 74 72 78 77 76 74 76 75 73 74 78 77 75 75 73 76
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Statistical analyses

The aim of the current study was to determine the
effects of treatment on speech in two participants
with DS and dysarthria rather than to generalize
results to the population. Therefore, a single-subject
A-B-A experimental design was chosen that allowed
the examination of the performance of individual
participants in response to treatment [29–36].

Vocal dB SPL data were collected in real time.
Visual inspection of the data was completed for
trend analysis and to determine baseline stability as
well as analyse changes between pre- and post-
treatment [33, 37–40]. A paired-sample t-test was
used to compare pre- and post-treatment data for
individual participants and a comparison of means
pre- and post-treatment was completed to determine
if a difference in mean beyond 1 standard deviation
(SD) existed [24]. Mean vocal dB SPL and SD for
sustained vowel phonation were calculated by aver-
aging 24 pre-treatment sustained vowel phonations
(18 for DS01) and 24 post-treatment vowels. Effect
size was calculated using Cohen’s d to determine the
strength of the effect if present [12, 41–44]. In
addition RAP %, PPQ % and APQ % were obtained
during a 3-second sample of sustained vowel pho-
nation using MDVP Advanced.

Three different individuals listened to the single
word lists for the two participants. Listeners spoke
English as their first language, were between 18–60-
years old, reported normal hearing and did not have
any language, learning or cognitive disabilities per
self-report. Loudness was adjusted to a comfortable
loudness level for each listener and maintained at
that loudness level for the entire list of 50 words.
The listener responses were analysed according to
how many single words were accurate. A total
percentage intelligibility score was calculated to
compare pre- and post-treatment intelligibility.

The SLP who administered the treatment did not
participate in the pre- or post-treatment evaluation
sessions to reduce any potential bias during post-
treatment data collection. The experimenter who
completed analyses of quantitative and qualitative
measures of voice and speech was blind to the
evaluation session during which the dependent
variables were collected to avoid bias in interpreta-
tion of results.

Results

Vocal dB SPL

Visual inspection of mean vocal dB SPL data for
maximal vowel prolongation and speech tasks
revealed increases between pre- and post-treatment
evaluations for both participants with no overlapping

values. DS01 increased loudness during sustained
vowel phonation from 81.81 dB SPL (SD¼ 2.32)
pre-treatment to 87.13 dB SPL (SD¼ 1.12) post-
treatment, an increase of 5.30 dB SPL (p¼0.06).
DS02 increased loudness from 74.64 dB SPL
(SD¼1.09) to 85.75 dB SPL (SD¼ 0.54) post-
treatment, a statistically significant increase of
11.11 dB SPL (p¼ 0.00).

Comfortable loudness for an adult woman is
�70.44 dB SPL (SD¼1.88) [45]. DS01’s average
pre-treatment vocal dB SPL measurements during
all speech tasks were significantly below normal
loudness. Average dB SPL was 65.77 (SD¼ 0.46)
for sentence reading, 67.72 (SD¼0.60) for para-
graph reading, 66.70 (SD¼0.62) for picture
description and 65.87 (SD¼ 1.97) for task descrip-
tion. A paired sample t-test indicated that the
changes in loudness from pre- to post-treatment
were statistically significant (p5 0.05) for sentence
reading and paragraph reading for DS01 and that
the effect sizes were large, 0.98 and 0.80, respec-
tively. Post-treatment increases in dB SPL during
picture description and task description increased by
1 SD. The dB SPL for picture description increased
by 2.4 to 69.10 dB SPL (p¼ 0.06) and by 3.73 to
69.60 dB SPL (p¼ 0.13) for task description.

Comfortable loudness for an adult male is
�74.69 dB SPL (SD¼ 3.08) [45]. DS02’s pre-
treatment loudness for all speech tasks was also
below average normal loudness for an adult male.
Average dB SPL pre-treatment was 66.21
(SD¼1.30) for sentence reading, 65.18 (SD¼
1.56) for paragraph reading, 67.20 (SD¼ 1.32) for
picture description and 66.30 (SD¼1.11) for task
description. Changes in mean vocal dB SPL were
statistically significant (p5 0.05) for all tasks for
DS02 and effect sizes were large (0.88 or greater).
Mean vocal dB SPL increased by greater than 1 SD,
which was considered a significant change [24].
Figures 1–5 illustrate pre- and post-treatment
vocal dB SPL for prolonged vowel phonation and
speech tasks.

Quantitative changes in mean vocal dB SPL
including average dB SPL pre-treatment, average
dB SPL post-treatment, mean difference relative to 1
SD, paired t-test, Cohen’s d and effect size r are
presented in Table IV.

Phonatory stability

Pre- and post-treatment overall means of relative
average perturbation (RAP), pitch perturbation
quotient (PPQ) and amplitude perturbation quo-
tient (APQ) were calculated based on 24 pre- (18 for
DS01) and 24 post-treatment samples of sustained
‘ah’ at a comfortable loudness. DS01 demonstrated
a statistically significant decrease in all three
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Figure 3. Mean vocal dB SPL of paragraph reading across a series of pre- and post-treatment evaluations. The series of four pre-treatment
evaluations was completed immediately prior to initiation of treatment and the four post-treatment evaluations were completed
immediately following treatment and the middle line represents 4 weeks of LSVT.

Figure 1. Mean vocal dB SPL of sustained vowel phonation across a series of pre- and post-treatment evaluations. The series of four pre-
treatment evaluations was completed immediately prior to initiation of treatment and the four post-treatment evaluations were completed
immediately following treatment.

Figure 2. Mean vocal dB SPL of sentence reading across a series of pre- and post-treatment evaluations. The series of four pre-treatment
evaluations was completed immediately prior to initiation of treatment and the four post-treatment evaluations were completed
immediately following treatment and the middle line represents 4 weeks of LSVT.

Intensive treatment of dysarthria 49
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Figure 5. Mean vocal dB SPL of task description across a series of pre- and post-treatment evaluations. The series of four pre-treatment
evaluations was completed immediately prior to initiation of treatment and the four post-treatment evaluations were completed
immediately following treatment and the middle line represents 4 weeks of LSVT.

Figure 4. Mean vocal dB SPL of picture description across a series of pre- and post-treatment evaluations. The series of four pre-treatment
evaluations was completed immediately prior to initiation of treatment and the four post-treatment evaluations were completed
immediately following treatment and the middle line represents 4 weeks of LSVT.

Table IV. Quantitative changes in mean vocal dB SPL; all measurements made at a sound level meter-to-mouth distance of 40 cm.

Average dB
SPL pre (SD)

Average dB
SPL post (SD)

Pre–post mean
difference

Mean D
41 SD t-test Cohen’s d

Effect
size r

Sustained vowel phonation
DS01 81.83 (2.32) 87.13 (1.12) 5.30 dB Yes 0.06 2.90 0.82
DS02 74.64 (1.09) 85.75 (0.54) 11.11 dB Yes 0.00 12.92 0.99

Sentence reading
DS01 65.77 (0.46) 70.20 (0.38) 4.43 dB Yes 0.01 10.50 0.98
DS02 66.21 (1.30) 72.88 (0.90) 6.67 dB Yes 0.01 5.97 0.94

Paragraph reading
DS01 67.72 (0.60) 70.18 (1.14) 2.46 dB Yes 0.03 2.70 0.80
DS02 65.18 (1.56) 72.68 (0.92) 7.50 dB Yes 0.01 5.86 0.94

Picture description
DS01 66.70 (0.62) 69.10 (0.49) 2.40 dB Yes 0.06 4.29 0.90
DS02 67.20 (1.32) 71.60 (1.02) 4.40 dB Yes 0.02 3.73 0.88

Task description
DS01 65.87(1.97) 69.60 (0.62) 3.73 dB Yes 0.13 2.55 0.79
DS02 66.30 (1.11) 70.03 (1.00) 3.73 dB Yes 0.01 3.53 0.87
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measures (p5 0.05), with a change in pre- to post-
treatment means greater than 1 SD and a moderate
effect size; 0.63 for RAP, 0.59 for PPQ and 0.67 for
APQ. DS02 demonstrated a statistically significant
decrease in RAP (p¼ 0.00), PPQ (p¼0.00) and
APQ (p¼ 0.026). The effect sizes for RAP, PPQ and
APQ were 0.51, 0.59 and 0.33, respectively. The
pre- and post-treatment means for RAP, PPQ and
APQ for both participants are reported in Table V.

Listener scores of intelligibility

Three different listeners completed a single word
intelligibility listening task of the pre- and post-
treatment recordings for a total of six listeners for
each participant. The same listener did not rate pre-
and post-treatment samples for the same participant.
An average of the three ratings was calculated and
the types of articulation errors were counted pre- and
post-treatment. DS01’s mean intelligibility score was
62.67% (SD¼ 4.16) pre-treatment and 67.33%
(SD¼ 5.03) post-treatment reflecting an increase
of 4.67% following treatment. This change was not
statistically significant (p¼0.465). The majority of
articulation errors pre-treatment consisted of vowel
errors, final consonant deletion and consonant
substitution errors. The total number of vowel
errors decreased from 15 pre-treatment to six post-
treatment while there was minimal change in other
categories of sound errors. DS02’s intelligibility
score increased from 73.3% (SD¼ 3.06) pre-
treatment to 91.3% (SD¼1.15) post-treatment, an
increase of 18.0%. This increase was statistically
significant (p¼ 0.016) and the effect size was large
(0.96). The majority of articulation errors pre-treat-
ment consisted of vowel errors and consonant
substitutions. The total number of vowel errors
decreased from 17 to three. Consonant substitutions

decreased from 10 pre-treatment to seven post-
treatment. There were also decreases in voice/
voiceless errors (8 to 1) and in final consonant
deletions (4 to 1) post-treatment. Table VI presents
a comparison of pre- and post-treatment averages of
listener ratings, results of paired sample t-test,
Cohen’s d and effect size r.

Discussion

This study examined the effects of LSVT on acoustic
and perceptual aspects of speech in two adults with
DS and dysarthria to obtain preliminary measures of
treatment activity, effect size and determine treat-
ment feasibility. LSVT appeared to be a feasible
treatment with robust effects sizes. Both participants
had statistically significant increases in vocal dB SPL
and acoustic measures of phonatory stability (i.e.
RAP, PPQ and APQ percentages) following treat-
ment, although listener perceptions of speech intel-
ligibility were improved in only one of two. This
finding highlights the complexity of the relationship
between acoustic variables and speech intelligibility
and the challenge in finding tools to measure the
clinical and personal significance of treatment [46,
47]. Additionally, many perceptual speech features
continued to persist including final consonant dele-
tions, voicing errors, imprecise consonants, conso-
nant substitutions, aberrant prosody and decreased
speech naturalness following LSVT.

This study examined the impact of LSVT on
speech characteristics of two adults with DS, a
neurological disorder present from birth. LSVT was
chosen because previous studies have demonstrated
a positive impact on articulation in addition to
increased loudness [23, 24]. However, the previous
studies reported treatment outcomes of adults with

Table V. Results of MDVP variables from sustained vowel phonation for DS01 and DS02.

Measure Pre Avg/Post Avg (SD) MDVP Norm t-test Mean D4 1 SD Cohen’s d Effect size r

DS01 RAP% 0.79 (0.35)/0.39 (0.28) 0.378 0.00 Yes 1.61 0.63
PPQ% 0.79 (0.42)/0.36 (0.25) 0.366 0.00 Yes 1.45 0.59
APQ% 2.82 (0.76)/1.56 (0.61) 1.397 0.00 Yes 1.83 0.67

DS02 RAP% 0.35 (0.21)/0.16 (0.05) 0.345 0.00 No 1.20 0.51
PPQ% 0.66 (0.16)/0.18 (0.05) 0.338 0.00 Yes 1.46 0.59
APQ% 1.78 (1.47)/1.03 (0.25) 1.986 0.026 No 0.71 0.33

RAP, Relative Average Perturbation; PPQ, Pitch Perturbation Quotient; APQ, Amplitude Perturbation Quotient.

Table VI. Results of three listener ratings of intelligibility for DS01 and DS02.

Pre-treatment %
intelligibility

Post-treatment %
intelligibility Paired t-test Cohen’s d

Effect
size r

DS01 62.67 (4.16) 67.33 (5.03) 0.465 1.00 0.45
DS02 73.33 (3.06) 91.33 (1.15) 0.016 7.78 0.96
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acquired neurological disorders, while adults with
DS have a congenital neurological disorder that
affects speech motor performance throughout their
lives. Therefore, treatment of dysarthria in adults
with DS may be significantly different from adults
with acquired dysarthria who experience changes in
established speech motor skills [48]. It is probable
that people with DS and dysarthria have distinctive
enough differences in the underlying pathophysiol-
ogy of their dysarthria that they warrant a treatment
uniquely designed for them. The cognitive-linguistic
deficits that accompany DS are not typically present
in the population of people with PD for whom LSVT
was developed. This may have influenced measures
of dB SPL obtained during the post-treatment
evaluations for the participants with DS in the
current study. For example, improved loudness on
familiar materials that were frequently used in
treatment was better than with unfamiliar materials
such as those used during the evaluations. DS01’s
average loudness during sentence reading averaged
78.5 (SD¼ 1.85) dB SPL over four treatment
sessions during the last week of treatment compared
with 70.20 (SD¼ 0.38) dB SPL during reading of
unfamiliar sentences during the post-treatment eval-
uations. This was also true for DS02 who averaged
82.23 (SD¼1.34) dB SPL during sentence reading
in the last week of treatment compared with an
average of 72.88 (SD¼0.90) dB SPL over the
evaluation sessions.

Conclusion and directions for future

research

Individuals with DS comprise the largest population
of people with intellectual impairment. Dysarthria is
frequently present, as are intellectual and language
impairments that can interfere with functional com-
munication and social participation. This prelimi-
nary study identified changes in acoustic measures of
loudness and phonatory stability following LSVT,
indicative of a treatment effect. However, the impact
on intelligibility varied between the two participants.
Further investigations are needed to examine the
impact of multiple treatment approaches that incor-
porate principles of motor learning, on characteris-
tics of dysarthria and the potential for improving
functional communication of people with DS. A
comparison of the impact of treatments on speech
features with distinctly different and more inclusive
targets than amplitude alone should also be con-
ducted with participants who demonstrate different
dysarthria severities. Since treatment of dysarthria
for people with DS is habilitative rather than
rehabilitative, a treatment of longer duration than 4
weeks should be studied. Additional measures of

respiration and articulation should be added to
evaluate the impact of treatment on multiple
speech productions systems. Finally, it is recom-
mended that additional evaluations at 6 months
following treatment be added to provide information
about the robustness of the treatment effect over
time and to evaluate the impact on social
participation.
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