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Abstract 
Purpose: This study examined the effects of Speech Intelligibility Treatment (SIT) on 

intelligibility and naturalness of narrative speech produced by francophone children with 
dysarthria due to cerebral palsy (CP).  

Method: Ten francophone children with dysarthria were randomized to one of two   
treatments, Speech Intelligibility Treatment or Hand-arm Bimanual Intensive Therapy Including 
Lower Extremities, a physical therapy (PT) treatment. Both treatments were conducted in a camp 
setting and were comparable in dosage. The children were recorded pre- and post-treatment 
producing a story narrative. Intelligibility was measured by means of 60 blinded listeners’ 
orthographic transcription accuracy (percentage of words transcribed correctly). The listeners 
also rated the children’s naturalness on a visual analogue scale.              

Results: A significant pre- to post-treatment increase in intelligibility was found for the 
SIT group, but not for the PT group, with great individual variability observed among the 
children. No significant changes were found for naturalness ratings or sound pressure level in the 
SIT group or the PT group post-treatment. Articulation rate increased in both treatment groups, 
although not differentially across treatments.  

Conclusion: Findings from this first treatment study on intelligibility in francophone 
children with dysarthria suggest that SIT shows promise for increasing narrative intelligibility in 
this population. Acoustic contributors to the increased intelligibility remain to be explored 
further. 
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Introduction 
Cerebral palsy (CP) is the most common motor disability in children and is estimated to 

occur in 1.5-4 per 1,000 live births worldwide (Centers for Disease Control and Prevention, 
2018). The motor speech disorder of dysarthria is frequently associated with CP (Schölderle et 
al., 2016), with prevalence data reported ranging from 21% to 90% (Nordberg et al., 2013; Mei 
et al., 2014).  
 Dysarthria in CP is characterized by decreased consonantal and vocalic contrasts (Ansel 
& Kent, 1992; Coleman & Meyers, 1991; Kim et al., 2011; Platt, Andrews, & Howie, 1980), 
reduced prosodic control (Patel, 2002, 2003, 2004), reduced breath support (Redstone, 2004), 
decreased speaking rate (Allison & Hustad, 2018; Darling-White, Sakash, & Hustad, 2018), and 
atypical resonance (Allison & Hustad, 2018). Concomitant with these physiological and acoustic 
variables, decreased speech intelligibility is a prominent characteristic of dysarthria (Darley et 
al., 1969). Intelligibility refers to the extent to which the acoustic signal produced by a speaker 
can be decoded by a listener (Kent et al., 1989; Hustad et al., 2012; Yorkston & Beukelman, 
1980) and is therefore crucial for communication, social participation, and quality of life 
(Walshe & Miller, 2011).  
 Speech intelligibility in children with dysarthria due to CP is reduced compared to that of 
typically-developing children (Braza et al., 2019; Hustad et al., 2010; Hustad et al., 2012) and of 
children with CP with no speech motor impairment (Hustad et al., 2020). Moreover, 
intelligibility in children with CP with no speech motor deficits is also reduced compared to that 
of typically developing children (Hustad et al., 2019). Decreased intelligibility not only hinders 
social participation, but it has also been reported to impact school success (Dickinson et al., 
2007). The importance of intelligibility in children with dysarthria, therefore, cannot be 
overestimated.  
 Intelligibility in this population has been studied at the single word level, as well as in 
repeated phrases (e.g., Hustad et al., 2012; Pennington et al., 2013) and in connected speech in 
response to simple questions (Pennington et al., 2013). However, these methods do not provide a 
full representation of how children communicate on a daily basis. In narrative language tasks, 
children are typically asked to compose or retell a story (Danahy Ebert & Scott, 2014), 
allowing the examiner to gain insight into how children use language in real-world situations 
(Costanza-Smith, 2010; Danahy Ebert & Scott, 2014). Despite the stronger ecological 
validity of narrative intelligibility (compared to words in isolation or repeated phrases, for 
example), very little is known about how speech treatment may lead to improvements in this 
construct.  

In an increasingly globalized world, evidence-based speech treatment research in 
languages other than English is surprisingly lacking, especially in the area of motor speech 
disorders (Miller et al., 2014). French is spoken by 68.5 million speakers across 51 countries and 
is one of the 20 most spoken languages in the world (Lewis et al.2013). To our knowledge, no 
published studies have examined the effects of any treatment program on the intelligibility or 
acoustic speech characteristics of francophone children with dysarthria. Consequently, speech-
language pathologists (SLPs) in this language community do not have evidence-based guidelines 
by which to tailor their treatments for French-speaking children’s communication. Thus, 
conducting treatment research with this population is essential to establishing a scientific 
foundation for their treatment.  
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Cueing and treatment studies on dysarthria in CP 
Recently, a speech cueing study on eight American English (AE) speaking children with 

dysarthria secondary to CP found increases in the children’s vocal intensity, speech duration and 
intelligibility when the children were cued to “speak with a big mouth” or “speak with a strong 
voice” (Levy et al., 2017). These cues are aimed to increase articulatory excursion and vocal 
intensity, respectively.  

Little is known about the speech characteristics of French speakers with dysarthria, and 
even less about the possible acoustic and perceptual consequences of speech treatment for this 
population. From a physiological perspective, it could be assumed that a cue targeting increased 
vocal intensity would elicit the same changes in any language, i.e., increased sound pressure 
level (SPL). Consistent with the notion of cross-linguistic changes due to dysarthria, vowel space 
has been reported to be reduced in speakers with dysarthria from various language backgrounds 
(e.g., Baumann et al., 2018), including French (Martel Sauvageau et al., 2015). In a study on 
Quebec French speakers with Parkinson’s disease, vowel space area expanded after intensive 
speech treatment targeting increased vocal intensity (Martel Sauvageau et al., 2015), paralleling 
findings from English studies (e.g., Sapir et al., 2007). It is possible then that speech treatment 
might also result in vowel space expansion in other populations with motor speech impairments, 
such as children with CP. Findings such as these could point towards a possible universal benefit 
of treatments that promote louder and clearer speech.  

How such benefits would translate into intelligibility gains across languages is subject to 
further exploration and may be mediated by language-specific constraints. For example, Levy, 
Moya-Galé, Chang, Campanelli et al. (2020) hypothesized that words at the end of sentences 
might be most likely to show intelligibility gains in dysarthria in French speakers, given the 
stress patterns in this language. In the first cueing study examining the effects of global cues in 
francophone children with dysarthria, Levy, Moya-Galé, Chang, Campanelli et al. (2020) found 
that cues aimed to increase articulatory excursion and vocal intensity show promise for 
improving ease of understanding of the children’s words, although improvements might be 
modest. Specifically, increased listener visual analogue scale (VAS) ratings of ease of 
understanding at the word level were found when the children were cued to speak with their 
grande bouche [‘big mouth’] or grosse voix [‘strong voice’], consistent with the AE cueing 
study. Both cues also elicited increased SPLs and word duration, as well as higher first-formant 
frequencies for select vowels measured, suggesting a lower tongue position. In response to the 
“big mouth” cue, sentence duration increased. However, no significant increases in transcription 
accuracy at the word level or ease of understanding at the sentence level were observed, 
suggesting that the children with dysarthria may require more intensive practice to achieve 
significant motor changes. The children’s diverse responses to the cues suggest that a 
combination of such cues may benefit francophone children with dysarthria.  

In speech cueing studies, investigators provide global cues to participants during data 
collection and examine changes in the participants’ immediate communication. Treatment 
research, in contrast, examines changes as a result of a longer-term intervention. In speech 
treatment studies, speakers are not cued to modify their speech during data collection.  

Treatment research is sparse in children with dysarthria. However, promising results have 
been found for American English-speaking children with dysarthria in response to global speech 
treatments, such as the Lee Silverman voice treatment (LSVT LOUD®; Fox & Boliek, 2012) and 
Speech Intelligibility Treatment (SIT; Levy, 2014, 2018; Levy et al., in press), which focus on 
one or two cues or instructions (e.g., “speak loud” or “speak with your big mouth and strong 
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voice”). Positive results have also been reported for more traditional multi-system treatments, 
such as the speech systems approach (e.g., Pennington et al., 2010). A brief overview of findings 
from these treatment approaches is provided below. 

 
Treatment Studies on English-Speakers With Dysarthria Due to CP 
 

Speech Systems Approach 
The speech systems approach (Pennington et al., 2010; Pennington et al., 2006; Yorkston 

et al., 1999) targets increased breath support and phonation and decreased speech rate. This 
approach has revealed positive results for children with dysarthria. The premise of this approach 
is that dysarthria affects not only articulation (Strand, 1995) but also the respiratory and 
phonatory subsystems, which should therefore also be addressed in treatment. Recent studies 
focusing on a speech systems approach have explored improving intelligibility and 
communicative participation in younger children with dysarthria in traditional settings 
(Pennington et al., 2013) as well as via teletherapy (Pennington et al., 2019). Overall, significant 
gains in intelligibility were observed, but results also revealed the variability in performance in 
these children. Acoustic consequences of speech systems treatment in older children with 
dysarthria have also been examined; however, only changes in vocal intensity at the single word 
level and decreased fundamental frequency during connected speech were associated with 
previously reported intelligibility gains (Pennington et al., 2018).  

 
Lee Silverman Voice Treatment (LSVT LOUD) 
LSVT LOUD is an intensive speech treatment that utilizes a single focus on healthy vocal 

loudness to improve vocal function and was originally designed for individuals with hypokinetic 
dysarthria secondary to Parkinson's disease (PD; Ramig et al., 1994; Ramig et al., 2001). 
Throughout the decades, LSVT LOUD has been implemented with various other populations, 
including adults with multiple sclerosis (Sapir et al., 2001), cerebellar dysfunction (Sapir et al., 
2003), stroke (Mahler & Ramig, 2012) or down syndrome (Mahler & Jones, 2012), and children 
with CP (Boliek & Fox, 2017; Fox & Boliek, 2012). In a multiple baseline single subject study, 
Fox and Boliek (2012) investigated the effects of this treatment on perceptual and acoustic voice 
characteristics of four children with spastic CP. Results from seven raters indicated increased 
listener preference for post-treatment speech samples for vocal intensity, voice quality and pitch 
variability, with minimal changes observed in the acoustic measures analyzed, such as SPL and 
fundamental frequency (F0) range. Furthermore, in a Phase I small group pre-to-post treatment 
design with three children with CP, Levy et al. (2013) compared a systems-based approach to 
LSVT LOUD. The systems-based approach focused on respiration-phonation coordination, 
posture, speech clarity, and regulation of speech and vocal intensity. Results indicated similar 
post-treatment improvements in listeners’ ease of understanding of the children’s speech in both 
groups, although only the children who received LSVT LOUD increased vocal intensity post-
treatment. Similar results were found in a Phase I treatment validation study with seven children 
with CP who received LSVT LOUD and seven neurotypical controls (Boliek & Fox, 2017). This 
study included acoustic measures of vocal fold vibration (i.e., jitter and shimmer), which 
decreased significantly post-treatment, suggesting positive physiological changes in the children 
with CP after treatment. No objective measure of intelligibility (i.e., transcription accuracy), 
however, was provided in these studies.  
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Speech Intelligibility Treatment (SIT) 
Based on the literature on the benefits of global speech cues in dysarthria (Fox & Boliek, 

2012; Levy et al., 2017; Tjaden & Wilding, 2004), Speech Intelligibility Treatment (SIT; Levy, 
2014, 2018; Levy et al., in press) was developed specifically for children with dysarthria due to 
CP. SIT is a dual-focus treatment approach that aims to increase intelligibility by targeting 
increased articulatory working space and vocal intensity. This treatment follows a camp format, 
in which intensive speech treatment is delivered for 6.5 hours daily, five days a week for three 
weeks, plus 15 minutes of homework daily. During treatment, children are instructed to produce 
speech in a variety of linguistic tasks using their “big mouth" and "strong voice.” In a recent 
treatment study on the effects of SIT on intelligibility and communicative participation in 17 
children with dysarthria, Levy et al. (in press) found that intelligibility of narrative speech, as 
measured by ease of understanding ratings, improved significantly following treatment, with 
gains maintained at six-week follow-up. Additionally, a statistically significant improvement was 
found in all but one of the categories of communicative participation assessed immediately post-
treatment and at a six-week follow-up. Despite the variability observed among the children with 
dysarthria, these results provide preliminary evidence of beneficial effects of SIT for improving 
intelligibility and overall communication in AE-speaking children with dysarthria. However, to 
our knowledge, no research has yet examined treatment-related changes in the speech of 
francophone children with dysarthria. 

The present study investigated the effects of SIT on the narrative intelligibility of 
francophone children with dysarthria due to CP. We also investigated the effects of the treatment 
on two acoustic variables associated with the cues implemented in SIT (i.e., "big mouth" and 
“strong voice"), SPL and articulation rate. It was hypothesized that children receiving this 
intensive speech treatment would increase their intelligibility during narrative speech and that 
this increase would be accompanied by increased vocal intensity and reduced articulation rate. 
 The hypothesis of increased intelligibility was based on the intelligibility gains yielded 
when (French- and English-speaking) children with CP were cued to speak with a “big mouth” 
or “strong voice” (Levy et al., 2017; Levy, Moya-Galé, Chang, Campanelli et al., 2020), as well 
as when English-speaking children were trained in the speech systems treatment approach 
(Pennington et al., 2013) or LSVT LOUD (Boliek & Fox, 2017). Vocal intensity also increased 
when children with dysarthria were trained in LSVT LOUD (Boliek & Fox, 2014) or cued to 
speak with a “big mouth” or “strong voice” (Levy et al., 2017; Levy, Moya-Galé, Chang, 
Campanelli et al., 2020). Decreased articulatory rate was expected based on increased utterance 
duration found by Levy and her colleagues when (French- and English-speaking) children with 
dysarthria were cued to speak with their “big mouth” (Levy et al., 2017; Levy-Moya-Galé et al., 
2020). Rate reduction may stem from the longer time required to reach targets in an expanded 
articulatory space, as has been found in studies of clear speech (Bradlow et al., 2003; Lam et al., 
2012; Lam & Tjaden, 2016). 

 Naturalness was a secondary variable of interest in the study. Naturalness can be 
operationalized as the degree to which speech “conforms to the listener’s standards of rate, 
rhythm, intonation, stress patterning, and …to the syntactic structure of the utterance being 
produced” (Yorkston et al., 1999, p. 464). Perception of naturalness has been negatively 
correlated with the psychoacoustic variable of monopitch (Anand & Stepp, 2015). Prosody-based 
treatment approaches have been traditionally perceived as promising strategies for improving 
naturalness (Liss, 2007). It was expected that SIT, with its “strong voice” cue, might have a 
positive effect on perceived naturalness. Typical vocal intensity is a component of natural-
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sounding speech (Patel et al., 2011), and increasing vocal intensity has been observed to yield 
benefits beyond SPL, such as increased pitch variation. Boliek and Fox (2014) found a positive 
effect on pitch variation at the sentence level following LSVT LOUD in a single case study of a 
child with dysarthria due to CP. While the improved pitch variation could be attributed, at least 
in part, to the pitch gliding exercises in the LSVT LOUD protocol, greater pitch variation as a 
result of simply following cues to speak loud has also been documented in healthy adults (e.g., 
Dromey & Ramig, 1998; Patel & Schell, 2008; Watson & Hughes, 2006) and in adults with 
dysarthria secondary to PD and multiple sclerosis (Tjaden & Wilding, 2011). Thus, the greater 
intensity elicited by the “strong voice” cue might be accompanied by greater pitch variation and 
therefore, naturalness. Because naturalness has barely been explored in treatment studies with 
children with dysarthria and CP, however, our hypothesis regarding this secondary outcome 
variable was guarded. 

To the authors' knowledge, this is the first speech treatment study on French-speaking 
children with dysarthria. Additionally, it is the first dysarthria treatment study to include an 
active treatment comparator matched on all variables except the treatment target of speech. 

 
Methods 
This study was approved by the Institutional Review Boards at Teachers College, 

Columbia University, in New York City, at the Université Catholique de Louvain and the 
Université de Liège, in Belgium. 

 
Children with dysarthria 
 Ten Belgian-French speaking children with dysarthria secondary to CP (six males and 
four females) participated in this study. Recruitment occurred in outpatient clinics that 
specialized in CP and through a local rehabilitation foundation website 
(https://sites.google.com/site/intensiverehabfoundation/). Seven children had a medical diagnosis 
of spastic quadriplegia and three, of dyskinetic quadriplegia. Motor abilities were assessed by a 
physical or occupational therapist. The children’s speech was evaluated by three licensed SLPs, 
who determined presence, characteristics and severity of dysarthria via consensus based on 
clinical signs of motor speech deficits perceived auditorily and/or visually (Fox & Boliek, 2012; 
Levy et al., 2017; McAuliffe et al., 2014). In order to be included in the study, children had to 
have speech as their primary mode of communication, be identified as having speech that was 
"difficult to understand" by their parents and/or teachers, pass a bilateral pure tone hearing 
screening at 20dB HL for 500, 1000, 2000 and 4000Hz, and be able to follow clinicians' 
directions (Fox & Boliek, 2012). Additionally, the children’s parents had to be willing to enroll 
their children in the randomized controlled trial. Nine of the ten children in this study also 
participated in Levy, Moya-Galé, Chang, Campanelli et al.’s (2020) cueing study; however, the 
tasks, stimuli, and timeline differed between the two studies. In the present investigation, for 
example, treatment was conducted, post-tests were performed, and speech cues were not 
provided during testing.   
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The children’s characteristics are presented in Table 1 below. 

Child Age Sex Diagnosis GMFCS Dysarthria 
Severity 

Perceptual 
Impression 

Treatment 
Group 

CPF1  4;11 F Spastic 
quadriplegia 

IV Moderate Increased vocal 
intensity, moderate 

hypernasality, 
imprecise articulation, 
several phonological 

processes 

 
PT 

CPF2 5;1 M Spastic 
quadriplegia 

III Mild Breathy voice quality, 
mild hypernasality, 

imprecise articulation 

 
SIT 

CPF3 7;1 M Dyskinetic 
quadriplegia 

III Mild-moderate Reduced vocal 
intensity, mild 

hypernasality, slow 
rate, inconsistently 

imprecise articulation, 
prosodic 

abnormalities (breaths 
within 

utterances) 

 
 

SIT 

CPF4 8;9 M Spastic 
quadriplegia 

III-IV Severe Strained vocal quality, 
very imprecise 

articulation, consonant 
deletion 

SIT 

CPF5 9 M  
Spastic 

quadriplegia 

IV  
Moderate-
moderately 

severe 

 
Reduced vocal 

intensity, imprecise 
articulation, strained 

vocal quality 
 

 
PT 

CPF6 9;5 M Dyskinetic 
quadriplegia 

III Mild Monotone, slow rate, 
imprecise 

articulation 

PT 

CPF7 11;1 F Dyskinetic 
quadriplegia 

IV Moderate-severe Reduced intensity, 
breathy voice quality, 

slow rate, 
inconsistently 

imprecise 
articulation, prosodic 

abnormalities 
(breaths within 
utterances and 

syllabification of 
words) 

 
 
 

SIT 

CPF8 11;1 M Spastic 
quadriplegia 

IV Mild Moderately fast rate PT 
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Procedure 

This study took place within the environment of a summer camp program conducted in 
Parc Parmentier, a park in Brussels, Belgium, dedicated to activities fostering the development of 
youth from disadvantaged backgrounds. Children with dysarthria were recorded engaging in a 
variety of speech tasks pre-treatment and immediately post-treatment. The current study reports 
on their production of a story narrative, which was elicited with sequence picture cards. (Other 
speech measures were also collected, but not analyzed for this study.) Testing took place in a 
quiet room, which was a dormitory room transformed into a recording space by the 
experimenters. This room was in a separate building from the treatment space. The testing was 
conducted by a local SLP graduate student, blinded to the children’s treatment conditions, so as 
to maximize experimental control and reduce bias.  

 
Treatment Protocols: Speech Intelligibility Treatment and Physical Therapy 

The 10 children with dysarthria were randomized into either SIT or the Hand-arm 
Bimanual Intensive Therapy Including Lower Extremities (Bleyenheuft & Gordon, 2014; 
henceforth referred to as physical therapy or PT), which served as an active treatment 
comparator. The treatment groups were matched in terms of service delivery model (group and 
individual therapy provided in camp format) and intensive treatment dosage, as treatment was 
provided for 6.5 hours a day for 15 days over three weeks. SIT targets increased articulatory 
working space and vocal intensity by means of child-friendly cues aimed at increasing 
intelligibility. During speech treatment, children were instructed to speak with their grande 
bouche [‘big mouth’] and grosse voix [‘strong voice’] in a variety of tasks that increased in 
linguistic complexity and cognitive processing demands over time. Individual and group 
activities were designed by the graduate clinicians and tailored to the children’s interests, 
eliciting as much speech output as possible. Breaks during treatment were provided as needed. A 
summary of the protocol is provided in Levy et al. (in press). 

The PT treatment consisted of intensive training that included postural control and upper 
and lower extremity (hand-arm and leg) function. The full protocol can be found in Bleyenheuft 
and Gordon (2014). All children who were enrolled in the current study completed their 
treatment program, with none lost to follow-up. 

 
Speech Stimuli 

The stimuli described here are a subset of a larger battery of stimuli used to examine 
speech production of francophone children with dysarthria secondary to CP. Recording 
procedures are described in Levy, Moya-Galé Chang, Campanelli et al. (2020). In short, children 
wore an EMW Omnidirectional Lavalier microphone that was taped to their forehead and was 
secured with a headband. Stimuli were obtained using a ZOOM H4n digital recorder and 
microphone-to-mouth distance was consistently maintained at 8cm across children. Calibration 

CPF9 12;3 F Spastic 
quadriplegia 

IV Moderate-
moderately 

severe 

Strained vocal quality, 
monotone pitch, 

imprecise articulation 

SIT 

CPF10 16;2 F Spastic 
quadriplegia 

III Mild Reduced intensity, 
breathy voice quality 

PT 

Note. Perceptual impressions were determined by three experienced speech-language 
pathologists. GMFCS = Gross Motor Function Classification System; M = male; F = female; SIT 
= Speech Intelligibility Treatment; PT = physical therapy 
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was conducted at the beginning and end of each recording session to ensure the SPL level during 
presentation of the speech stimuli to listeners was representative of the child’s vocal intensity 
(Fox & Boliek, 2012; Levy et al., 2017; Ramig et al. 2001; Švec & Granqvist, 2018). Children 
were instructed to narrate a set of seven pictures depicting an age-appropriate story. Verbal 
prompts were provided if the child appeared to be off task or fatigued. If extraneous noise 
occurred during the recording, the child was prompted to repeat the utterance. Breaks were 
provided as needed. 
 In order to prepare the stimuli for the perceptual tasks, two francophone graduate 
research assistants, who were SLP students, selected three pre-treatment and three post-treatment 
utterances from the story narrative. Utterances selected were the first three semantically and 
grammatically correct sentences produced by each child in each session. The number of 
words pre-to-post treatment was not significantly different within or across treatment groups 
(mean = 15.4, SD = 5.86 at pre-test and mean = 16.6, SD = 4.83 at post-test for SIT group; mean 
= 19.6, SD = 7.09 at pre-test and mean = 23.4 , SD = 9.71 at post-test for PT group). These 
utterances were subsequently orthographically transcribed by the experimenters and compared 
for inter-scorer reliability (Gordon-Brannan & Hodson, 2000; Kwiatkowski & Shriberg, 1992). 
Discrepancies (approximately 4% of the stimuli) were discussed with the first and last authors 
and reanalyzed to reach a consensus.  
 
Listeners 
 Sixty Belgian French-speaking neurotypical adults (32 men, 28 women; average age = 25 
years; range = 18-52 years) participated in the intelligibility and naturalness assessment task. 
These listeners were different from those described in Levy, Moya-Galé, Chang, Campanelli et 
al. (2020). They were recruited from the Liège area in Belgium and passed a bilateral pure-tone 
hearing screening at 25dB HL 500, 1000, 2000 and 4000 Hz (American National Standards 
Institute, 2004). Listeners reported no history of speech or language problems and no prior 
experience with motor speech disorders. Listeners were paid 15 euros for their participation. 
 
Intelligibility and naturalness assessment:  

Listeners completed two perceptual tasks free-field on an HP Pavilion laptop computer 
using custom-developed software (Chang & Chang, 2015) programmed in MATLAB (Version 
R2018b, The MathWorks, Inc., 2015). Listeners were seated by a desk with the laptop on it. 
They were instructed to sit comfortably and not to lean towards the stereo loudspeakers 
(Logitech Z150), which were directly connected to the laptop. A distance of 85 cm was 
maintained between listeners and the loudspeakers to represent an average distance between 
conversational partners (Hall, 1966). The experiment took approximately 30 minutes to 
complete.  

A familiarization task was completed preceding both tasks. Listeners were presented with 
three utterances produced by a child with dysarthria who was not part of the study. For each 
utterance, listeners were instructed to write down word for word what they heard (sentence 
transcription task). Next, they were instructed to rate the naturalness of the same utterance on a 
VAS (naturalness rating task) from 0-100 with anchors 0 = pas du tout naturelle [‘not at all 
natural’] and 100 = très naturelle [‘very natural’] before they were presented with the next 
utterance. In order to avoid familiarity effects, listeners always completed the sentence 
transcription task first (Borrie, McAuliffe, & Liss, 2012). Listeners were able to ask any 
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clarification questions before the beginning of the test. None of the listeners requested a break 
during completion of the perceptual tasks.   
Sentence transcription and naturalness ratings tasks  

In the sentence transcription task, listeners heard a total of 60 utterances from the story 
narratives produced by the children with dysarthria (3 utterances per data collection point x 10 
speakers). Presentation of utterances was randomized and blocked by child in order to minimize 
order effects. Pre- and post-treatment utterances within-child were randomized, as well.  For 
each utterance, listeners were instructed to write down what they heard to the best of their ability 
and then to rate the utterance for naturalness on the VAS. Utterances were only played once in 
order to avoid learning effects (Wilson, Bell, & Koslowski, 2003).  

 
Data Analysis 
 
Perceptual and Acoustic Analysis 

Transcription accuracy, considered an objective measure of intelligibility (Hustad, 2006), 
was calculated as percentage of words correctly transcribed. Orthographic transcriptions were 
considered correct if words matched the target exactly or if differences were due to homonyms 
or obvious misspellings (Cannito et al., 2012; Hustad, 2007; Levy, Moya-Galé, Chang, Freeman, 
et al., 2020). Mean naturalness ratings were calculated from the VAS responses. 

Two acoustic variables were examined across all narrative utterances: SPL and 
articulation rate. These measures were chosen as they correspond to acoustic changes expected in 
SIT, i.e., increased vocal intensity and decreased speech rate (Levy et al., 2017; Levy, Moya-
Galé, Chang, Campanelli et al., 2020), and have been widely reported in the literature on loud 
and clear speech (Smiljanić, & Bradlow, 2009; Tjaden et al., 2014; Tjaden & Wilding, 2004). 
Utterances were manually analyzed by two graduate research assistants using Praat software 
(Boersma & Weenink, 2006). Standard criteria for acoustic measurements were used to establish 
onset and offset (Klatt, 1975; Levy & Law, 2010). Because input levels were not changed during 
the recording sessions, vocal intensity was extracted by measuring average SPL in each utterance 
using both the wideband spectrogram and waveform from the software. Pauses of greater than 
0.150s were removed for SPL and articulation rate analysis (Robb et al., 2004). Pause and 
sentence durations were measured in seconds (Darling-White et al., 2018). 

 
Reliability 
 Inter-rater reliability for transcription accuracy (TA) and naturalness (NA) outcomes was 
calculated using intraclass correlations for correspondence via a two-way random effects 
approach treating listeners as random. Because the average rating was of interest, we present 
estimates for both a single listener and the average of 60 listeners; that is, ICC (2,1) and ICC 
(2,60) (cf., Shrout & Fleiss, 1979). For transcription accuracy, the ICC for a single listener was 
.87, while for the average of 60 listeners, it was >.99. For naturalness ratings, the ICC for a 
single listener was .25, while for the average of 60 listeners, it was .95. That is, single listeners 
were very reliable when transcribing but not reliable when rating naturalness. Averaging over all 
60 raters, however, both transcription accuracy and naturalness ratings were quite reliable. 
 A second judge randomly selected and reanalyzed 20% of the data in order to evaluate 
the reliability of the acoustic findings (Levy et al., 2017).  Cronbach’s α for the acoustic 
measures was estimated to be 0.95. 
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Statistical Analysis  
 
Perceptual Analysis 
 Mixed-effects regression models were fit with crossed random effects for Listener and 
Child. The data were organized in long format to allow the PRE/POST time factor, the PT/SIT 
treatment factor, and their two-way interaction to be included as fixed effects in the regression 
models. Separate models were run for both primary perceptual outcomes: transcription accuracy 
and naturalness ratings. As an example, transcription accuracy (TA) is modeled as 

𝑇𝐴!"# = 𝛽$ + 𝛽%𝑇𝐼𝑀𝐸!"# + 𝛽&𝑆𝐼𝑇!"# + 𝛽'(𝑇𝐼𝑀𝐸 ∗ 𝑆𝐼𝑇)!"# + 𝑢$" + 𝑢$# + 𝜖!"# 
where 𝑇𝐴!"# is the TA for sample i from participant j as rated by listener k at time 𝑇𝐼𝑀𝐸!"#, 
𝑢$"~𝑁(0, 𝜏$&) and 𝑢$#~𝑁(0, 𝜏%&) are normally distributed random intercepts for Child and 
Listener, respectively, 𝜖!"#~𝑁(0, 𝜎&) is residual error, and the random effects are modeled as 
mutually independent. 

The mixed effects models formulated as above are essentially generalizations of the 
random effects ANOVA model with the advantage that the mixed-effects regression approach 
can accommodate missing data and potentially unbalanced data sets without requiring listwise 
deletion of cases.   

 
Acoustic Analysis 

The assessment of sound pressure level (SPL) and articulation did not involve the set of 
60 listeners; however, three utterances per child were recorded (i.e., children’s data were 
repeatedly measured). Thus, for the acoustic analyses, a random intercept for Child (but not for 
Listener) was included in the mixed-effects regression model, which was otherwise formulated 
as described above. 
 
Results 
 
Transcription accuracy and naturalness ratings 

Table 2 shows descriptive statistics of mean and SD for TA and naturalness ratings. 
Table 3 shows results from the mixed effects model fits. For TA, estimates of variance 
components reveal that child-to-child variability explains about 81% of total variance in 
transcription accuracy, listener-to-listener variability contributes only about 2%, and the 
remaining 17% is residual variation that cannot be explained by either Child or Listener. Fixed 
effects results for transcription accuracy show a significant treatment x time interaction  (𝛽5' =
12.4; 𝑝 < .001). That is, the average pre-to-post gain in transcription accuracy in the SIT arm is 
about 12 points higher than in the PT arm. The significant coefficient for the TIME main effect 
(𝛽5% = −9.4; 𝑝 < .001), suggests that for those assigned to the PT arm (i.e., SIT = 0), the average 
TA decreased by approximately 9 points from pretest to post-test. Thus, the differential (pre-to-
post) average change in TA of approximately 12 points was driven both by losses in the PT arm 
and by gains in the SIT arm; see Figure 1 for boxplots of the pre-to-post gain scores, stratified by 
participant and treatment group.  
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Figure 1. Individual speakers’ gain score difference for transcription accuracy in Speech 
Intelligibility Treatment (SIT) and physical therapy (PT) groups. 

 
For naturalness we find no evidence of a treatment effect in either direction (𝛽5' =

1.64; 𝑝 = .41). This finding may be verified by visual inspection of Figure 2, which shows 
boxplots of difference scores for the naturalness outcome; note that the profiles are nearly 
identical across treatment conditions. The significant coefficient for the main effect of the 
treatment (𝛽5& = −11.99; 𝑝 = .04), suggests that the baseline naturalness score for the SIT group 
was, on average, about 12 points lower than for the PT group. This finding is consistent with the 
analogous coefficient for the transcription accuracy outcome (𝛽5& = −22.7; 𝑝 = .24), which 
shows that the SIT group scored about 23 points lower than the PT group, on average, at pretest. 
Despite randomized assignment to treatment arms, chance baseline imbalances such as these are 
not uncommon when the sample sizes are very small. By focusing on the test of the coefficient 
on the time by treatment interaction, our analyses focus on gain scores, rather than absolute 
scores, which inherently control for baseline imbalance on the outcome. 
 
 
Table 2. Transcription accuracy (TA) and naturalness ratings for the Speech Intelligibility 
Treatment (SIT) and Physical Therapy (PT) groups at two timepoints  
 

Condition Variable PRE 
Mean (SD) 

POST 
Mean (SD) 

SIT 
Transcription Accuracy  48.82 (33.38) 51.83 (35.74) 

Naturalness Ratings  44.91 (24.74) 46.06 (26.33) 

PT 
Transcription Accuracy  71.54 (28.04) 62.32 (31.62) 

Naturalness Ratings  56.89 (23.47) 56.41 (23.22) 
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Table 3. Results from the mixed effects model for transcription accuracy and naturalness 
 

Outcome  Transcription Accuracy  Naturalness 
Fixed Effects  Coeff (SE) p-val  Coeff (SE) p-val 
Intercept  71.54 (13.02) <.001  56.89 (4.22) <.001 
SIT  -22.72 (18.40) .24  -11.99 (5.26) .04 
Time  -9.39 (1.09) <.001  -0.48 (1.41) .73 
SIT x Time  12.41 (1.54) <.001  1.64 (1.99) .41 
Variance Components       
𝜎& (residual)  177.91   240.82  
𝜏$& (child ID)   843.37   64.17  
𝜏%& (listener ID)  16.69   296.64  

 
 
Figure 2. Individual speakers’ gain score difference for naturalness ratings in Speech 
Intelligibility Treatment (SIT) and physical therapy (PT) groups. 

 
Figures illustrating raw scores in TA and naturalness can be found as Supplemental 

Materials. 
 

SPL and articulation rate 
 Table 4 shows the descriptive statistics (mean and SD) for SPL (dB) and articulation rate 
(syllables/second). Table 5 shows results from the mixed effects model fits. For SPL, after 
controlling for the fixed effects, Child accounted for about 46% of residual variation in sound 
pressure level. The treatment by time interaction was not significant for the SPL outcome (p = 
.79), indicating lack of evidence for differential change in SPL across treatment groups from 
baseline to post-test. The main effects for time and treatment were not significant. 
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Table 4. Average sound pressure level (SPL) in dB and articulation rate in syllables/second for 
the Speech Intelligibility Treatment (SIT) and Physical Therapy (PT) groups at two timepoints  

Condition Variable PRE 
Mean (SD) 

POST 
Mean (SD) 

SIT 
SPL  
 60.61 (7.91) 58.25 (4.66) 

Articulation rate  2.32 (.36) 2.48 (.43) 

PT 
SPL  
 

60.74 (8.20) 59.03 (5.69) 

Articulation rate  2.76 (.64) 3.17 (.53) 
    

Note: SPL was measured 8cm from the children’s mouth 
 
 
Table 5. Results from the mixed model effects for sound pressure level (SPL) and articulation 
rate 
 

Outcome  Sound Pressure 
Level 

 Articulation Rate 
1 

 Articulation Rate 
2 

Fixed Effects  Coeff (SE) p-val  Coeff (SE) p-val  Coeff (SE) p-val 
Intercept  60.74 (2.35) <.001  2.81 (0.18) <.001  2.85 (0.17) <.001 
SIT  -0.13 (3.32) .97  -0.64 (0.25) .02  -0.73 

(0.22) 
.008 

Time  -1.71 (1.75) .34  0.37 (0.16) .03  0.29 (0.12) .02 
SIT x Time  -0.65 (2.48) .79  -0.17 (0.23) .48    
Variance Components          
𝜎& (residual)  23.10   0.20   0.20  
𝜏$& (child ID)   19.81   0.09   0.09  

 
For articulation rate, about 31% of residual variability was due to Child. The treatment by 

time interaction was not significant for the articulation rate outcome either (p = .48); however, 
main effects for treatment and time were significant in this model. In a follow-up model, run 
without the treatment by time interaction, the main effect for time and treatment were both 
significant, indicating (a) that the SIT group had a lower articulation rate at baseline (𝛽5& =
−0.73; 𝑝 = .008), and (b) that both groups increased their articulation rate over time on average 
(𝛽5% = 0.29; 𝑝 = .02). There was no evidence of a differential effect over time based on 
treatment group assignment. 
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Discussion 

Speech treatment research on children with dysarthria due to CP is sparse, especially on 
those who speak languages other than English (Miller & Lowit, 2014). This is the first study to 
explore perceptual and acoustic effects of intensive speech treatment in francophone children 
with dysarthria. To the authors’ knowledge, it is also the first study to examine treatment-related 
changes in narrative intelligibility in this linguistic population. Our findings indicate a positive 
impact of SIT on intelligibility in French-speaking children with dysarthria. These results are 
compared to previously-reported findings on related populations and clinical considerations 
across languages are discussed. 

 
Intelligibility and naturalness changes 
Intelligibility changes as a result of intensive speech treatment have been reported in the 

literature on English-speaking children with dysarthria due to CP (Levy et al., in press; 
Pennington et al., 2006; Pennington et al., 2010; Pennington et al., 2013). Our findings from 
blinded listeners’ (n = 60) transcription accuracy scores parallel results from Levy et al.’s (in 
press) SIT study of American English-speaking children with dysarthria, who also showed 
significant gains in intelligibility, as measured by VAS ratings of ease of understanding, for 
narrative speech post-treatment. Of note, narrative language samples present with strong 
ecological validity, as they provide insight into how children use language in real-world 
situations (Costanza-Smith, 2010; Danahy Ebert & Scott, 2014). Although our results are 
preliminary and involve a small number of children, findings from the French and English SIT 
studies provide encouraging evidence for the ability of children with dysarthria to improve their 
speech intelligibility in a relatively demanding and naturalistic task.  

The results from the present study extend Levy, Moya-Galé, Chang, Campanelli et al.’s 
(2020) findings on the use of the speech cues “big mouth” and “strong voice” with French 
speaking children with CP. In that study, improvements in VAS ratings were found at the word 
level but not at the sentence level. Word-level TA did not improve significantly in response to 
either cue. In our current treatment study, TA increased significantly at the sentence level after 
three weeks of SIT. Unlike in cueing studies, the children in the present treatment study were not 
provided cues during data collection: thus, the recordings may better represent the children’s 
actual speech performance. It is possible that practicing the techniques during the three weeks of 
treatment increased the children’s ability and stamina to make speech adjustments during 
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narrative speech, thereby yielding greater changes. That is, the children may have increased their 
speech motor control through the intensive speech treatment that implements select motor 
learning principles and fosters task-dependent neuroplasticity (Kleim & Jones, 2008). The 
reasons for the decrease in TA scores for the children in the PT group remain open to 
speculation, but it is possible that the PT camp led to greater physical fatigue, resulting in a 
reduction in intelligibility (Hodge, 2013). The mean difference in TA across groups from pre to 
post was approximately 12%. This indicates that, on average, although the accuracy for those in 
the SIT group increased by only approximately 3%, the accuracy for those in the PT group, 
which served as the randomized counterfactual in the present study, decreased by about 9%. 
Thus, it is plausible that in the absence of SIT, those in the SIT group would have regressed to 
the level of the PT group. This might have been due to fatiguing effects of the three-week camp, 
as suggested above. However, these results suggest that speech treatment also had positive 
effects in improving intelligibility. Treatment effects on the intelligibility of speakers with 
dysarthria have been documented reporting a wide range of values for the gains (Stipancic et al., 
2018), with some studies reporting statistically significant increases in intelligibility scores of 
4% post-treatment (Cannito et al., 2012). Three of the five children in the SIT group in our study 
evidenced moderate dysarthria, while a fourth presented with a severe motor speech disorder. An 
increase in their narrative intelligibility, therefore, suggests a potential benefit from intensive 
speech treatment for this population. Replication of this and similar studies will be helpful in 
specifying the extent of treatment gains and clinical relevance.  

 Improvements in naturalness were not observed in either group in the present study, 
suggesting that speech naturalness may not be enhanced by this intelligibility-focused treatment. 
Moreover, this result may not be unexpected if we take into account that treatment approaches 
targeting prosody may best promote changes in naturalness (Liss, 2007; Scott & Caird, 1983). 
SIT, with its dual focus, aims at increasing not only vocal intensity, a component of prosody, but 
also articulatory working space. The vocal parameters that contribute to changes in naturalness 
remain to be further explored.  

Considerable speaker variability was observed in intelligibility and naturalness in both 
the SIT and PT groups. Individual differences in performance of children with dysarthria have 
been widely reported (Fox & Boliek, 2012; Levy et al, 2017), which may speak to the diverse 
representation of motor deficits in this population. The more severe speech motor deficits 
observed in the SIT group likely account for the more limited, albeit significant, increase in 
intelligibility post-treatment. Our results also suggest an independent relationship between 
intelligibility and naturalness when we consider individual data. For example, CPF4, the child 
with the most severe dysarthria in the SIT group, obtained a score of 4% in TA post-treatment 
whilst his naturalness rating averaged 39%. A trade-off between intelligibility and naturalness 
has been reported in the literature on dysarthric speech (Patel et al., 2013). In particular, it is 
thought that perceived naturalness may be dependent on suprasegmental information (e.g., 
intonational contour; Patel & Schell, 2008; Vojtech et al., 2019). It is then possible that the 
listeners in our study perceived prosodic improvements in the child with severe dysarthria even if 
those gains did not achieve an increase of intelligibility.   

 
Acoustic changes  
 SPL did not change significantly post-treatment for either SIT or PT, contrary to our 
hypothesis of increased SPL resulting from intensive speech treatment. This finding, however, is 
in line with other treatment research studies that have focused on increasing vocal intensity. For 
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example, in Fox and Boliek’s (2012) LSVT LOUD study, vocal SPL in repeated utterances did 
not increase significantly for most of the children with dysarthria in their sample. The authors 
speculate that inclusion of the entire speech envelope in the SPL measure could have captured 
“whispered” elements (Fox & Boliek, 2012), as might also have been the case here. Our results 
are also consistent with Levy et al.’s (in press) finding of no significant increase in SPL post SIT. 
It should be noted that the neuromuscular limitations experienced by children with CP may 
impact the extent to which potential treatment gains in vocal intensity may be generalized to 
everyday communication (Fox & Boliek, 2012). Our findings, however, are not consistent with 
some previously reported studies in which SPL increased either as a result of intensive speech 
treatment (Boliek & Fox, 2017) or of stimulability cues (Levy et al., 2017; Levy, Moya-Galé, 
Chang, Campanelli et al., 2020).  
 One of the cues in SIT, “big mouth” is an adaptation of techniques for eliciting clear 
speech (Bradlow et al., 2003) and most closely resembles cues to enunciate and overenunciate, 
typically reported in the literature on Parkinson’s disease (Lam & Tjaden, 2013; Ramig et al., 
2015). It was expected that articulation rate would decrease after treatment, as is found with clear 
speech (Bradlow et al., 2003), given the increased time required to reach targets in an expanded 
articulatory space (Bradlow et al., 2003; Lam et al., 2012; Lam & Tjaden, 2016). Instead, and 
contrary to our initial hypothesis, findings in the current study indicated an increase in 
articulation rate for both groups post-treatment. However, this change was not found to be due to 
a particular treatment. Although rate control modifications involving a reduced articulation rate 
have been prototypically reported in the literature as techniques to improve intelligibility in 
speakers with dysarthria (e.g., Turner et al., 1995), some studies have reported opposite results 
(Van Nuffelen et al., 2009) or gains limited to only those children with a more moderate-severe 
motor impairment (Sakash et al., 2019). Our findings indicate that both groups of children spoke 
faster after three weeks of treatment. These results parallel those in Levy et al.’s (in press) SIT 
study of 17 English-speaking children with dysarthria. Replication of these studies is needed to 
elucidate the role of articulation rate as it relates to intelligibility in children with dysarthria. 

The acoustic results of the current study, as well as those reported in Levy et al. (in 
press), suggest that the significant increase in intelligibility in the SIT group may be accounted 
for by variables beyond SPL and articulation rate.  

 
Strengths and limitations 
 This first speech treatment study conducted with francophone children with dysarthria 
secondary to CP was rigorously designed. For example, the study included an active comparator 
treatment, which followed the same treatment delivery model (in a camp format) and intensive 
dosage as the SIT group. The significant gains in narrative intelligibility observed in the SIT 
group, but not in the PT group, can therefore be directly associated with the intensive speech 
treatment rather than with the social aspect of the camp. An additional strength in our study 
design was the control for bias. Testing took place in a separate building from the treatment 
space. Furthermore, testers were blinded to treatment conditions and listeners for the perceptual 
tasks had no prior experience with or exposure to motor speech disorders and were also blinded 
to the study conditions. Additionally, speech recording methodology permitted the children’s 
original SPL to be captured in their utterances (Švec & Granqvist, 2018) and be subsequently 
presented to blinded listeners (n= 60). Lastly, the use of a story narrative strengthened the 
ecological validity of the study, as this type of task may represent how children use speech in 
their daily lives (Costanza-Smith, 2010; Danahy Ebert & Scott, 2014). A limitation to the use 
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of the narrative task, however, was the loss of some experimental control, such as which 
particular words would be produced by the children. Moreover, although articulation rate was 
utilized as an indirect measure of the “big mouth” cue during the narrative task, a more direct 
observation of the effects of this cue on articulatory working space would have been changes in 
the first (F1) and second (F2) formants of selected vowels (Levy et al., 2017; Levy, Moya-Galé, 
Chang, Campanelli et al., 2020). Variable results for formant changes resulting from this cue 
have been reported in both cueing (Levy et al., 2017) and treatment studies (Levy et al., in press). 
Hence, the effects of the “big mouth” cue on spectral characteristics of vowels remain to be 
further examined. Future studies should also investigate potential language specific treatment-
related changes, such as duration and pitch prominence of the stressed syllable of an utterance 
(Duez, 2014), and their relationship with intelligibility. 
 A further limitation in this study was the small sample size in each treatment group. Our 
results, although promising, can therefore be considered only preliminary. Replication of this 
study with a larger sample size is needed to confirm these results and strengthen the study’s 
external validity.  
 
Conclusion and Future Directions 

Findings from this study, together with findings from examinations of English-speakers 
with dysarthria, inform our speech-treatment research on English- and French-speaking 
monolinguals and bilinguals and provide preliminary support for the use of SIT to improve 
intelligibility in the francophone population. Predictors of improved intelligibility and 
naturalness changes beyond SPL and articulation rate remain a subject for further analysis.  
 
 
 
Acknowledgements 
 Our heartfelt thanks to the children and their families, as well as to Joséphine Ancelle, 
Marie-Claude Bergeron, Yanick Bleyenheuft, Ernest Chang, Younghwa Michelle Chang, 
Andrew Gordon, Sandrine Harrison, Bethany Hetrick, Eunice Hong, Sabrina Kalin Martínez, and 
Maud le Gall. Special thanks to Andrea MacLeod, who provided administrative support and 
contributed to the initial brainstorming of ideas for the study, and Christelle Maillart, who 
assisted with administrative support and initial brainstorming, clinician recruitment and 
supervision, and data collection. 

This project was supported by Teachers College, Columbia University, through a Global 
Investment Fund and a Dean’s Competitive Grant for Faculty Research (awarded to Erika S. 
Levy) 
  
 
 
 
 
 
 
 
 
 



20 

 
References 
Allison, K., M., & Hustad, K. C. (2018). Data-driven classification of dysarthria profiles in 

children with cerebral palsy. Journal of Speech, Language, and Hearing Research, 61, 
2837–2853. 

American National Standards Institute. (2004). Specifications for audiometers (ANSI S.36-
2004). New York, NY: Author. 

Anand, S. & Stepp, C. E. (2015). Listener perception of monopitch, naturalness, and 
intelligibility for speakers with Parkinson's disease. Journal of Speech, Language, and 
Hearing Research, 58, 1134-1144.  

Ansel, B. M., & Kent, R. (1992). Acoustic-phonetic contrasts and intelligibility in the dysarthria 
associated with mixed cerebral palsy. Journal of Speech and Hearing Research, 35, 296-
309. 

Baumann, A., Nebel, A., Granert, O., Giehl, K., Wolff, S., Schmidt, W., Baasch, C., Schmidt, G., 
Witt, K., Deuschl, G., Hartwigsen, G., Zeuner, K. E., & van Eimeren, T. (2018). Neural 
Correlates of Hypokinetic Dysarthria and Mechanisms of Effective Voice Treatment in 
Parkinson Disease. Neurorehabilitation and Neural Repair, 32, 1055-1066.  

Bleyenheuft, Y., & Gordon, A. M. (2014). Hand-arm bimanual intensive therapy including lower 
extremities (HABIT-ILE) for children with cerebral palsy. Physical & Occupational 
Therapy in Pediatrics, 34, 390-403. 

Boersma, P., & Weenink, D. (2006). Praat: Doing phonetics by computer (Version 4.4.11) 
[Computer software]. Retrieved from http://www.fon.hum.uva.nl/praat/  

Boliek, C. A., & Fox, C. M. (2014). Individual and environmental contributions to 
treatment outcomes following a neuroplasticity-principled speech treatment 
(LSVT LOUD) in children with dysarthria secondary to cerebral palsy: A case 
study review. International Journal of Speech-Language Pathology, 16, 372-
385.   

Boliek, C. A., & Fox, C. M. (2017). Therapeutic effects of intensive voice treatment (LSVT 
LOUD®) for children with spastic cerebral palsy and dysarthria: A phase I treatment 
validation study. International Journal of Speech-Language Pathology, 19, 601-615. 

Borrie, S. A., McAuliffe, M. J., & Liss, J. M. (2012). Perceptual learning of dysarthric speech: A 
review of experimental studies. Journal of Speech, Language, and Hearing Research, 55, 
290–305. 

Bradlow, A. R., Kraus, N., & Hayes, E. (2003). Speaking clearly for children with learning 
disabilities. Journal of Speech, Language, and Hearing Research, 46, 80-97. 

Braza, M. D., Sakash, A., Natzke, P., & Hustad, K. C. (2019). Longitudinal change in speech 
rate and intelligibility between 5 and 7 years in children with cerebral palsy. American 
Journal of Speech-Language Pathology, 28, 1139-1151. 

Cannito, M. P., Suiter, D. M., Beverly, D., Chorna, L., Wolf, T, & Pfeiffer, R. M. (2012). 
Sentence intelligibility before and after voice treatment in spealers with idiopathic 
Parkinson's disease. Journal of Voice, 26, 214-219. 

Centers for Disease Control and Prevention (2018). Data & Statistics for Cerebral Palsy. 
Retrieved from https://www.cdc.gov/ncbddd/cp/data.html. 

Chang, E. W., & Chang, Y. M. (2015). Word Transcription VAS & Sentence VAS (Version 1.0) 
[Computer software]. Contact authors for retrieval information. 

Cohen, J. (1992). A power primer. Psychological bulletin, 112(1), 155-159. 



21 

Coleman, C. & Meyers, L. (1991). Computer recognition of the speech of adults with cerebral 
palsy and dysarthria. Augmentative and Alternative Communication, 7, 34-42. 

Conover, W. J., & Kemp, K. E. (1976). Comparisons of the asymptotic efficiencies of two 
sample tests for discrete distributions. Communications in Statistics-Theory and Methods, 
5(1), 1-15. 

Costanza-Smith, A.  (2010). The clinical utility of language samples. Perspectives on 
Language Learning and Education, 17, 9-15.  

Danahy Ebert, K., & Scott, C. M. (2014). Relationships between narrative language 
samples and norm-referenced test scores in language assessments of school-age 
children. Language, Speech, and Hearing Services in Schools, 45, 337-350. 

Darley, F. L., Aronson, A. E., & Brown, J. R. (1969). Clusters of deviant speech dimensions in 
the dysarthrias. Journal of Speech and Hearing Research, 12, 462–496. 

Darling-White, M., Sakash, A., & Hustad, K. C. (2018). Characteristics of speech rate in children 
with cerebral palsy: A longitudinal study. Journal of Speech, Language, and Hearing 
Research, 61, 2502–2515. 

Denny, M., Denieffe, S., & Pajnkihar, M. (2017). Using a Non-Equivalent Control Group 
Design in Educational Research. SAGE Publications Ltd. 

Dickinson, H. O., Parkinson, K. N., Ravens-Sieberer, G., Schirripa, G., Thyen, U., Arnaud, C., 
… Colver, A. F. (2007). Self-reported quality of life of 8–12 year old children 
with cerebral palsy: A cross-sectional European study. The Lancet, 369, 2171-
2178.   

Dromey C, & Ramig L, O. (1998). Intentional changes in sound pressure level and rate: their 
impact on measures of respiration, phonation, and articulation. Journal of Speech, 
Language, and Hearing Research, 41, 1003–1018. 

Duez, D. (2014). Some segmental and prosodic aspects of motor speech disorders in 
French. In N. Miller & A. Lowit (Eds.), Motor Speech Disorders: A Cross-
Language Perspective (pp. 168-194). Multilingual Matters. 

Fox, C. M., & Boliek, C. A. (2012). Intensive Voice Treatment (LSVT LOUD) for children with 
spastic cerebral palsy and dysarthria. Journal of Speech, Language, and Hearing 
Research, 55, 930-945. 

Gordon-Brannan, M., & Hodson, B. W. (2000). Intelligibility/severity measurements of 
prekindergarten children’s speech. American Journal of Speech-Language Pathology, 9, 
141-150. 

Hall, E.T. (1966). The Hidden Dimension. New York, USA: Doubleday.   
Hodge, M. M. (2013). Intervention for complex speech (sound) disorders: Children with cerebral 

palsy. American Speech-Language-Hearing Association Convention, Chicago, IL. 
Hustad, K. C. (2006). Estimating the intelligibility of speakers with dysarthria. Folia Phoniatrica 

et Logopaedica, 58, 217–228. https://doi.org/10.1159/000091735 
Hustad, K. C. (2007). Contribution of two sources of listener knowledge to intelligibility of 

speakers with cerebral palsy. Journal of Speech, Language, and Hearing Research, 50, 
1228-1240. 

Hustad, K. C., Gorton, K., & Lee, J. (2010). Classification of speech and language profiles in 4-
year-old children with cerebral palsy: A prospective preliminary study. Journal of 
Speech, Language, and Hearing Research, 53, 1496–1513. 

Hustad, K. C., Mahr, T. J., Broman, A. T., & Rathouz, P. J. (2020). Longitudinal Growth in 
single-word intelligibility among children with cerebral palsy from 24 to 96 months of 



22 

age: Effects of speech-language profile group membership on outcomes. Journal of 
Speech, Language, and Hearing Research, 63, 32-48. 

Hustad, K. C., Sakash, A., Broman, A. T., & Rathouz, P. J. (2019). Differentiating typical from 
atypical speech production in 5-year-old children with cerebral palsy: A comparative 
analysis. American Journal of Speech-Language Pathology, 28, 807–817. 

Hustad, K. C., Schueler, B., Schultz, L., & DuHadway, C. (2012). Intelligibility of 4-year-old 
children with and without cerebral palsy. Journal of Speech, Language, and Hearing 
Research, 55, 1177–1189. 

Kent, R., Kent J., Weismer, G., Martin, R., Sufit, R., Brooks, B., & Rosenbek, J. C. (1989). 
Relationships between speech intelligibility and the slope of second formant transitions in 
dysarthric subjects. Clinical Linguistics & Phonetics, 3, 347-358. 

Kim, H., Hasegawa-Johnson, M., & Perlman, A. (2011). Vowel contrast and speech 
intelligibility in dysarthria. Folia Phoniatrica et Logopaedica, 63, 187-194. 

Klatt, D. H. (1975). Voice onset time, frication, and aspiration in word-initial consonant clusters. 
Journal of Speech, Language, and Hearing Research, 18, 686–706. 

Kleim, J. A., & Jones, T. A. (2008). Principles of experience-dependent neural plasticity: 
implications for rehabilitation after brain damage. Journal of Speech, Language, and 
Hearing Research, 51, 225-239. 

Kwiatkowski, J., & Shriberg, L. D. (1992). Intelligibility assessment in developmental 
phonological disorders: Accuracy of caregiver gloss. Journal of Speech, Language, and 
Hearing Research, 35, 1095-1104. 

Lam, J., & Tjaden, K. (2016). Clear speech variants: An acoustic study in Parkinson’s disease. 
Journal of Speech, Language, and Hearing Research, 59, 631–646.  

Lam, J., Tjaden, K., & Wilding, G. (2012). Acoustics of clear speech: Effect of 
instruction. Journal of Speech, Language, and Hearing Research, 55, 1807-
1821. 

Levy, E. S. (2014). Implementing two treatment approaches to childhood dysarthria. 
International Journal of Speech-Language Pathology, 16, 344-354. 

Levy, E. S. (2018).  Implementing Speech Intelligibility Treatment for children with dysarthria. 
American Speech, Language and Hearing Annual Convention, Boston, MA. 

Levy, E. S., Chang, Y. M., Ancelle, J., & McAuliffe, M. (2017). Acoustic and perceptual 
consequences of speech cues for children with dysarthria. Journal of Speech, Language, 
and Hearing Research, 60, 1766-1779.  

Levy, E. S., Chang, Y. M., Hwang, K. H., & McAuliffe, M. J. (in press). Perceptual and acoustic 
effects of dual-focus speech treatment in children with dysarthria. Journal of Speech, 
Language, and Hearing Research. 

Levy, E. S., & Law, F. F., II. (2010). Production of French vowels by American-English learners 
of French: Language experience, consonantal context, and the perception-production 
relationship. The Journal of the Acoustical Society of America, 128, 1290–1305. 

Levy, E. S., Moya-Galé, G., Chang, Y.-M., Campanelli, L., MacLeod, A. A. N., Escorial, S., & 
Maillart, C. (2020). Effects of speech cues in French-speaking children with dysarthria. 
International Journal of Language & Communication Disorders, 55, 401-416.  

Levy, E. S., Moya-Galé, G., Chang, Y. M., Freeman, K., Forrest, K., Brin, M. F. & Ramig, L. A. 
(2020). The effects of intensive speech treatment on intelligibility in Parkinson’s disease: 
a randomised controlled trial (RCT). The Lancet’s EClinicalMedicine, 24, 1-11. 



23 

Levy, E. S., Ramig, L. O., & Camarata, S. M. (2013). The effects of two speech interventions on 
speech function in pediatric dysarthria.  Journal of Medical Speech-Language Pathology, 
20, 82-87. 

Lewis, M. P., Simons, G. F., & Fennig, C. D. (2013) Ethnologue: Languages of the World 
(17thed.). Dallas, TX: SIL International. [online] (available at: 
http://www.ethnologue.com) 

Liss, J. (2007). The role of speech perception in motor speech disorders. In G. Weismer (Ed.), 
Motor speech disorders (pp. 187–219). San Diego, CA: Plural.  

Mahler, L. A., & Jones, H. N. (2012). Intensive treatment of dysarthria in two adults with Down 
syndrome. Developmental Neurorehabilitation, 15, 44-53. 

Mahler, L. A., & Ramig, L. O. (2012). Intensive treatment of dysarthria secondary to stroke. 
Clinical Linguistics and Phonetics, 26,681–694. 

Martel Sauvageau, V., Roy, J-P., Langlois, M., & Macoir, J. (2015). Impact of the LSVT on 
vowel articulation and coarticulation in Parkinson’s disease. Clinical Linguistics & 
Phonetics, 29, 1-17. 

McAuliffe, M. J., Kerr, S. E., Gibson, E. M. R., Anderson, T., & LaShell, P. J. (2014). 
Cognitive-perceptual examination of remediation approaches to hypokinetic dysarthria. 
Journal of Speech, Language, and Hearing Research, 57, 1268–1283. 

Mei, C., Reilly, S., Reddihough, D., Mensah, F., & Morgan, A. (2014). Motor speech 
impairment, activity, and participation in children with cerebral palsy. International 
Journal of Speech- Language Pathology, 16, 427–435.  

Miller, N., Lowit, A., & Kuschmann, A. (2014). Introduction: Cross-language perspectives on 
motor speech disorders. In N. Miller & A. Lowit (Eds.), Motor Speech Disorders. A 
cross-language perspective. Communication disorders across languages (pp. 7-28). 
Multilingual Matters. 

Moya-Galé, G., Goudarzi, A., Bayés, A., McAuliffe, M., Bulté, B., & Levy, E. (2018). The 
effects of intensive speech treatment on conversational intelligibility in Spanish speakers 
with Parkinson’s disease. American Journal of Speech-Language Pathology, 27, 154-
165. 

Nordberg, A., Miniscalco, C., Lohmander, A., & Himmelmann, K. (2013). Speech problems 
affect more than one in two children with cerebral palsy: Swedish population-based 
study. Acta Paediatrica, 102, 161–166. 

Pardo, A., & San Martín, R. (2010). Análisis de datos en ciencias sociales y de la salud II (2º 
ed.). Síntesis. 

Patel, R. (2002). Phonatory control in adults with cerebral palsy and severe dysarthria. 
Augmentative and Alternative Communication, 18, 2–10.  

Patel, R. (2003). Acoustic characteristics of the question–statement contrast in severe dysarthria 
due to cerebral palsy. Journal of Speech, Language, and Hearing Research, 46, 1401–
1415.  

Patel, R. (2004). The acoustics of contrastive prosody in adults with cerebral palsy. Journal of 
Medical Speech-Language Pathology, 12, 189–193.  

Patel, R., Connaghan, K. P., & Campellone, P. J. (2013). The effect of rate reduction on 
signaling prosodic contrasts in dysarthria. Folia Phoniatrica et Logopaedica, 
65, 109-116.  



24 

Patel, R., Niziolek, A., Reilly, K., & Guenther, F. H. (2011). Prosodic adaptations to pitch 
perturbation in running speech. Journal of Speech, Language, and Hearing Research, 54, 
1051-1059. 

Patel, R., & Schell, K. W. (2008). The influence of linguistic content on the Lombard effect. 
Journal of Speech, Language, and Hearing Research, 51, 209–220. 

Pennington, L., Lombardo, E., Steen, N., & Miller, N. (2018). Acoustic changes in the speech of 
children with cerebral palsy following an intensive program of dysarthria therapy. 
International Journal of Language & Communication Disorders, 53, 182–195. 

Pennington, L., Miller, N., Robson, S., & Steen, N. (2010). Intensive speech and language 
therapy for older children with cerebral palsy: a systems approach. Developmental 
Medicine & Child Neurology, 52, 337-344. 

Pennington, L., Roelant, E., Thompson, V., Robson, S., Steen, N., & Miller, N. (2013). Intensive 
dysarthria therapy for younger children with cerebral palsy. Developmental Medicine and 
Child Neurology, 55, 464–471. 

Pennington, L., Smallman, C. E., Farrier, F. (2006). Intensive dysarthria therapy for older 
children with cerebral palsy: findings from six cases. Child Language Teaching and 
Therapy, 22, 255–73. 

Pennington, L., Stamp, E., Smith, J., Kelly, H., Parker, N., Stockwell, K., … Vale, L. (2019). 
Internet delivery of intensive speech and language therapy for children with cerebral 
palsy: a pilot randomised controlled trial. British Medical Journal, 9, 1-12. 

Platt, L. J., Andrews, G., & Howie, P. M. (1980). Dysarthria of adult cerebral palsy: II. 
Phonemic analysis of articulation errors. Journal of Speech and Hearing Research, 23, 
41–55.  

Ramig, L. O., Bonitati, C., Lemke, J., & Horii, Y. (1994). Voice treatment for patients with 
Parkinson disease: development of an approach and preliminary efficacy data. Journal of 
Medical Speech-Language Pathology, 2, 191-209. 

Ramig, L. A., Levy, E. S., Fox, C. M., Halpern, A., Spielman, J., Moya-Galé, G., & Goudarzi, A. 
(2015). Impact of LSVT LOUD and LSVT ARTIC on speech intelligibility in 
Parkinson’s disease. Movement Disorders, 30(Suppl. 1), S112.  

Ramig, L. O., Sapir, S., Countryman, S., Pawlas, A. A., O’Brien, C., Hoehn, M., & Thompson, 
L. L. (2001). Intensive voice treatment (LSVT) for patients with Parkinson’s disease: a 2 
year follow up. Journal of Neurology, Neurosurgery & Psychiatry, 71, 493-498. 

Redstone, F. (2004). The effects of seating position on the respiratory patterns of preschoolers 
with cerebral palsy. International Journal of Rehabilitation Research, 27, 283–288.  

Robb, M. P., Maclagan, M. A., & Chen, Y. (2004). Speaking rates of American and New 
Zealand varieties of English. Clinical Linguistics and Phonetics, 18, 1-15. 

Sakash, A., Mahr, T. J., Natzke, P. E. M., & Hustad, K. C. (2019). Effects of rate manipulation 
on intelligibility in children with cerebral palsy. American Journal of Speech-Language 
Pathology, 29, 127-141. 

Sapir, S., Pawlas, A., Ramig, L., Seeley, E., Fox, C., & Corboy, J. (2001). Effects of intensive 
phonatory-respiratory treatment (LSVT) on voice in individuals with multiple sclerosis. 
Journal of Medical Speech Language Pathology, 9, 35–45. 

Sapir, S., Spielman, J., Ramig, L. O., Hinds, S. L., Countryman, S., Fox, C., et al. (2003). Effects 
of intensive voice treatment (the Lee Silverman Voice Treatment [LSVT] on ataxic 
dysarthria: A case study. American Journal of Speech-Language Pathology, 12, 387–399. 



25 

Sapir, S., Spielman, J., Ramig, L. O., Story, B. H., & Fox, C. (2007). Effects of intensive voice 
treatment (the Lee Silverman Voice Treatment [LSVT]) on vowel articulation in 
dysarthric individuals with idiopathic Parkinson disease: Acoustic and perceptual 
findings. Journal of Speech, Language, and Hearing Research, 50, 899-912. 

Scott, S., & Caird, F. (1983). Speech therapy for Parkinson’s disease. Journal of Neurology, 
Neurosurgery, & Psychiatry, 46, 140–144.  

Schölderle, T., Staiger, A., Lampe, R., Strecker, K., & Ziegler, W. (2016). Dysarthria in adults 
with cerebral palsy: Clinical presentation and impacts on communication. Journal of 
Speech, Language, and Hearing Research, 59, 216-229. 

Shrout, P. E., & Fleiss, J. L. (1979). Intraclass correlations: Uses in assessing rater 
reliability. Psychological Bulletin, 86, 420–428. 

Smiljanić, R., & Bradlow, A. R. (2009). Speaking and hearing clearly: Talker and listener factors 
in speaking style changes. Language and Linguistics Compass, 3, 236–264. 

Stipancic, K. L., Yunusova, Y., Berry, J. D., & Green, J. R. (2018). Minimally detectable change 
and minimal clinically important difference of a decline in sentence intelligibility and 
speaking rate for individuals with amyotrophic lateral sclerosis. Journal of Speech, 
Language, and Hearing Research, 61, 2757-2771. 

Strand, E. A. 1995: Treatment of motor speech disorders in children. Seminars in Speech and 
Language, 16, 126–39.  

Švec, J. G., & Granqvist, S. (2018). Tutorial and guidelines on measurement of sound pressure 
level in voice and speech. Journal of Speech, Language, and Hearing Research, 61, 441-
461. 

Tjaden, K., Richards, E., Kuo, C., Wilding, G., & Sussman, J. (2014). Acoustic and perceptual 
consequences of clear and loud speech. Folia Phoniatrica et Logopaedica, 65, 214–220.  

Tjaden, K., & Wilding, G. (2004). Rate and loudness manipulations in dysarthria: Acoustic and 
perceptual findings. Journal of Speech, Language, and Hearing Research, 47, 766–783. 

Tjaden, K., & Wilding, G. (2011). The impact of rate reduction and increased loudness on 
fundamental frequency characteristics in dysarthria. Folia Phoniatrica et Logopaedica, 
63, 178-186. 

Turner, G. S., Tjaden, K., & Weismer, G. (1995). The influence of speaking rate on vowel space 
and speech intelligibility for individuals with amyotrophic lateral sclerosis. Journal of 
Speech, Language, and Hearing Research, 38, 1001–1013.  

Van Nuffelen, G., De Bodt, M., Wuyts, F., & Van de Heyning, P. (2009). The effect of rate 
control on speech rate and intelligibility of dysarthric speech. Folia Phoniatrica et 
Logopaedica, 61, 69-75. 

Vochtej, J. M., Noordzij, J. P., Cler, G. J., & Stepp, C. E. (2019). Frequency and speech rate on 
the intelligibility, communication efficiency, and perceived naturalness of synthetic 
speech. American Journal of Speech-Language Pathology, 28, 875-886. 

Walshe, M. & Miller, N. (2011). Living with acquired dysarthria: the speaker’s perspective. 
Disability and Rehabilitation, 33, 195-203. 

Watson, P. J., & Hughes, D. (2006). The relationship of vocal loudness manipulation to prosodic 
F0 and durational variables in healthy adults. Journal of Speech, Language, and Hearing 
Research, 49, 636-644. 

Wilson, R. H., Bell, T. S., & Koslowski, J. A. (2003). Learning effects associated with repeated 
word-recognition measures using sentence materials. Journal of Rehabilitation Research 
and Development, 40, 329–336. 



26 

Yorkston, K. M., & Beukelman, D. R. (1980). A clinician-judged technique for quantifying 
dysarthric speech based on single-word intelligibility. Journal of Communication 
Disorders, 13, 15-31. 

Yorkston, K. M., Beukelman, D. R., Strand, E. A., & Bell, K. R. (1999). Management of Motor 
Speech Disorders in Children and Adults. Austin, TX: Pro-Ed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 Captions 

Figure 1. Individual speakers’ gain score difference for transcription accuracy (TA) in 
Speech Intelligibility Treatment (SIT) and Physical Therapy (PT) groups 

Figure 2. Individual speakers’ gain score difference for naturalness ratings in Speech 
Intelligibility Treatment (SIT) and Physical Therapy (PT) groups 

Figure 3. Individual speaker data within the SIT and PT groups for both sound pressure 
level (SPL) and articulation rate. Error intervals represent standard errors. 

 
Supplemental Material: 
Figure 4. Individual speakers’ raw score for transcription accuracy (TA) in Speech 

Intelligibility Treatment (SIT) and Physical Therapy (PT) groups 
Figure 5. Individual speakers’ raw score for naturalness in Speech Intelligibility 

Treatment (SIT) and Physical Therapy (PT) groups 
 

 
 


