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Purpose: There are few evidence-based speech interventions designed to alter 
speech production in a way that ultimately results in increased speech intellig-
ibility in adolescents with Down syndrome (DS). The primary purpose of this 
study was to examine the impact of clear and loud speech cues on acoustic 
and perceptual features of speech production in adolescents with DS. 
Method: Eight adolescents diagnosed with DS repeated sentences of varying 
lengths in three conditions: habitual, big mouth (i.e., clear speech), and strong 
voice (i.e., loud speech). Four hundred eighty adult listeners (20 listeners per 
adolescent per condition) provided orthographic transcriptions of adolescent’s 
speech, which were used to calculate intelligibility scores. Acoustic measures of 
speech rate, articulation rate, proportion of time spent pausing, vocal intensity, 
and fundamental frequency were calculated for each sentence. 
Results: The big mouth condition resulted in significantly increased intelligibility, 
slowed speech and articulation rates, increased pauses, increased vocal intensity, 
and increased fundamental frequency. The strong voice condition resulted in signif-
icantly increased vocal intensity and fundamental frequency, but no other changes. 
Speech rate was the only variable that explained any of the variance in intelligibility. 
Conclusions: Adolescents with DS respond differently to clear and loud speech 
cues. In particular, clear speech cues resulted in significant increases in intellig-
ibility, but loud speech cues did not. Clear speech cues hold promise as an 
intervention strategy for adolescents with DS. 
Over half of adolescents with Down syndrome (DS), 
a genetic disorder caused by trisomy of whole or part of 
Chromosome 21, demonstrate decreased speech intellig-
ibility (Wilson et al., 2019b). Decreased intelligibility 
results from a constellation of causes, including anatomic 
differences (Rodrigues et al., 2019; Sforza et al., 2012), 
speech motor impairment (Kumin, 2006; Wilson et al., 
2019a, 2019b), and hearing loss (Nightengale et al., 2017). 
While there is considerable individual variability, the factors 
that contribute to decreased intelligibility are considered 
part of the clinical phenotype of DS, meaning that the 
majority of adolescents with DS exhibit these deficits to 
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some degree (Danhauer & Fidler, 2011). As a result, adoles-
cents with DS demonstrate speech production characteristics 
that are heterogeneous, involving unique combinations of 
speech subsystem deficits. Almost all commonly rated 
impairments in auditory-perceptual features of speech pro-
duction (Darley et al., 1969a, 1969b; Duffy, 2020) have 
been found in the DS population (Jones et al., 2019; Kent 
et al., 2021; Kent & Vorperian, 2013; Wilson et al., 2019a, 
2019b), and these auditory-perceptual deficits associated 
with the speech subsystems have been described as “hyper”/ 
“too much,” “hypo”/“too little,” and “adequate.” For 
example, speech rate can be adequate, too slow, or too fast 
(Jones et al., 2019; Kent et al., 2021; Kent & Vorperian, 
2013; Wilson et al., 2019b), and phonatory symptoms 
can indicate vocal hyperfunction or vocal hypofunction 
(Kent et al., 2021; Pebbili et al., 2021). The lack of a
•5 Copyright © 2024 American Speech-Language-Hearing Association 201

2/2025, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

https://orcid.org/0000-0002-0408-2504
https://doi.org/10.1044/2024_AJSLP-24-00248
mailto:darlingwhite@arizona.edu
mailto:darlingwhite@arizona.edu


syndrome-specific speech production profile makes inter-
vention planning and implementation difficult. This het-
erogeneity is likely one of the reasons why the number of 
studies examining the efficacy of interventions focused 
on improving speech production in the DS population is 
extremely limited (Pennington et al., 2016). This study 
sought to address this gap in the literature by examining 
the impact of two types of cues, namely, clear speech 
cues and loud speech cues, on acoustic and perceptual 
features of speech production in adolescents with DS. 

Establishing evidence-based speech interventions that 
alter speech production in a way that improves intelligibility 
in adolescents with DS is critical, given the important role 
intelligibility plays in communicative participation (i.e., the 
ability to use communication while engaging in daily life 
activities; Connaghan et al., 2022). Restrictions in communi-
cative participation are not trivial and limit language devel-
opment, academic achievement, peer relationships, and qual-
ity of life (Hodge & Wellman, 1999). Adolescents with DS 
are particularly vulnerable to the negative consequences that 
result from restrictions in communicative participation. Peer 
relationships and social success assume a more significant 
role during adolescence than during any other life stage (Jose 
et al., 2012; Whitmire, 2000). However, there is evidence that 
adolescents with DS spend the majority of their time with 
adults (e.g., parents, support staff) or alone (Dolva et al., 
2019). Loneliness has both physical (e.g., headache, nausea) 
and mental health (e.g., depression, anxiety) consequences 
for adolescents (Lyyra et al., 2018; Stickley et al., 2016). 
Higher levels of loneliness at age 10 lead to lower levels of 
self-worth and higher levels of depressive symptoms at age 
18 in adolescents with DS (Tillinger, 2013). Adolescents and 
their parents report that intelligibility deficits directly inter-
fere with the adolescents’ ability to initiate and maintain 
social interactions and make new friends (Connaghan et al., 
2022). Despite the overwhelming need for speech interven-
tion services, adolescents with DS are the most underserved 
population of individuals with DS by speech-language 
pathologists (Meyer et al., 2017). 

The majority of the speech intervention literature 
involving adolescents with DS has focused on speech sound 
accuracy as a way of improving intelligibility (Cleland et al., 
2009; Rvachew & Folden, 2018; Wood et al., 2009). Unfor-
tunately, improvements in speech sound accuracy have not 
resulted in statistically or clinically significant1 intelligibility 
changes in adolescents with DS (Cleland et al., 2009; Wood 
• •

1 Clinical significance can be thought of as the difference in intellig-
ibility between two or more time points that reflects a true change in 
an individual’s speech function. Collectively, studies suggest that a ≥ 
10% increase in intelligibility between two time points is clinically sig-
nificant (Pennington et al., 2013; Stipancic & Tjaden, 2022; Stipancic 
et al., 2018). 
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et al., 2009). While it is difficult to make definitive conclu-
sions based on a handful of studies that together examined 
fewer than 10 adolescents with DS, the result (or lack 
thereof) is unsurprising given the complexity of speech pro-
duction deficits observed in adolescents with DS. As noted 
above, almost all commonly rated impairments in auditory-
perceptual features of speech production (Darley et al., 
1969a, 1969b; Duffy, 2020) have been found in the DS pop-
ulation, and the constellation of deficits within an individual 
often points to multiple speech subsystem impairments. 
Thus, speech interventions designed to target multiple speech 
subsystems as opposed to a single speech subsystem (e.g., 
articulatory) are likely needed. 

Two such intervention approaches found in the 
speech intervention literature are clear speech and loud 
speech. These approaches utilize a single cue (e.g., “speak 
clearly” or “speak loudly”) aiming to facilitate speech pro-
duction changes across multiple speech subsystems, result-
ing in increased intelligibility while reducing the cognitive 
load required to remember the speech production strategy. 
Approaches of this nature are typically examined in one 
of two ways: (a) In cueing studies, the immediate impact 
of speech cues (often within one recording session) is 
examined (e.g., Chang et al., 2024; Lam & Tjaden, 2016; 
Levy et al., 2017; Levy, Moya-Galé, Chang, Campanelli, 
et al., 2020; Tjaden et al., 2013), and (b) in treatment 
studies, the “long-term” impact of participating in multi-
ple weeks of treatment involving a protocol that includes 
speech cues embedded in therapeutic activities designed to 
promote a “new” way of speaking is examined (e.g., Levy 
et al., 2021; Levy, Moya-Galé, Chang, Freeman, et al., 
2020; Park et al., 2016; Ramig et al., 1995; Stathopoulos 
et al., 2014). Cueing studies, often the first step in the pro-
cess of establishing the efficacy of speech cue use, provide 
important foundational knowledge for the development 
and implementation of treatment protocols but do not 
necessarily predict long-term changes as a response to any 
specific protocol. The current study will be the first cueing 
study to examine the acoustic and perceptual conse-
quences of clear and loud speech cues in any age group of 
individuals with DS. 

Without cueing studies involving individuals with 
DS, we must turn to literature from other potentially simi-
lar populations. Clear and loud speech cues have been 
used to great success with adults with speech motor 
impairment, with cueing studies and treatment studies 
documenting similar effects (e.g., Park et al., 2016; Ramig 
et al., 1995; Stathopoulos et al., 2014; Tjaden et al., 2013; 
Tjaden, Sussman, & Wilding, 2014). The use of clear 
speech cues with adults with speech motor impairment 
commonly results in decreased speech and articulation 
rate, increased vocal intensity, increased vowel space area, 
increased spectral change, increased mean fundamental
•–217 January 2025
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frequency (F0), and increased intelligibility (Lam & Tjaden, 
2016; Park et al., 2016; Stipancic et al., 2022; Tjaden et al., 
2013; Tjaden, Sussman, & Wilding, 2014; Whitfield & 
Goberman, 2014). The use of loud speech cues with adults 
with speech motor impairment commonly results in increased 
vocal intensity, increased F0, improved laryngeal aerodynam-
ics, changes in speech breathing patterns, and increased intel-
ligibility (Levy, Moya-Galé, Chang, Freeman, et al., 2020; 
Ramig et al., 1995, 2018; Sadagopan & Huber, 2007; Schulz 
et al., 2021; Stathopoulos et al., 2014; Tjaden et al., 2013; 
Tjaden, Sussman, & Wilding, 2014). One type of approach is 
not necessarily better than the other. In one study with adults 
with speech motor impairment, clear speech cues resulted in 
the same level of intelligibility improvement as loud speech 
cues (Tjaden, Sussman, & Wilding, 2014). 

Despite the many potential differences between devel-
opmental and acquired speech motor impairment, there has 
been an underlying assumption (not based in evidence) that 
children and adolescents with speech motor impairment 
(regardless of etiology) would respond to clear and loud 
speech cues in the same manner as adults with speech motor 
impairment. In the case of the use of loud (or other) speech 
cues in the DS population, little is known about responses to 
cueing. However, there are two Phase I treatment studies 
examining different aspects of speech production follow-
ing the Lee Silverman Voice Treatment (LSVT LOUD), 
an approach focused on increasing loudness developed for 
individuals with Parkinson’s disease, in the same cohort of 
nine children with DS aged 4–8 years (Boliek et al., 2022; 
Langlois et al., 2020). Acoustic changes following LSVT 
LOUD were sparse, with only four out of the nine children 
with DS demonstrating increased vocal intensity and three 
out of the nine children with DS demonstrating increased F0 
at the phrase level (Boliek et al., 2022). Children with DS, as 
a group, did not demonstrate statistically or clinically signifi-
cant changes in intelligibility following LSVT LOUD (4% 
increase; Langlois et al., 2020). Individually, only three out 
of the nine children with DS demonstrated clinically signifi-
cant differences in intelligibility following LSVT LOUD 
(Boliek et al., 2022). Furthermore, increased vocal intensity 
and F0 did not necessarily lead to improvements in intellig-
ibility in individual children with DS. These results are in 
stark contrast with LSVT LOUD outcomes in adults with 
speech motor impairment. For example, group results from 
individuals with Parkinson’s disease indicate increases of 
intelligibility ranging from 11% to 31% post-LSVT LOUD 
(Levy, Moya-Galé, Chang, Freeman, et al., 2020; Schulz 
et al., 2021). The differences in these populations highlight 
the need to conduct cueing studies involving adolescents with 
DS to first establish the effects of clear and loud speech cues 
prior to implementing rigorous treatment studies. 

Cerebral palsy (CP), a neurodevelopmental disorder 
that also results in decreased speech intelligibility due to a 
Darling-White &
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variety of reasons including speech motor impairment, 
could be a more appropriate comparison group for DS. 
CP is similar to DS in that there is no syndrome-specific 
speech production profile, and the speech production defi-
cits often indicate involvement of multiple speech subsys-
tems (e.g., Allison & Hustad, 2018a, 2018b; Hustad et al., 
2010). Cueing studies using child-friendly versions of clear 
and loud speech cues have been examined within English-, 
French-, and Korean-speaking children with CP (Chang 
et al., 2024; Levy et al., 2017; Levy, Moya-Galé, Chang, 
Campanelli, et al., 2020). Since there may be differential 
responses to these cues based on language (Chang et al., 
2024; Levy, Moya-Galé, Chang, Campanelli, et al., 2020), 
we will focus on the cueing study conducted with English-
speaking children with CP (Levy et al., 2017). To elicit 
clear speech, children were asked to speak using their “big 
mouth,” and to elicit louder speech, children were asked 
to speak with their “strong voice.” Word and sentence 
duration significantly increased in response to both clear 
and loud speech cues, although to a larger extent with 
clear speech cues. Vocal intensity also significantly 
increased in response to both clear and loud speech cues, 
although to a larger extent with loud speech cues. Neither 
cue significantly impacted formant frequencies. Ease of 
understanding ratings and word intelligibility significantly 
increased in response to both clear and loud speech cues, 
with neither cue necessarily resulting in more improvement 
than the other. Individual intelligibility results revealed a 
more mixed picture with some children with CP demon-
strating clinically significant increases in intelligibility with 
clear speech cues, some with loud speech cues, some with 
both, and some with neither (Levy et al., 2017). Although this 
same type of variability to clear and loud speech cues may 
exist within the DS population, etiology-specific differences 
to speech production challenges (Darling-White & Jaeger, 
2023; Darling-White & Polkowitz, 2023) and speech treat-
ments (Langlois et al., 2020) have been found between the 
DS and CP populations. For example, post-LSVT LOUD 
children with CP demonstrate more consistent changes in 
vocal intensity, formant frequencies, and intelligibility than 
children with DS (Langlois et al., 2020). Furthermore, pres-
ence of DS was one of the biggest predictors of successful lan-
guage treatment outcomes among toddlers with developmen-
tal disabilities (Yoder & Warren, 2002). 

The primary purpose of this study was to examine 
the impact of clear and loud speech cues on acoustic and 
perceptual features of speech production in adolescents 
with DS. The child-friendly cues of “big mouth” and 
“strong voice” introduced in Levy et al.’s (2017) study 
were utilized. Given the lack of a syndrome-specific speech 
production profile, limited cueing/treatment data, and 
etiology-specific responses to different treatment protocols, 
it cannot be assumed that adolescents with DS will
McHugh: Clear and Loud Speech Cues in Down Syndrome 203
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perform similarly to adults with speech motor impairment 
in their responses to clear and loud speech cues, nor can it 
be assumed that adolescents with DS will respond in the 
same manner as children with CP. Thus, no directional 
hypotheses were formed for the following research 
questions: 

1. Do clear and loud speech cues impact intelligibility, 
speech rate, articulation rate, pauses, vocal intensity, 
and F0 in adolescents with DS? 

Intelligibility was examined since the goal of these 
types of approaches is to alter speech production in such a 
way that intelligibility increases. The acoustic variables 
were chosen based on the literature reviewed above describ-
ing some of the most common acoustic responses to clear 
and loud speech cues. All variables were examined across 
three conditions: habitual, clear speech, and loud speech. 

1. To what extent do the acoustic variables contribute 
to ratings of intelligibility in adolescents with DS? 

There is very little information about which speech 
production alterations improve intelligibility in the DS 
population, and what is known from other populations 
may not be applicable. Children with DS who demon-
strate increases in vocal intensity and F0 post-LSVT 
LOUD did not necessarily demonstrate improvements in 
intelligibility (Boliek et al., 2022), a finding that is surpris-
ing based on the adult speech motor impairment litera-
ture. To more thoroughly understand how acoustic 
changes in response to clear and loud speech cues may or 
may not result in changes in intelligibility, a series of lin-
ear regressions followed by a forward and backward step-
wise regression model were completed. 
• •

Table 1. Participant demographic information. 

Participant 
Age (years; 
months) Race/ethnicity Native langu

F01DS 16;1 White/Hispanic Latino American Englis

M02DS 11;10 Did not report/ 
Hispanic Latino 

American Englis

F03DS 17;11 White/Hispanic Latino Spanish and Am
English 

F04DS 10;7 White/non-Hispanic American Englis

F05DS 13;6 White/non-Hispanic American Englis

F06DS 12;2 White/non-Hispanic American Englis

F07DS 11;9 White/Hispanic Latino American Englis

M09DS 10;7 White/Hispanic Latino Spanish and Am
English 

Note. Language impairment classifications are based on the core lang
Fifth Edition (Wiig et al., 2013). Higher scores on the Vineland-3 indicate
Vineland-3 = Vineland Adaptive Behavior Scales–Third Edition (Sparrow e
a Parent-reported language impairment that did not include a severity ratin
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Method 

Participants 

Adolescents With DS 
Eight adolescents (two male, six female) diagnosed 

with DS participated in the current study. The mean age of 
the adolescents was 13;2 (years;months) with a range of 
10;7–17;11. These adolescents appear in previous publica-
tions from the Darling-White research team. Specifically, 
the intelligibility and rate-related measurements from the 
habitual condition have been examined in relation to sen-
tence length (Darling-White & Jaeger, 2023; Darling-White 
& Polkowitz, 2023). All other data are unique to this study. 
Prior to data collection, legal guardians provided written 
consent and adolescents provided verbal assent. Study pro-
cedures were approved by the University of Arizona 
Human Subjects Review Board (Protocol 16055837A005). 

Adolescents were recruited via specialty clinics, 
community events, and online forums. Inclusionary cri-
teria for this study were as follows: (a) speak fluent 
English and (b) be able to repeat sentences up to seven 
words in length. Demographic characteristics of the ado-
lescents with DS, including age, race, ethnicity, native 
language, language impairment status, speech motor 
impairment severity, and adaptive behavior skills, are 
presented in Table 1. These demographic characteristics 
were not used as inclusionary or exclusionary criteria 
but, rather, are a way to characterize our sample to 
allow for cross-study comparison. 

F03DS and M09DS were bilingual (i.e., regularly 
used two languages; Grosjean, 1992). These adolescents
•

age 
Language 
impairment 

Speech motor 
impairment 
severity 

Adaptive 
behavior 

composite of 
Vineland-3 

h Severe impairment Moderate 75 

h Severe impairment Moderate 74 

erican Severe impairment Severe 68 

h Severe impairment Severe 78 

h Severe impairment Moderate 67 

h Impairmenta Severe 65 

h Severe impairment Moderate 63 

erican Impairmenta Severe 62 

uage score of the Clinical Evaluation of Language Fundamentals– 
 better functioning. F = female; M = male; DS = Down syndrome; 
t al., 2016). 

g. 

–217 January 2025
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were early bilinguals (learned both languages when they 
were younger than 5 years of age; Paradis et al., 2021) 
and primarily spoke Spanish at home and English at 
school. No differences have been found between bilingual 
and monolingual adolescents with neurodevelopmental 
disorders on measures of language, cognition, or adaptive 
functioning when tested in the majority language (i.e., 
English) regardless of age of acquisition (Edgin et al., 
2011; Kay-Raining Bird et al., 2005, 2016). The core lan-
guage score of the Clinical Evaluation of Language 
Fundamentals–Fifth Edition (Wiig et al., 2013) was used 
to determine the presence or absence of language impair-
ment. Two adolescents, F06DS and M09DS, did not par-
ticipate in standardized language testing due to time con-
straints. In these cases, language impairment was based on 
parent report and was not given a severity rating. All ado-
lescents exhibited speech motor impairment as determined 
by the first author, a certified speech-language pathologist, 
using perceptual assessment during a variety of connected 
speech tasks (e.g., conversation, reading, single-sentence 
production). The severity of speech motor impairment was 
indexed by speech intelligibility scores obtained from the 
habitual condition (Allison & Hustad, 2018b; Kent et al., 
1989; Kim et al., 2011; Natzke et al., 2020). High levels of 
intelligibility, 81%–100%, indicated mild speech motor 
impairment. Moderate levels of intelligibility, 61%–80%, 
indicated moderate speech motor impairment. Low levels 
of intelligibility, 0%–60%, indicated severe speech motor 
impairment. Severity categories were based on those 
reported in Natzke et al.’s (2020) study. The Vineland 
Adaptive Behavior Scales–Third Edition (Vineland-3; 
Sparrow et al., 2016) was used to describe adaptive behav-
ior. The Vineland-3 is a standardized parent report measure 
that examines adaptive behavior across three domains: 
communication, daily living skills, and socialization. The 
composite score is expressed as a standard score with a 
mean of 100 and an SD of 15. Higher scores indicate better 
adaptive behavior skills. 

Only one of the adolescents with DS participated in 
the hearing screening due to time constraints. F05DS had 
an elevated threshold of 25 dB at 500 Hz in the right ear 
but passed at all other frequencies. F01DS and M09DS 
wore bilateral hearing aids, and their parents had no con-
cerns about their hearing that were not addressed by the 
hearing aids. No parent concerns regarding hearing status 
were reported for the remaining adolescents. 
Adult Listeners 
Four hundred eighty adult listeners (20 listeners per 

adolescent per condition; 20 × 8 × 3) participated in this 
study. Listeners provided orthographic transcriptions of 
the speech tasks described below as the basis for intellig-
ibility measures. Listeners were recruited from Amazon 
Darling-White &
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Mechanical Turk (MTurk), an online crowdsourcing plat-
form. The use of crowdsourcing platforms for auditory-
perceptual studies in the speech sciences has been vali-
dated (Lansford et al., 2016; McAllister Byun et al., 2015; 
Ziegler et al., 2021) and is becoming more frequent in the 
literature (e.g., Borrie et al., 2017; Jiao et al., 2019; 
McAllister Byun, 2017; McAllister Byun et al., 2016; 
Nightingale et al., 2020). Participation was limited to 
MTurk workers designated by Amazon as Masters (i.e., 
have high approval ratings) with a U.S.-based IP address. 
Participation requirements were as follows: (a) use of 
Firefox, Chrome, or Safari browsers; (b) between the ages 
of 18 and 45 years; (c) native speaker of American English; 
(d) no history of speech, language, learning, or hearing dis-
orders; (e) no more than incidental experience listening to 
adolescents with speech sound disorders; and (f) a pair of 
headphones to wear while completing the task. Confirma-
tion of these requirements was based on self-report. 
Acquisition of Speech Samples 

Equipment 
Adolescents wore an omnidirectional headset micro-

phone (Shure WBH53) with a mouth-to-microphone dis-
tance of 6 cm during the completion of the speech tasks 
detailed below. The acoustic signal was recorded via a 
digital audio recorder (Marantz PMD-671) with a com-
pact flash card, then transferred to a computer, and 
resampled at 18 kHz with a low-pass filter at 9 kHz for 
anti-aliasing using GoldWave. The microphone was cali-
brated before each data collection session using a pure-
tone generator and sound-level meter (Method 2B; Švec & 
Granqvist, 2018). The difference between the measured 
intensity of the calibration signal in Praat (Boersma & 
Weenink, 2016) versus from the sound-level meter was cal-
culated and added to the intensity measures detailed below. 

Speech Task 
Acoustic data were collected during a 30- to 45-min 

session held in a quiet space at the University of Arizona or 
at the adolescent’s home depending on parent preference. 
Adolescents completed the sentence-level Test of Children’s 
Speech (TOCS+; Hodge & Daniels, 2009) in three different 
conditions: habitual, big mouth (i.e., clear speech), and 
strong voice (i.e., loud speech). The habitual condition was 
always collected first to prevent carryover effects. The order 
of the big mouth and strong voice conditions was counter-
balanced across adolescents. Frequent breaks were pro-
vided to prevent fatigue and increase compliance. 

Prior to data collection, the TOCS+ software 
(Hodge & Daniels, 2009) was used to create 30 unique lists. 
Each TOCS+ list consisted of 34 sentences varying in 
length from two to seven words. The software randomly
McHugh: Clear and Loud Speech Cues in Down Syndrome 205
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pulled sentences from a pool of 2,000 phrases and ran-
domized the order of sentence length presentation. Sen-
tences in the TOCS+ were developed to include a repre-
sentative sample of phonemes and to be lexically valid for 
individuals with a developmental language age as young 
as 3 years. To minimize the effects of listener familiarity, 
the software does not allow content words to be repeated 
within the same test administration. Each list of sentences 
had different numbers of sentences at each length, but a 
representative TOCS+ list contained four 2-word sen-
tences, five 3-word sentences, six 4-word sentences, seven 
5-word sentences, six 6-word sentences, and six 7-word 
sentences. Each adolescent was presented with a different 
TOCS+ list for each condition (i.e., three different lists 
per adolescent). No TOCS+ lists were repeated within a 
condition. The TOCS+ has good test–retest reliability 
(Hodge & Gotzke, 2010). 

Per TOCS+ protocols, adolescents repeated each 
stimulus sentence following a prerecorded adult model. 
Each TOCS+ list was prerecorded and presented in a 
manner consistent with the testing condition: habitual, big 
mouth, or strong voice (Levy et al., 2017). This served as 
a reminder for the adolescents of the task requirements. 
Stimulus sentences were prerecorded by the first author in 
a sound-attenuating booth using a comfortable loudness 
and pitch (i.e., habitual condition) and clear speech (i.e., 
big mouth condition). To ensure consistency of audibility 
across the habitual and clear speech conditions, the prere-
corded stimulus sentences were scaled such that the aver-
age intensity was 60 dB using Praat (Boersma & Weenink, 
2016). To simulate loud speech (i.e., strong voice condi-
tion), the prerecorded sentences from the habitual condi-
tion were scaled such that the average intensity was 80 dB 
using Praat (Boersma & Weenink, 2016). The text and 
accompanying audio of each stimulus sentence were pre-
sented via a laptop computer situated approximately 1 ft 
in front of each adolescent. The volume on the laptop was 
not adjusted during the presentation of the stimulus sen-
tences, resulting in a 20-dB difference between the prere-
corded sentences for the habitual and clear speech condi-
tions and the prerecorded sentences for the loud speech 
condition. 

In the habitual condition, adolescents were asked to 
repeat each sentence using their comfortable loudness and 
pitch. In the big mouth condition, adolescents were asked 
to repeat each sentence using their “big mouth.” In the 
strong voice condition, adolescents were asked to repeat 
each sentence using their “strong voice.” Prior to the initi-
ation of each therapeutic condition, the first author, who 
collected these data, provided a model of a big mouth and 
a strong voice using the phrase “Hawaiian lion” (Levy 
et al., 2017). Adolescents were asked to repeat that prac-
tice phrase using the appropriate cue and were given 
• •206 American Journal of Speech-Language Pathology Vol. 34 201
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feedback on their performance. Care was taken not to use 
the word “loud” when providing feedback for the strong 
voice condition to discourage yelling. The only feedback 
provided during the performance of the therapeutic condi-
tions was verbal reminders to use a big mouth or strong 
voice. Adolescents were occasionally asked to produce 
more than one trial of a stimulus sentence. This was typi-
cally due to issues such as laughing or coughing during 
the sentence, difficulty remembering the sentence, overlap 
with the prerecorded adult model, or background noise. 

Acquisition of Listener Data 

Stimulus sentences were orthographically transcribed 
by adult listeners. Twenty adult listeners were collected 
for each adolescent in each condition (20 × 8 × 3). Each 
listener heard the 34 sentences produced by one adolescent 
in one condition. Stimulus sentences were presented via a 
Qualtrics survey, which randomized the presentation of 
the stimulus sentences for each listener. Each stimulus sen-
tence was separated into its own .wav file, and amplitude 
normalized via a customized MATLAB script (B. Story) 
prior to presentation. Amplitude normalization is a com-
mon practice in perceptual studies involving clear and/or 
loud speech cues and assists in interpreting the source of 
potential variations in intelligibility by minimizing the influ-
ence of audibility (see Ferguson & Kewley-Port, 2002; 
Stipancic et al., 2022; Tjaden et al., 2013; Tjaden, Kain, & 
Lam, 2014; Tjaden, Sussman, & Wilding, 2014). Stimulus 
sentences were processed by low-pass filtering the signals 
with a cutoff frequency of 8500 Hz (Ferguson & Kewley-
Port, 2002). Each sentence was then amplitude-normalized 
by first determining the overall root-mean-square (RMS) 
amplitude (excluding pauses) and then multiplying each sen-
tence by a scale factor such that the overall RMS value of 
the normalized signal was 30 dB below full scale. This scal-
ing prevented clipping of any transient high-intensity seg-
ments in an utterance and allowed for normalization of 
intensity across utterances and conditions. 

Listeners were instructed to wear headphones during 
the task and set the volume to a comfortable listening 
level. Listeners were asked to listen to each sentence and 
type the words that they heard (without the use of abbre-
viations) in the textbox provided. Listeners were told they 
would only hear real English words and were encouraged 
to guess if they were unsure. Stimulus sentences were pre-
sented to each listener one time. The task took less than 
30 min. 

Dependent Variables 

Three sentences across all adolescents and conditions 
were discarded because of significant disfluency (one from
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the habitual condition and two from the strong voice con-
dition). F06DS exhibited sensory defensiveness with 
the microphone and did not have a stable mouth-to-
microphone distance. Her data were included in the intel-
ligibility measurements but excluded from the SPL and F0 
measurements. A total of 813 sentences were included in 
the intelligibility measurements described below (271 sen-
tences in the habitual condition, 272 sentences in the big 
mouth condition, and 270 sentences in the strong voice 
condition), and 712 sentences were included in the SPL 
and F0 measurements (238 sentences in the habitual con-
dition, 238 sentences in the big mouth condition, and 236 
sentences in the strong voice condition). 

Intelligibility Data 
A scoring key was created for each adolescent by lis-

tening to the stimulus sentence, comparing it to the target 
sentence, and writing down the words the adolescent pro-
duced. If the adolescent was unintelligible, the target word 
or sentence was used. Listener responses were scored as 
correct if they were an exact phonemic match with the 
scoring key. Homonyms and misspellings were counted as 
correct. A team of two to four undergraduate research 
assistants scored the listener responses. Team members 
scored a response set individually, and then the group met 
to discuss their scores. If discrepancies arose, the team 
would make a group decision about the final score based 
on the scoring rules. Discrepancies were primarily due to 
human error (e.g., typos, miscalculations). A percent intel-
ligibility score was calculated by dividing the total number 
of words correctly identified by the total number of words 
produced and multiplying by 100. 

Acoustic Data 
Members of the research team listened to each sen-

tence to determine the number of syllables produced. 
Using the spectrographic display in Praat (Boersma & 
Weenink, 2016), a research team member created a text 
grid denoting the initiation and termination of each sen-
tence and each pause (defined below). Text grids were cre-
ated by hand and not via automation. Sentence duration 
was defined as the amount of time (in seconds) between 
the initiation (i.e., onset of acoustic energy) and termina-
tion (i.e., offset of acoustic energy) of the sentence. Speech 
rate was calculated by dividing the number of syllables 
produced in the sentence by the sentence duration. Articu-
lation rate was calculated by dividing the number of sylla-
bles produced in the sentence by the sentence duration 
minus pause time. A pause was defined as a between-
words silent interval greater than or equal to 0.150 s (e.g., 
Darling-White & Banks, 2021; Darling-White & Jaeger, 
2023). There were five instances in which M02DS pro-
duced perceptually and acoustically evident breath pauses 
that were shorter in duration than the minimum pause 
Darling-White &
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threshold (range: 0.121–0.147 s). These instances were 
counted as pauses and removed from articulation rate cal-
culations. A within-word silent interval greater than or 
equal to 0.150 s was only counted as a pause if there was 
perceptual and acoustic evidence of a breath. No within-
word silent intervals meeting our pause threshold coin-
cided with a breath and were therefore considered to be 
part of articulation rate. The proportion of time spent 
pausing was calculated by dividing the total pause time in 
a sentence by the sentence duration. Values closer to 1 
indicate the sentence contained mostly pauses, whereas 
values closer to 0 indicate the sentence contained mostly 
speech. A customized MATLAB program (B. Story) was 
used to extract mean intensity (SPL) and mean F0 from 
each sentence exclusive of pauses based on the labels from 
the text grid (Kovacs & Darling-White, 2022). 

Reliability 

We calculated the interrater reliability of intelligibil-
ity measurements by examining the agreement between 
percentages of words correctly transcribed for each listener 
of each adolescent via the intraclass correlation coefficient 
(ICC) using SPSS. Using an average score, one-way ran-
dom-effects model, we found strong agreement among lis-
teners in each condition (habitual: ICC = .99, 95% confi-
dence interval (CI) [.98, 1]; big mouth: ICC = 1, 95% CI 
[.98, 1]; strong voice: ICC = 1, 95% CI [.99, 1]). 

Sentence and pause durations from each sentence pro-
duced by two participants in each condition (a total of 204 
sentences) were randomly chosen to be reanalyzed by a sec-
ond measurer. Intermeasurer reliability was evaluated by com-
puting the Cronbach’s α between the two sets of measure-
ments for sentence duration and total pause time. Cronbach’s 
α was not calculated for intensity and F0 measures since these 
were extracted based on the sentence and pause durations 
marked in the text grid via a customized MATLAB program. 
The Cronbach’s α was 1 for both sentence duration and 
total pause time, indicating high intermeasurer reliability. 

Statistical Analysis 

All statistical analyses were completed in SAS (Ver-
sion 9.4). 

Research Question 1: Do Clear and Loud 
Speech Cues Impact Intelligibility, Speech Rate, 
Articulation Rate, Pauses, Vocal Intensity, 
and F0 in Adolescents With DS? 

A general linear mixed-model analysis of variance 
was used to examine the change in each dependent vari-
able as a result of condition (habitual, big mouth, strong 
voice). For each adolescent, the percent intelligibility score
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obtained from each listener across all sentences in each 
condition and the acoustic data from each sentence in 
each condition were used in the statistical model (as 
opposed to a single average for each condition). Subject 
was modeled as a random effect. Condition was modeled 
as the fixed effect. Tukey’s honestly significant difference 
post hoc tests were used to examine statistically significant 
pairwise comparisons. The significance level was set as 
p ≤ .01 for all statistical tests. 

Research Question 2: To What Extent Do the 
Acoustic Variables Contribute to Ratings of 
Intelligibility in Adolescents With DS? 

For each adolescent, a mean percent intelligibility 
score (average across 20 listeners) was calculated for each 
sentence in each condition. The mean percent intelligibility 
score and the acoustic data from each sentence in each 
condition were used in the regression models described 
below. Since intensity was not an available cue for lis-
teners given the amplitude normalization procedures, 
intensity was excluded from this analysis. F06DS was not 
included in the regression analyses given her lack of SPL 
and F0 data. 

Linear regressions were completed to assess the rela-
tionship between intelligibility and each dependent vari-
able. The significance level was set as p ≤ .01 for all statis-
tical tests. Dependent variables found to have a significant 
relationship with intelligibility were entered into a forward-
and-backward stepwise regression model. Variables were 
added one at a time according to an “entry” threshold of 
p = .3 and were removed if they did not meet the “stay” 
threshold of p = .01. This process was repeated until none 
of the variables outside the model met the “entry” threshold 
and every variable in the model met the “stay” threshold. 
Results 

Group means and standard deviations for each 
dependent variable by condition are presented in Table 2. 
Post hoc comparisons are reported in Table 3. Individual 
means and standard deviations for each dependent mea-
sure by condition are presented in the Appendix. 
• •

Table 2. Means (standard deviations) for each dependent measure by con

Condition Intelligibility (%) 
Speech rate 

(syll/s) 
Articulation

(syll/s

Habitual 56% (1.73%) 3.18 (0.05) 3.30 (0.0

Big mouth 69% (1.76%) 2.01 (0.04) 2.29 (0.0

Strong voice 59% (1.89%) 3.09 (0.05) 3.23 (0.0

Note. syll/s = syllables per second; Pausing = proportion of time spent p
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Intelligibility 

There was a significant main effect of condition on 
intelligibility, F(2, 14) = 104.25, p < .0001. Post hoc test-
ing revealed that intelligibility was significantly higher in 
the big mouth condition than both the habitual and strong 
voice conditions. The habitual and strong voice conditions 
were not significantly different from one another. This 
result is paralleled in the clinical significance as well. The 
habitual-to-big contrast resulted in a 13% mean difference, 
but the habitual-to-strong contrast yielded a 3% mean dif-
ference. Six out of the eight adolescents with DS demon-
strated clinically significant increases in the big mouth 
condition (see Figure 1). Only two out of the eight adoles-
cents with DS, F05DS and F07DS, demonstrated clini-
cally significant increases in the strong voice condition 
(see Figure 1). 

Speech Rate 

There was a significant main effect of condition on 
speech rate, F(2, 14) = 241.94, p < .0001. Post hoc testing 
revealed that speech rate was significantly slower in the 
big mouth condition than both the habitual and strong 
voice conditions. The habitual and strong voice conditions 
were not significantly different from one another. 

Articulation Rate 

There was a significant main effect of condition on 
articulation rate, F(2, 14) = 186.02, p < .0001. Post hoc 
testing revealed that articulation rate was significantly 
slower in the big mouth condition than both the habitual 
and strong voice conditions. The habitual and strong 
voice conditions were not significantly different from one 
another. 

Proportion of Time Spent Pausing 

There was a significant main effect of condition on 
the proportion of time spent pausing, F(2, 14) = 94.48, 
p < .0001. Post hoc testing revealed that the proportion of 
time spent pausing was significantly higher in the big 
mouth condition than both the habitual and strong voice
•

dition. 

 rate 
) Pausing SPL (dB) F0 (Hz) 

5) 0.04 (0.005) 79.29 (3.88) 215.56 (42.65) 

3) 0.13 (0.007) 85.94 (4.56) 229.30 (39.28) 

5) 0.04 (0.005) 88.85 (4.90) 236.51 (46.67) 

ausing. 
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Table 3. Pairwise comparisons for the main effect of sentence length. 

Measure Contrast Mean difference SE p 

Intelligibility (%) Habitual vs. big mouth 13 0.97 < .0001* 

Habitual vs. strong voice 3 0.97 .02 

Big mouth vs. strong voice 10 0.97 < .0001* 

Speech rate (syllables per second) Habitual vs. big mouth 1.18 0.06 < .0001* 

Habitual vs. strong voice 0.09 0.06 .28 

Big mouth vs. strong voice 1.08 0.06 < .0001* 

Articulation rate (syllables per second) Habitual vs. big mouth 1.01 0.06 < .0001* 

Habitual vs. strong voice 0.08 0.06 .19 

Big mouth vs. strong voice 0.93 0.06 < .0001* 

Proportion of time spent pausing Habitual vs. big mouth 0.09 0.007 < .0001* 

Habitual vs. strong voice 0.0004 0.007 1 

Big mouth vs. strong voice 0.09 0.007 < .0001* 

SPL (dB) Habitual vs. big mouth 6.65 0.28 < .0001* 

Habitual vs. strong voice 9.53 0.28 < .0001* 

Big mouth vs. strong voice 2.88 0.28 < .0001* 

F0 (Hz) Habitual vs. big mouth 13.74 2.28 .0002* 

Habitual vs. strong voice 21.12 2.28 < .0001* 

Big mouth vs. strong voice 7.38 2.28 .02 

Note. SE = standard error; F0 = fundamental frequency. 

*p ≤ .01. 
conditions. The habitual and strong voice conditions were 
not significantly different from one another. 

SPL 

There was a significant main effect of condition on 
SPL, F(2, 12) = 593.65, p < .0001. Post hoc testing 
revealed that SPL was significantly different in each 
Figure 1. Intelligibility values (with standard errors) by participant and con

Darling-White &
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condition, with SPL being highest in the strong voice con-
dition and lowest in the habitual condition. 

F0 

There was a significant main effect of condition on 
F0, F(2, 12) = 44.17, p < .0001. Post hoc testing revealed 
that F0 was significantly higher in the big mouth and
dition. 
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strong voice conditions than the habitual condition. The 
big mouth and strong voice conditions were not signifi-
cantly different from one another. 

Linear Regressions 

There was a significant negative relationship between 
intelligibility and speech rate (R2 = .037,  p < .0001)  and
articulation rate (R2 = .029,  p < .0001). Intelligibility 
decreased as speech rate and articulation rate increased. 
There was a significant positive relationship between intel-
ligibility and the proportion of time spent pausing (R2 = 
.014, p = .002). Intelligibility increased as the proportion of 
time spent pausing increased. There was no relationship 
between intelligibility and F0 (R2 = .005, p = .051).  

Stepwise Regression 

The dependent variables that were significantly 
related to intelligibility were considered in the stepwise 
model: speech rate, articulation rate, and the proportion 
of time spent pausing. The first step (R2 = .037) included 
speech rate (F = 26.92, p < .0001). The second step (R2 = 
.039) included speech rate (F = 6.98, p = .008) and articu-
lation rate (F = 1.58, p = .209). However, articulation rate 
did not meet the “stay” threshold (p = .01) and was 
removed from the model. The proportion of time spent 
pausing did not meet the “entry” threshold (p = .3). Thus, 
the final model (R2 = .037) included speech rate (F = 
26.92, p < .0001). Figure 2 depicts the linear relationship 
between intelligibility and speech rate across conditions 
for adolescents with DS. 
• •

Figure 2. The linear relationship between intelligibility and speech 
rate across conditions for adolescents with Down syndrome. 
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Discussion 

The purpose of this study was to examine the 
impact of clear and loud speech cues on speech produc-
tion in adolescents with DS. Adolescents with DS alter 
their speech production in response to both types of cues, 
but the impact of those speech production changes on 
intelligibility is very different. For the remainder of this 
section, “clear speech” refers to the speech produced in 
response to the big mouth cue and “loud speech” refers to 
the speech produced by the strong voice cue. This is the 
first study of clear speech in any age group of individuals 
with DS. Clear speech resulted in significantly increased 
intelligibility, decreased speech and articulation rate, 
increased pauses, increased intensity, and increased F0. 
Individual data for most of the adolescents with DS 
included in this study followed these statistical findings 
(see the Appendix). Six out of the eight adolescents 
with DS demonstrated clinically significant intelligibility 
increases in response to the clear speech cue (see Figure 
1). These results are generally consistent with the literature 
involving adults with speech motor impairment (Lam & 
Tjaden, 2016; Park et al., 2016; Stipancic et al., 2022; 
Tjaden et al., 2013; Tjaden, Sussman, & Wilding, 2014) 
and the literature involving children with CP, although 
the intelligibility increases were more consistent in our 
study than previously published work in the CP popula-
tion (Levy et al., 2017). 

Loud speech resulted in significantly increased 
intensity and F0 but did not significantly impact intellig-
ibility, speech and articulation rate, or pauses. Again, 
individual data for most of the adolescents with DS 
included in this study followed these statistical findings 
(see the Appendix). Only two out of the eight adolescents 
with DS, F05DS and F07DS, demonstrated clinically sig-
nificant intelligibility increases in response to the loud 
speech cue (see Figure 1). Significant increases in intensity 
and/or F0 are consistent with the literature involving adults 
with speech motor impairment (Ramig et al., 1995, 2018; 
Sadagopan & Huber, 2007; Stathopoulos et al., 2014; Tjaden 
et al., 2013; Tjaden, Sussman, & Wilding, 2014) and the lit-
erature involving children with CP (Chang et al., 2024; Levy 
et al., 2017; Levy, Moya-Galé, Chang, Campanelli, et al., 
2020). Despite this similarity, adolescents with DS demon-
strated etiology-specific differences in their response to the 
loud speech cue. 

One etiology-specific difference is the lack of mean-
ingful change in intelligibility in response to the loud 
speech cue despite significant increases in intensity and 
F0. Individuals with Parkinson’s disease and multiple scle-
rosis demonstrate significantly increased intelligibility with 
loud speech cues (Levy, Moya-Galé, Chang, Freeman, 
et al., 2020; Schulz et al., 2021; Tjaden et al., 2013;
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Tjaden, Sussman, & Wilding, 2014), although individual 
data are often not reported so it is difficult to examine this 
effect on the individual level. Children with CP seem to be 
less consistent than adults, but typically, at least 40%–50% 
of a given sample demonstrates clinically significant 
increases in intelligibility in response to loud speech cues 
regardless of language spoken (Chang et al., 2024; Levy 
et al., 2017; Levy, Moya-Galé, Chang, Campanelli, et al., 
2020) as opposed to only 25% of the adolescents with DS 
in this study. 

Another etiology-specific difference between previ-
ously published literature and the current study is the 
impact of loud speech cues on speech and articulation rate 
in adolescents with DS. Adults with speech motor impair-
ment and children with CP demonstrate decreased speech 
and articulation  rate  in  response  to loud speech cues
(Chang et al., 2024; Levy et al., 2017; Levy, Moya-Galé, 
Chang, Campanelli, et al., 2020; Levy, Moya-Galé, Chang, 
Freeman, et al., 2020; Tjaden, Sussman, & Wilding, 2014), 
but the adolescents with DS in this study did not. This null 
result is a potential explanation for the lack of meaningful 
intelligibility change. Speech rate, articulation rate, and 
pausing were the only variables significantly related to 
intelligibility in adolescents with DS, and speech rate was 
the only one of the three to significantly explain some of 
the variance in intelligibility. 

It could also be hypothesized that the reason behind 
our lack of meaningful change in intelligibility using the 
loud speech cue is that intensity and F0 were not actually 
impaired in our participants. Comparing the mean data 
from this study with other studies involving typically 
developing adolescents reveal little to no mean differences 
in intensity or F0 (see Smiljanic & Gilbert, 2017a). While 
this is important to note, typically developing individuals 
across the lifespan as well as adults with speech motor 
impairment who do not demonstrate atypical intensity 
and F0 consistently demonstrate increased intelligibility 
when using loud speech cues (Lam & Tjaden, 2016; Smiljanic 
& Gilbert, 2017b; Tjaden et al., 2013; Tjaden, Sussman, & 
Wilding, 2014). Furthermore, our results mirror the results 
from the treatment articles examining LSVT LOUD in 
young children with DS, even though the children with 
DS in those studies did have atypical intensity and F0. 
LSVT LOUD did not result in statistically or clinically 
significant increases in intelligibility, and individual chil-
dren with DS who demonstrated increases in intensity 
and F0 did not necessarily demonstrate improvements 
in intelligibility (Boliek et al., 2022; Langlois et al., 2020). 
Our results also support data from adults with and without 
Parkinson’s disease that indicate changes in intensity are 
not necessarily associated with significant improvement in 
intelligibility, especially once audibility is controlled (Kim 
& Kuo, 2012; Neel, 2009). A stronger hypothesis that could 
Darling-White &
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explain these data is that the expected upstream effects of 
increased intensity (Traunmüller & Eriksson, 2000), such as 
formant frequency shifts and spectral changes, either are 
not exhibited or do not impact intelligibility in the same 
way in adolescents with DS. This is supported by the fact 
that intensity itself was controlled by amplitude normaliza-
tion and, thus, not an available cue for listeners. 

The question of which variables make the most dif-
ference in intelligibility ratings for adolescents with DS 
must still be explored. Speech rate only accounted for 
3.7% of the variance of intelligibility in adolescents with 
DS, leaving a large portion of the variance in intelligibility 
ratings unexplained. It is difficult to place these results in 
context given the lack of previously published cueing and 
treatment literature in the DS population. The treatment 
work available in the DS population has not examined 
the extent to which any of the dependent variables 
impacted the intelligibility results. There has been one study 
that examined how different acoustic and perceptual fea-
tures contributed to intelligibility in adolescents with DS. 
Lower intelligibility was significantly associated with across-
the-board phonemic and phonetic errors, slow articulation 
rate and/or increased pause time (i.e., speech rate), inappro-
priate prosody, and atypical voice quality (Wilson et al., 
2019b). Speech rate is, thus, a consistent factor associated 
with intelligibility in adolescents with DS. It is counterintui-
tive to want to slow speech rate in an adolescent with DS if 
slow speech rate is related to low intelligibility. However, 
slowing speech rate in the clear speech condition contrib-
uted to increased speech intelligibility in this study. There-
fore, the acoustic features that contribute to an individual 
exhibiting low intelligibility in a habitual condition are not 
necessarily the features that can predict success in interven-
tion, emphasizing the importance of adding this type of 
analysis to future cueing and treatment work. 

Taken together, these results preliminarily indicate 
that clear speech cues are superior to loud speech cues in 
terms of increasing intelligibility for adolescents with DS. 
Clear speech resulted in statistically and clinically larger 
increases in intelligibility than loud speech. Even the two 
adolescents with DS who responded to the loud speech 
cue with clinically significant increases in intelligibility 
exhibited much larger increases in intelligibility in response 
to the clear speech cue (F05DS: 20% increase for big 
mouth vs. 11% increase for strong voice; F07DS: 30% 
increase for big mouth vs. 11% increase for strong voice). 
Clear speech may have been more effective than loud 
speech due to the variety of speech subsystems that were 
impacted. Based on the acoustic changes measured in this 
study, clear speech impacted the respiratory/phonatory 
and articulatory subsystems, while loud speech only 
impacted the respiratory/phonatory subsystem in adoles-
cents with DS. Furthermore, speech rate, the only variable
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that significantly explained some of the variance in intel-
ligibility, is a measure that provides an overall index of 
speech production capability and inherently involves the 
integration of all speech subsystems. Therefore, speech 
intervention designed to improve intelligibility in adoles-
cents with DS must address deficits across multiple speech 
subsystems. 

Limitations and Future Directions 

Additional studies are needed to validate these 
results. This is particularly important, given our small 
sample size, the heterogeneity of the DS population, our 
inclusion of bilingual speakers, the inclusion of only a 
handful of potential acoustic responses to these cues, and 
the way in which we controlled for audibility in the per-
ceptual task (i.e., amplitude normalization). Additionally, 
there were two adolescents in our data set (M02DS and 
F04DS) who demonstrated intelligibility decreases in 
response to the clear and loud speech cues. It is unclear 
why this happened given that these adolescents demon-
strated acoustic changes in line with the statistical findings 
in response to the clear and loud speech cues. Future 
large-scale studies should include physiologic and aerody-
namic measures as well as expand the acoustic measures 
to include variables such as vowel space area and first and 
second formant frequencies in an effort to fully character-
ize the impact of clear and loud speech cues on speech 
production. These variables must then be examined rela-
tive to the contributions to intelligibility. 

Although cueing studies provide important founda-
tional knowledge for the development and implementation 
of treatment protocols, they do not necessarily predict 
long-term changes as a response to any specific protocol. 
There are also many ways to cue clear and loud speech. 
In adults with speech motor impairment, the type of cue 
affects an individual’s response, physiologically, acousti-
cally, and perceptually (Lam & Tjaden, 2013, 2016; Lam 
et al., 2012; Sadagopan & Huber, 2007). Future studies 
should seek to investigate the impact of different types of 
cues for clear and loud speech in large numbers of adoles-
cents with DS in both cueing and treatment studies. 

Cueing studies involving children and adolescents 
with speech motor impairment often rely on repetition 
paradigms in which children and adolescents repeat the 
stimuli following an adult model. Previous studies indicate 
that children with and without speech motor impairment 
modify their speech in a manner independent of an adult 
model (Darling-White & Banks, 2021; Levy et al., 2017). 
Although previous data are limited, data from the current 
study support this finding. For example, sentences pro-
duced by the adult model for the habitual and strong 
voice conditions did not contain any pauses, but every 
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adolescent with DS produced sentences containing pauses 
in both the habitual and strong conditions. Despite this, it 
is possible that exposure to the sentences produced by the 
adult model may have impacted adolescents’ responses. In 
this study, sentences produced by the adult model for the 
big mouth condition were produced using a “big mouth,” 
while sentences produced by the adult model for the 
strong voice condition were produced in a habitual man-
ner, and then intensity was scaled to represent a “strong 
voice.” Thus, sentences produced by the adult model did 
not demonstrate slowed speech and articulation rate in the 
strong voice condition, a commonly observed effect of 
loud speech in adults. Since the adolescents with DS did 
not alter speech and articulate rate in the strong voice 
condition either, future studies involving larger numbers 
of adolescents with DS should be designed to examine the 
impact of an adult model by using sentences produced 
with a “strong voice” in a naturalistic context rather than 
using intensity scaling and/or by using a task that does 
not require the adolescents to repeat an adult model. 

Clinical Implications 

This study contributes meaningfully to the evidence 
base necessary for the development and implementation of 
interventions to improve intelligibility in adolescents with 
DS. When considering these data alongside the available 
intervention literature in DS, as sparse as it is, the follow-
ing clinical conclusions can be made about speech inter-
vention involving adolescents with DS: (a) Clear speech 
cues may be superior to loud speech cues for increasing 
intelligibility, (b) speech intervention must address deficits 
across multiple speech subsystems to increase intelligibil-
ity, (c) speech rate reduction may be a critical component 
of speech intervention designed to increase intelligibility, 
and (d) adolescents with DS respond differently than 
adults with speech motor impairment and children with 
CP to the same types of speech cues and likely require 
etiology-specific intervention strategies. 
Data Availability Statement 

The data supporting the conclusions of this article 
can be found in the tables, figures, and Appendix. Any 
further data requests should be made to the corresponding 
author, Meghan Darling-White. 
Acknowledgments 

Research reported in this publication was supported 
by start-up funds given to the first author by the Univer-
sity of Arizona. The content is solely the responsibility of
•–217 January 2025

2/2025, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



the authors and does not necessarily reflect the official 
views of the University of Arizona. The authors would 
like to thank the adolescents and their families who partic-
ipated in this research as well as the graduate and under-
graduate students at the University of Arizona who 
assisted with data collection. Particular thanks go to Sarah 
Laitin for her help with data analysis, Brad Story for his 
assistance with programs related to the acoustic and intel-
ligibility data, Adam Brokamp for his assistance with pro-
grams related to the intelligibility data, and Kate Bunton 
for help editing early drafts of this article. 
References 

Allison, K. M., & Hustad, K. C. (2018a). Acoustic predictors of 
pediatric dysarthria in cerebral palsy. Journal of Speech, Lan-
guage, and Hearing Research, 61(3), 462–478. https://doi.org/ 
10.1044/2017_JSLHR-S-16-0414 

Allison, K. M., & Hustad, K. C. (2018b). Data-driven classifica-
tion of dysarthria profiles in children with cerebral palsy. 
Journal of Speech, Language, and Hearing Research, 61(12), 
2837–2853. https://doi.org/10.1044/2018_JSLHR-S-17-0356 

Boersma, P., & Weenink, D. (2016). Praat (Version 6.0.23) [Com-
puter software]. Phonetic Sciences, University of Amsterdam. 
http://www.praat.org/ 

Boliek, C. A., Halpern, A., Hernandez, K., Fox, C. M., & Ramig, L. 
(2022). Intensive voice treatment (Lee Silverman Voice Treat-
ment [LSVT LOUD]) for children with Down syndrome: Phase 
I outcomes. Journal of Speech, Language, and Hearing Research, 
65(4), 1228–1262. https://doi.org/10.1044/2021_JSLHR-21-00228 

Borrie, S. A., Lansford, K. L., & Barrett, T. S. (2017). General-
ized adaptation to dysarthric speech. Journal of Speech, Lan-
guage, and Hearing Research, 60(11), 3110–3117. https://doi. 
org/10.1044/2017_JSLHR-S-17-0127 

Chang, Y. M., Jeong, P.-Y., Hwang, K. H., Ihn, B.-Y., 
McAuliffe, M. J., Sim, H., & Levy, E. S. (2024). Effects of 
speech cues on acoustics and intelligibility of Korean-speaking 
children with cerebral palsy. Journal of Speech, Language, and 
Hearing Research, 67(9), 2856–2871. https://doi.org/10.1044/ 
2024_JSLHR-23-00457 

Cleland, J., Timmins, C., Wood, S. E., Hardcastle, W. J., & 
Wishart, J. G. (2009). Electropalatographic therapy for chil-
dren and young people with Down’s syndrome. Clinical Lin-
guistics & Phonetics, 23(12), 926–939. https://doi.org/10.3109/ 
02699200903061776 

Connaghan, K. P., Baylor, C., Romanczyk, M., Rickwood, J., & 
Bedell, G. (2022). Communication and social interaction expe-
riences of youths with congenital motor speech disorders. 
American Journal of Speech-Language Pathology, 31(6), 2609– 
2627. https://doi.org/10.1044/2022_AJSLP-22-00034 

Danhauer, L. A., & Fidler, D. J. (2011). The Down syndrome 
behavioral phenotype: Implications for practice and research in 
occupational therapy. Occupational Therapy in Health Care, 
25(1), 7–25. https://doi.org/10.3109/07380577.2010.535601 

Darley, F. L., Aronson, A. E., & Brown, J. R. (1969a). Clusters 
of deviant speech dimensions in the dysarthrias. Journal of 
Speech, Language, and Hearing Research, 12(3), 462–496. 
https://doi.org/10.1044/jshr.1203.462 

Darley, F. L., Aronson, A. E., & Brown, J. R. (1969b). Differen-
tial diagnostic patterns of dysarthria. Journal of Speech and 
Darling-White &

Downloaded from: https://pubs.asha.org University of Arizona - Library on 01/2
Hearing Research, 12(2), 246–269. https://doi.org/10.1044/jshr. 
1202.246 

Darling-White, M., & Banks, S. W. (2021). Speech rate varies 
with sentence length in typically developing children. Journal 
of Speech, Language, and Hearing Research, 64(6S), 2385– 
2391. https://doi.org/10.1044/2020_JSLHR-20-00276 

Darling-White, M., & Jaeger, A. (2023). Differential impacts of 
sentence length on speech rate in two groups of children with 
neurodevelopmental disorders. American Journal of Speech-
Language Pathology, 32(3), 1083–1098. https://doi.org/10. 
1044/2022_AJSLP-22-00209 

Darling-White, M., & Polkowitz, R. (2023). Sentence length effects 
on intelligibility in two groups of older children with neurodevelop-
mental disorders. American Journal of Speech-Language Pathology, 
32(5), 2297–2310. https://doi.org/10.1044/2023_AJSLP-23-00093 

Dolva, A. S., Kollstad, M., & Kleiven, J. (2019). Friendships and 
patterns of social leisure participation among Norwegian ado-
lescents with Down syndrome. Journal of Applied Research in 
Intellectual Disabilities, 32(5), 1184–1193. https://doi.org/10. 
1111/jar.12609 

Duffy, J. R. (2020). Motor speech disorders: Substrates, differen-
tial diagnosis, and management (4th ed.). Elsevier. 

Edgin, J. O., Kumar, A., Spanò, G., & Nadel, L. (2011). Neuro-
psychological effects of second language exposure in Down 
syndrome. Journal of Intellectual Disability Research, 55(3), 
351–356. https://doi.org/10.1111/j.1365-2788.2010.01362.x 

Ferguson, S. H., & Kewley-Port, D. (2002). Vowel intelligibility in 
clear and conversational speech for normal-hearing and hearing-
impaired listeners. The Journal of the Acoustical Society of 
America, 112(1), 259–271. https://doi.org/10.1121/1.1482078 

Grosjean, F. (1992). Another view of bilingualism. In R. J. 
Harris (Ed.), Advances in psychology (Vol. 83, pp. 51–62). 
Elsevier. https://doi.org/10.1016/S0166-4115(08)61487-9 

Hodge, M. M., & Daniels, J. (2009). TOCS+ intelligibility measures 
(Version 5.3) [Computer software]. University of Alberta. 

Hodge, M. M., & Gotzke, C. L. (2010). Stability of intelligibility 
measures for children with dysarthria and cerebral palsy. 
Journal of Medical Speech-Language Pathology, 18(4), 61–65. 

Hodge, M. M., & Wellman, L. (1999). Management of children 
with dysarthria. In A. J. Caruso & E. A. Strand (Eds.), Clini-
cal management of motor speech disorders in children (pp. 
209–280). Thieme. 

Hustad, K. C., Gorton, K., & Lee, J. (2010). Classification of 
speech and language profiles in 4-year-old children with cere-
bral palsy: A prospective preliminary study. Journal of 
Speech, Language, and Hearing Research, 53(6), 1496–1513. 
https://doi.org/10.1044/1092-4388(2010/09-0176) 

Jiao, Y., LaCross, A., Berisha, V., & Liss, J. (2019). Objective 
intelligibility assessment by automated segmental and supra-
segmental listening error analysis. Journal of Speech, Lan-
guage, and Hearing Research, 62(9), 3359–3366. https://doi. 
org/10.1044/2019_JSLHR-S-19-0119 

Jones, H. N., Crisp, K. D., Kuchibhatla, M., Mahler, L., Risoli, T., 
Jr., Jones, C. W., & Kishnani, P. (2019). Auditory-perceptual 
speech features in children with Down syndrome. American 
Journal on Intellectual and Developmental Disabilities, 124(4), 
324–338. https://doi.org/10.1352/1944-7558-124.4.324 

Jose, P. E., Ryan, N., & Pryor, J. (2012). Does social connected-
ness promote a greater sense of well-being in adolescence over 
time? Journal of Research on Adolescence, 22(2), 235–251. 
https://doi.org/10.1111/j.1532-7795.2012.00783.x 

Kay-Raining Bird, E., Cleave, P., Trudeau, N., Thordardottir, E., 
Sutton, A., & Thorpe, A. (2005). The language abilities of 
bilingual children with Down syndrome. American Journal of
McHugh: Clear and Loud Speech Cues in Down Syndrome 213

2/2025, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

https://doi.org/10.1044/2017_JSLHR-S-16-0414
https://doi.org/10.1044/2017_JSLHR-S-16-0414
https://doi.org/10.1044/2018_JSLHR-S-17-0356
http://www.praat.org/
https://doi.org/10.1044/2021_JSLHR-21-00228
https://doi.org/10.1044/2017_JSLHR-S-17-0127
https://doi.org/10.1044/2017_JSLHR-S-17-0127
https://doi.org/10.1044/2024_JSLHR-23-00457
https://doi.org/10.1044/2024_JSLHR-23-00457
https://doi.org/10.3109/02699200903061776
https://doi.org/10.3109/02699200903061776
https://doi.org/10.1044/2022_AJSLP-22-00034
https://doi.org/10.3109/07380577.2010.535601
https://doi.org/10.1044/jshr.1203.462
https://doi.org/10.1044/jshr.1202.246
https://doi.org/10.1044/jshr.1202.246
https://doi.org/10.1044/2020_JSLHR-20-00276
https://doi.org/10.1044/2022_AJSLP-22-00209
https://doi.org/10.1044/2022_AJSLP-22-00209
https://doi.org/10.1044/2023_AJSLP-23-00093
https://doi.org/10.1111/jar.12609
https://doi.org/10.1111/jar.12609
https://doi.org/10.1111/j.1365-2788.2010.01362.x
https://doi.org/10.1121/1.1482078
https://doi.org/10.1016/S0166-4115(08)61487-9
https://doi.org/10.1044/1092-4388(2010/09-0176)
https://doi.org/10.1044/2019_JSLHR-S-19-0119
https://doi.org/10.1044/2019_JSLHR-S-19-0119
https://doi.org/10.1352/1944-7558-124.4.324
https://doi.org/10.1111/j.1532-7795.2012.00783.x


Speech-Language Pathology, 14(3), 187–199. https://doi.org/ 
10.1044/1058-0360(2005/019) 

Kay-Raining Bird, E., Genesee, F., & Verhoeven, L. (2016). Bilin-
gualism in children with developmental disorders: A narrative 
review. Journal of Communication Disorders, 63, 1–14. https:// 
doi.org/10.1016/j.jcomdis.2016.07.003 

Kent, R. D., Eichhorn, J., Wilson, E. M., Suk, Y., Bolt, D. M., & 
Vorperian, H. K. (2021). Auditory-perceptual features of speech 
in children and adults with Down syndrome: A speech profile 
analysis. Journal of Speech, Language, and Hearing Research, 
64(4), 1157–1175. https://doi.org/10.1044/2021_JSLHR-20-00617 

Kent, R. D., Kent, J. F., Weismer, G., Martin, R. E., Sufit, R. L., 
Brooks, B. R., & Rosenbek, J. C. (1989). Relationships between 
speech intelligibility and the slope of second-formant transi-
tions in dysarthric subjects. Clinical Linguistics & Phonetics, 
3(4), 347–358. https://doi.org/10.3109/02699208908985295 

Kent, R. D., & Vorperian, H. K. (2013). Speech impairment in 
Down syndrome: A review. Journal of Speech, Language, and 
Hearing Research, 56(1), 178–210. https://doi.org/10.1044/ 
1092-4388(2012/12-0148) 

Kim, Y., Kent, R. D., & Weismer, G. (2011). An acoustic study 
of the relationships among neurologic disease, dysarthria type, 
and severity of dysarthria. Journal of Speech, Language, and 
Hearing Research, 54(2), 417–429. https://doi.org/10.1044/ 
1092-4388(2010/10-0020) 

Kim, Y., & Kuo, C. (2012). Effect of level of presentation to lis-
teners on scaled speech intelligibility of speakers with dysar-
thria. Folia Phoniatrica et Logopaedica, 64(1), 26–33. https:// 
doi.org/10.1159/000328642 

Kovacs, S., & Darling-White, M. (2022). A descriptive study of 
speech breathing in children with cerebral palsy during two 
types of connected speech tasks. Journal of Speech, Language, 
and Hearing Research, 65(12), 4557–4576. https://doi.org/10. 
1044/2022_JSLHR-22-00295 

Kumin, L. (2006). Speech intelligibility and childhood verbal 
apraxia in children with Down syndrome. Down Syndrome 
Research and Practice, 10(1), 10–22. 

Lam, J., & Tjaden, K. (2013). Intelligibility of clear speech: Effect of 
instruction. Journal of Speech, Language, and Hearing Research, 
56(5), 1429–1440. https://doi.org/10.1044/1092-4388(2013/12-0335) 

Lam, J., & Tjaden, K. (2016). Clear speech variants: An acoustic 
study in Parkinson’s disease. Journal of Speech, Language, 
and Hearing Research, 59(4), 631–646. https://doi.org/10.1044/ 
2015_JSLHR-S-15-0216 

Lam, J., Tjaden, K., & Wilding, G. (2012). Acoustics of clear 
speech: Effect of instruction. Journal of Speech, Language, 
and Hearing Research, 55(6), 1807–1821. https://doi.org/10. 
1044/1092-4388(2012/11-0154) 

Langlois, C., Tucker, B. V., Sawatzky, A. N., Reed, A., & Boliek, 
C. A. (2020). Effects of an intensive voice treatment on articu-
latory function and speech intelligibility in children with 
motor speech disorders: A phase one study. Journal of Com-
munication Disorders, 86, Article 106003. https://doi.org/10. 
1016/j.jcomdis.2020.106003 

Lansford, K. L., Borrie, S. A., & Bystricky, L. (2016). Use of 
crowdsourcing to assess the ecological validity of perceptual-
training paradigms in dysarthria. American Journal of Speech-
Language Pathology, 25(2), 233–239. https://doi.org/10.1044/ 
2015_AJSLP-15-0059 

Levy, E. S., Chang, Y. M., Ancelle, J. A., & McAuliffe, M. J. 
(2017). Acoustic and perceptual consequences of speech cues 
for children with dysarthria. Journal of Speech, Language, and 
Hearing Research, 60(6S), 1766–1779. https://doi.org/10.1044/ 
2017_JSLHR-S-16-0274 
• •214 American Journal of Speech-Language Pathology Vol. 34 201

Downloaded from: https://pubs.asha.org University of Arizona - Library on 01/2
Levy, E. S., Chang, Y. M., Hwang, K., & McAuliffe, M. J. 
(2021). Perceptual and acoustic effects of dual-focus speech 
treatment in children with dysarthria. Journal of Speech, Lan-
guage, and Hearing Research, 64(6S), 2301–2316. https://doi. 
org/10.1044/2020_JSLHR-20-00301 

Levy, E. S., Moya-Galé, G., Chang, Y. H. M., Freeman, K., 
Forrest, K., Brin, M. F., & Ramig, L. A. (2020). The effects of 
intensive speech treatment on intelligibility in Parkinson’s dis-
ease: A randomised controlled trial. eClinicalMedicine, 24, 
Article 100429. https://doi.org/10.1016/j.eclinm.2020.100429 

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 dysar-
thria. International Journal of Language & Communication 
Disorders, 55(3), 401–416. https://doi.org/10.1111/1460-6984. 
12526 

Lyyra, N., Välimaa, R., & Tynjälä, J. (2018). Loneliness and sub-
jective health complaints among school-aged children. Scandi-
navian Journal of Public Health, 46(Suppl. 20), 87–93. https:// 
doi.org/10.1177/1403494817743901 

McAllister Byun, T. (2017). Efficacy of visual–acoustic biofeed-
back intervention for residual rhotic errors: A single-subject 
randomization study. Journal of Speech, Language, and Hear-
ing Research, 60(5), 1175–1193. https://doi.org/10.1044/2016_ 
JSLHR-S-16-0038 

McAllister Byun, T., Halpin, P. F., & Szeredi, D. (2015). Online 
crowdsourcing for efficient rating of speech: A validation 
study. Journal of Communication Disorders, 53, 70–83. https:// 
doi.org/10.1016/j.jcomdis.2014.11.003 

McAllister Byun, T., Harel, D., Halpin, P. F., & Szeredi, D. 
(2016). Deriving gradient measures of child speech from 
crowdsourced ratings. Journal of Communication Disorders, 
64, 91–102. https://doi.org/10.1016/j.jcomdis.2016.07.001 

Meyer, C., Theodoros, D., & Hickson, L. (2017). Management of 
swallowing and communication difficulties in Down syn-
drome: A survey of speech-language pathologists. Interna-
tional Journal of Speech-Language Pathology, 19(1), 87–98. 
https://doi.org/10.1080/17549507.2016.1221454 

Natzke, P., Sakash, A., Mahr, T., & Hustad, K. C. (2020). Mea-
suring speech production development in children with cere-
bral palsy between 6 and 8 years of age: Relationships among 
measures. Language, Speech, and Hearing Services in Schools, 
51(3), 882–896. https://doi.org/10.1044/2020_LSHSS-19-00102 

Neel, A. T. (2009). Effects of loud and amplified speech on sen-
tence and word intelligibility in Parkinson disease. Journal of 
Speech, Language, and Hearing Research, 52(4), 1021–1033. 
https://doi.org/10.1044/1092-4388(2008/08-0119) 

Nightengale, E., Yoon, P., Wolter-Warmerdam, K., Daniels, D., & 
Hickey, F. (2017). Understanding hearing and hearing loss in 
children with Down syndrome. American Journal of Audiology, 
26(3), 301–308. https://doi.org/10.1044/2017_AJA-17-0010 

Nightingale, C., Swartz, M., Ramig, L. O., & McAllister, T. 
(2020). Using crowdsourced listeners’ ratings to measure 
speech changes in hypokinetic dysarthria: A proof-of-concept 
study. American Journal of Speech-Language Pathology, 29(2), 
873–882. https://doi.org/10.1044/2019_AJSLP-19-00162 

Paradis, J., Genesee, F., & Crago, M. (2021). Dual language 
development & disorders: A handbook on bilingualism & second 
language learning (3rd ed.). Brookes. 

Park, S., Theodoros, D., Finch, E., & Cardell, E. (2016). Be 
clear: A new intensive speech treatment for adults with non-
progressive dysarthria. American Journal of Speech-Language 
Pathology, 25(1), 97–110. https://doi.org/10.1044/2015_AJSLP-
14-0113
•–217 January 2025

2/2025, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

https://doi.org/10.1044/1058-0360(2005/019)
https://doi.org/10.1044/1058-0360(2005/019)
https://doi.org/10.1016/j.jcomdis.2016.07.003
https://doi.org/10.1016/j.jcomdis.2016.07.003
https://doi.org/10.1044/2021_JSLHR-20-00617
https://doi.org/10.3109/02699208908985295
https://doi.org/10.1044/1092-4388(2012/12-0148)
https://doi.org/10.1044/1092-4388(2012/12-0148)
https://doi.org/10.1044/1092-4388(2010/10-0020)
https://doi.org/10.1044/1092-4388(2010/10-0020)
https://doi.org/10.1159/000328642
https://doi.org/10.1159/000328642
https://doi.org/10.1044/2022_JSLHR-22-00295
https://doi.org/10.1044/2022_JSLHR-22-00295
https://doi.org/10.1044/1092-4388(2013/12-0335)
https://doi.org/10.1044/2015_JSLHR-S-15-0216
https://doi.org/10.1044/2015_JSLHR-S-15-0216
https://doi.org/10.1044/1092-4388(2012/11-0154)
https://doi.org/10.1044/1092-4388(2012/11-0154)
https://doi.org/10.1016/j.jcomdis.2020.106003
https://doi.org/10.1016/j.jcomdis.2020.106003
https://doi.org/10.1044/2015_AJSLP-15-0059
https://doi.org/10.1044/2015_AJSLP-15-0059
https://doi.org/10.1044/2017_JSLHR-S-16-0274
https://doi.org/10.1044/2017_JSLHR-S-16-0274
https://doi.org/10.1044/2020_JSLHR-20-00301
https://doi.org/10.1044/2020_JSLHR-20-00301
https://doi.org/10.1016/j.eclinm.2020.100429
https://doi.org/10.1111/1460-6984.12526
https://doi.org/10.1111/1460-6984.12526
https://doi.org/10.1177/1403494817743901
https://doi.org/10.1177/1403494817743901
https://doi.org/10.1044/2016_JSLHR-S-16-0038
https://doi.org/10.1044/2016_JSLHR-S-16-0038
https://doi.org/10.1016/j.jcomdis.2014.11.003
https://doi.org/10.1016/j.jcomdis.2014.11.003
https://doi.org/10.1016/j.jcomdis.2016.07.001
https://doi.org/10.1080/17549507.2016.1221454
https://doi.org/10.1044/2020_LSHSS-19-00102
https://doi.org/10.1044/1092-4388(2008/08-0119)
https://doi.org/10.1044/2017_AJA-17-0010
https://doi.org/10.1044/2019_AJSLP-19-00162
https://doi.org/10.1044/2015_AJSLP-14-0113
https://doi.org/10.1044/2015_AJSLP-14-0113


Pebbili, G. K., Kashyap, R., Rashmi, J., Karike, A., & Navya, A. 
(2021). Laryngeal aerodynamic analysis of glottal valving in 
children with Down syndrome. Journal of Voice, 35(1), 156. 
e15–156.e21. https://doi.org/10.1016/j.jvoice.2019.05.011 

Pennington, L., Parker, N. K., Kelly, H., & Miller, N. (2016). Speech 
therapy for children with dysarthria acquired before three years 
of age. Cochrane Database of Systematic Reviews, 7(7), Article 
CD006937. https://doi.org/10.1002/14651858.CD006937.pub3 

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(5), 464–471. https://doi.org/10.1111/dmcn.12098 

Ramig, L., Halpern, A., Spielman, J., Fox, C., & Freeman, K. 
(2018). Speech treatment in Parkinson’s disease: Randomized 
controlled trial (RCT). Movement Disorders, 33(11), 1777– 
1791. https://doi.org/10.1002/mds.27460 

Ramig, L. O., Countryman, S., Thompson, L. L., & Horii, Y. 
(1995). Comparison of two forms of intensive speech treat-
ment for Parkinson disease. Journal of Speech, Language, and 
Hearing Research, 38(6), 1232–1251. https://doi.org/10.1044/ 
jshr.3806.1232 

Rodrigues, M., Nunes, J., Figueiredo, S., Martins de Campos, A., 
& Geraldo, A. F. (2019). Neuroimaging assessment in Down 
syndrome: A pictorial review. Insights Into Imaging, 10(1), 
Article 52. https://doi.org/10.1186/s13244-019-0729-3 

Rvachew, S., & Folden, M. (2018). Speech therapy in adolescents 
with Down syndrome: In pursuit of communication as a fun-
damental human right. International Journal of Speech-
Language Pathology, 20(1), 75–83. https://doi.org/10.1080/ 
17549507.2018.1392605 

Sadagopan, N., & Huber, J. E. (2007). Effects of loudness cues on 
respiration in individuals with Parkinson’s disease. Movement 
Disorders, 22(5), 651–659. https://doi.org/10.1002/mds.21375 

Schulz, G., Halpern, A., Spielman, J., Ramig, L., Panzer, I., 
Sharpley, A., & Freeman, K. (2021). Single word intelligibility 
of individuals with Parkinson’s disease in noise: Pre-specified 
secondary outcome variables from a randomized control trial 
(RCT) comparing two intensive speech treatments (LSVT 
LOUD vs. LSVT ARTIC). Brain Sciences, 11(7), Article 857. 
https://doi.org/10.3390/brainsci11070857 

Sforza, C., Dellavia, C., Allievi, C., Tommasi, D. G., & Ferrario, 
V. F. (2012). Anthropometric indices of facial features in 
Down’s syndrome subjects. In V. R. Preedy (Ed.), Handbook 
of anthropometry: Physical measures of human form in health 
and disease (pp. 1603–1618). Springer. https://doi.org/10.1007/ 
978-1-4419-1788-1_98 

Smiljanic, R., & Gilbert, R. C. (2017a). Acoustics of clear and 
noise-adapted speech in children, young, and older adults. 
Journal of Speech, Language, and Hearing Research, 60(11), 
3081–3096. https://doi.org/10.1044/2017_JSLHR-S-16-0130 

Smiljanic, R., & Gilbert, R. C. (2017b). Intelligibility of noise-
adapted and clear speech in child, young adult, and older adult 
talkers. Journal of Speech, Language, and Hearing Research, 
60(11), 3069–3080. https://doi.org/10.1044/2017_JSLHR-S-16-0165 

Sparrow, S. S., Cicchetti, D. V., & Saulneir, C. A. (2016). Vine-
land Adaptive Behavior Scales–Third Edition. Pearson. 

Stathopoulos, E. T., Huber, J. E., Richardson, K., Kamphaus, J., 
DeCicco, D., Darling, M., Fulcher, K., & Sussman, J. E. 
(2014). Increased vocal intensity due to the Lombard effect in 
speakers with Parkinson’s disease: Simultaneous laryngeal and 
respiratory strategies. Journal of Communication Disorders, 
48, 1–17. https://doi.org/10.1016/j.jcomdis.2013.12.001 

Stickley, A., Koyanagi, A., Koposov, R., Blatný, M., Hrdlička, M., 
Schwab-Stone, M., & Ruchkin, V. (2016). Loneliness and its 
Darling-White &

Downloaded from: https://pubs.asha.org University of Arizona - Library on 01/2
association with psychological and somatic health problems 
among Czech, Russian and U.S. adolescents. BMC Psychiatry, 
16, Article 128. https://doi.org/10.1186/s12888-016-0829-2 

Stipancic, K. L., & Tjaden, K. (2022). Minimally detectable 
change of speech intelligibility in speakers with multiple scle-
rosis and Parkinson’s disease. Journal of Speech, Language, 
and Hearing Research, 65(5), 1858–1866. https://doi.org/10. 
1044/2022_JSLHR-21-00648 

Stipancic, K. L., van Brenk, F., Kain, A., Wilding, G., & Tjaden, 
K. (2022). Clear speech variants: An investigation of intellig-
ibility and speaker effort in speakers with Parkinson’s disease. 
American Journal of Speech-Language Pathology, 31(6), 2789– 
2805. https://doi.org/10.1044/2022_AJSLP-22-00189 

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(11), 2757– 
2771. https://doi.org/10.1044/2018_JSLHR-S-17-0366 

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(3), 
441–461. https://doi.org/10.1044/2017_JSLHR-S-17-0095 

Tillinger, M. (2013). The influence of family and friends on well-
being for children and adolescents with developmental disabil-
ities [Unpublished doctoral dissertation]. Boston College. 

Tjaden, K., Kain, A., & Lam, J. (2014). Hybridizing conversa-
tional and clear speech to investigate the source of increased 
intelligibility in speakers with Parkinson’s disease. Journal of 
Speech, Language, and Hearing Research, 57(4), 1191–1205. 
https://doi.org/10.1044/2014_JSLHR-S-13-0086 

Tjaden, K., Richards, E., Kuo, C., Wilding, G., & Sussman, J. 
(2013). Acoustic and perceptual consequences of clear and 
loud speech. Folia Phoniatrica et Logopaedica, 65(4), 214–220. 
https://doi.org/10.1159/000355867 

Tjaden, K., Sussman, J. E., & Wilding, G. E. (2014). Impact of 
clear, loud, and slow speech on scaled intelligibility and 
speech severity in Parkinson’s disease and multiple sclerosis. 
Journal of Speech, Language, and Hearing Research, 57(3), 
779–792. https://doi.org/10.1044/2014_JSLHR-S-12-0372 

Traunmüller, H., & Eriksson, A. (2000). Acoustic effects of varia-
tion in vocal effort by men, women, and children. The Journal 
of the Acoustical Society of America, 107(6), 3438–3451. 
https://doi.org/10.1121/1.429414 

Whitfield, J. A., & Goberman, A. M. (2014). Articulatory–acous-
tic vowel space: Application to clear speech in individuals 
with Parkinson’s disease. Journal of Communication Disorders, 
51, 19–28. https://doi.org/10.1016/j.jcomdis.2014.06.005 

Whitmire, K. A. (2000). Adolescence as a developmental phase: 
A tutorial.  Topics in Language Disorders, 20(2), 1–14. https:// 
journals.lww.com/topicsinlanguagedisorders/abstract/2000/20020/ 
adolescence_as_a_developmental_phase__a_tutorial.3.aspx 

Wiig, E. H., Semel, E., & Secord, W. A. (2013). Clinical Evalua-
tion of Language Fundamentals–Fifth Edition: CELF-5. Pearson.  

Wilson, E. M., Abbeduto, L., Camarata, S. M., & Shriberg, L. D. 
(2019a). Estimates of the prevalence of speech and motor 
speech disorders in adolescents with Down syndrome. Clinical 
Linguistics & Phonetics, 33(8), 772–789. https://doi.org/10. 
1080/02699206.2019.1595735 

Wilson, E. M., Abbeduto, L., Camarata, S. M., & Shriberg, L. D. 
(2019b). Speech and motor speech disorders and intelligibility 
in adolescents with Down syndrome. Clinical Linguistics & 
Phonetics, 33(8), 790–814. https://doi.org/10.1080/02699206. 
2019.1595736
McHugh: Clear and Loud Speech Cues in Down Syndrome 215

2/2025, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

https://doi.org/10.1016/j.jvoice.2019.05.011
https://doi.org/10.1002/14651858.CD006937.pub3
https://doi.org/10.1111/dmcn.12098
https://doi.org/10.1002/mds.27460
https://doi.org/10.1044/jshr.3806.1232
https://doi.org/10.1044/jshr.3806.1232
https://doi.org/10.1186/s13244-019-0729-3
https://doi.org/10.1080/17549507.2018.1392605
https://doi.org/10.1080/17549507.2018.1392605
https://doi.org/10.1002/mds.21375
https://doi.org/10.3390/brainsci11070857
https://doi.org/10.1007/978-1-4419-1788-1_98
https://doi.org/10.1007/978-1-4419-1788-1_98
https://doi.org/10.1044/2017_JSLHR-S-16-0130
https://doi.org/10.1044/2017_JSLHR-S-16-0165
https://doi.org/10.1016/j.jcomdis.2013.12.001
https://doi.org/10.1186/s12888-016-0829-2
https://doi.org/10.1044/2022_JSLHR-21-00648
https://doi.org/10.1044/2022_JSLHR-21-00648
https://doi.org/10.1044/2022_AJSLP-22-00189
https://doi.org/10.1044/2018_JSLHR-S-17-0366
https://doi.org/10.1044/2017_JSLHR-S-17-0095
https://doi.org/10.1044/2014_JSLHR-S-13-0086
https://doi.org/10.1159/000355867
https://doi.org/10.1044/2014_JSLHR-S-12-0372
https://doi.org/10.1121/1.429414
https://doi.org/10.1016/j.jcomdis.2014.06.005
https://journals.lww.com/topicsinlanguagedisorders/abstract/2000/20020/adolescence_as_a_developmental_phase__a_tutorial.3.aspx
https://journals.lww.com/topicsinlanguagedisorders/abstract/2000/20020/adolescence_as_a_developmental_phase__a_tutorial.3.aspx
https://journals.lww.com/topicsinlanguagedisorders/abstract/2000/20020/adolescence_as_a_developmental_phase__a_tutorial.3.aspx
https://doi.org/10.1080/02699206.2019.1595735
https://doi.org/10.1080/02699206.2019.1595735
https://doi.org/10.1080/02699206.2019.1595736
https://doi.org/10.1080/02699206.2019.1595736


Wood, S., Wishart, J., Hardcastle, W., Cleland, J., & Timmins, 
C. (2009). The use of electropalatography (EPG) in the assess-
ment and treatment of motor speech disorders in children 
with Down’s syndrome: Evidence from two case studies. 
Developmental Neurorehabilitation, 12(2), 66–75. https://doi. 
org/10.1080/17518420902738193 

Yoder, P. J., & Warren, S. F. (2002). Effects of prelinguistic 
milieu teaching and parent responsivity education on dyads 
• •216 American Journal of Speech-Language Pathology Vol. 34 201

Downloaded from: https://pubs.asha.org University of Arizona - Library on 01/2
involving children with intellectual disabilities. Journal of 
Speech, Language, and Hearing Research, 45(6), 1158–1174. 
https://doi.org/10.1044/1092-4388(2002/094) 

Ziegler, W., Lehner, K., &  KommPaS Study Group. (2021). 
Crowdsourcing as a tool in the clinical assessment of intellig-
ibility in dysarthria: How to deal with excessive variation. 
Journal of Communication Disorders, 93, Article 106135. 
https://doi.org/10.1016/j.jcomdis.2021.106135
•–217 January 2025

2/2025, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

https://doi.org/10.1080/17518420902738193
https://doi.org/10.1080/17518420902738193
https://doi.org/10.1044/1092-4388(2002/094)
https://doi.org/10.1016/j.jcomdis.2021.106135


Appendix 

Individual Means (Standard Deviations) for Each Dependent Measure by Condition 

Participant Condition 
Intelligibility 

(%) 
Speech rate 

(syll/s) 
Articulation 
rate (syll/s) Pausing SPL (dB) F0 (Hz) 

F01DS Habitual 77.66 (6.03) 3.23 (0.80) 3.32 (0.78) 0.03 (0.06) 80.65 (1.89) 208 (11.16) 

Big mouth 93.47 (4.72) 2.08 (0.54) 2.38 (0.59) 0.13 (0.08) 89.38 (1.89) 238.44 (8.84) 

Strong voice 84.62 (5.67) 2.98 (0.43) 3.08 (0.41) 0.03 (0.05) 91.82 (2.47) 263.82 (40.98) 

M02DS Habitual 74.72 (6.82) 3.11 (0.71) 3.32 (0.74) 0.06 (0.07) 82.35 (2.47) 177.09 (9.64) 

Big mouth 72.28 (7.22) 1.22 (0.35) 1.70 (0.39) 0.28 (0.11) 89.68 (4.56) 191.24 (9.22) 

Strong voice 64.97 (6.79) 3.16 (0.94) 3.65 (0.90) 0.14 (0.11) 93.74 (2.87) 191.15 (15.41) 

F03DS Habitual 42.08 (6.13) 3.66 (0.62) 3.70 (0.62) 0.01 (0.03) 77.76 (1.42) 173.12 (6.80) 

Big mouth 59.64 (13.85) 1.99 (0.38) 2.39 (0.50) 0.16 (0.09) 79.38 (2.19) 172.32 (7.79) 

Strong voice 48.59 (6.69) 3.51 (0.81) 3.58 (0.77) 0.02 (0.07) 85.24 (7.89) 183.47 (7.89) 

F04DS Habitual 47.42 (4.38) 2.11 (0.58) 2.34 (0.49) 0.10 (0.13) 76.62 (1.56) 222.56 (41.32) 

Big mouth 42.47 (3.94) 1.81 (0.44) 2.16 (0.46) 0.16 (0.11) 87.09 (2.52) 246.32 (17.86) 

Strong voice 37.67 (4.81) 2.44 (0.57) 2.50 (0.57) 0.03 (0.04) 87.24 (2.61) 248.58 (16.65) 

F05DS Habitual 73.91 (11.43) 2.87 (0.73) 2.99 (0.62) 0.05 (0.09) 78.06 (2.01) 208.18 (22.25) 

Big mouth 93.47 (3.53) 2.23 (0.48) 2.39 (0.54) 0.06 (0.08) 85.41 (2.55) 211.21 (7.10) 

Strong voice 84.94 (9.62) 3.12 (0.74) 3.17 (0.71) 0.02 (0.04) 89.59 (2.63) 218.85 (12.83) 

F06DS Habitual 33.02 (11.07) 3.44 (0.82) 3.64 (0.79) 0.06 (0.09) — —  

Big mouth 63.47 (7.27) 2.21 (0.58) 2.56 (0.51) 0.14 (0.13) — —  

Strong voice 37.61 (6.77) 3.18 (0.77) 3.43 (0.70) 0.08 (0.11) — —  

F07DS Habitual 76.22 (5.22) 3.31 (0.58) 3.34 (0.57) 0.01 (0.03) 74.76 (1.39) 242.18 (32.07) 

Big mouth 92.59 (4.64) 2.01 (0.49) 2.18 (0.52) 0.08 (0.09) 83 (3.15) 271.21 (16.02) 

Strong voice 87.40 (5.91) 2.84 (0.73) 2.90 (0.75) 0.02 (0.05) 82 (2.47) 255.36 (39.15) 

M09DS Habitual 23.88 (5.04) 3.73 (0.66) 3.78 (0.69) 0.01 (0.04) 84.85 (3.47) 277.59 (36.53) 

Big mouth 38.18 (7.29) 2.51 (0.47) 2.58 (0.44) 0.03 (0.05) 87.65 (3.64) 274.38 (27.74) 

Strong voice 27.63 (7.10) 3.45 (1.07) 3.49 (1.04) 0.01 (0.04) 92 (4.94) 295.24 (38.11) 

Note. syll/s = syllables per second; Pausing = proportion of time spent pausing; F0 = fundamental frequency.
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