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Purpose: The purpose of this study was to examine the impact of sentence 
length on intelligibility in two groups of older children with neurodevelopmental 
disabilities. 
Method: Nine children diagnosed with cerebral palsy (CP) and eight children 
diagnosed with Down syndrome (DS), between the ages of 8 and 17 years, 
repeated sentences varying in length from two to seven words. Three hundred 
forty adult listeners (20 listeners per child) provided orthographic transcriptions 
of children’s speech, which were used to calculate intelligibility scores. 
Results: There was a significant main effect of sentence length on intelligibility 
for children with CP. Intelligibility significantly increased from two- and three-
word sentences to four-, five-, and six-word sentences, then significantly 
decreased from four-, five-, and six-word sentences to seven-word sentences. 
There was a main effect of sentence length on intelligibility for children with DS. 
Intelligibility significantly increased from two-word sentences to four-, five-, and 
six-word sentences. 
Conclusions: The primary findings of this study include the following: (a) Unlike 
in typically developing children, sentence length continues to influence intellig-
ibility well into adolescence for children with neurodevelopmental disorders, and 
(b) sentence length may influence intelligibility differently in children with CP 
than in children with DS; however, other factors besides the type of neurodeve-
lopmental disorder (e.g., severity of speech motor involvement and/or 
cognitive–linguistic impairment) could play a role in the relationship between 
sentence length and intelligibility and must be investigated in future studies. 
At least half of children with neurodevelopmental 
disorders, such as cerebral palsy (CP) and Down syn-
drome (DS), demonstrate decreased speech intelligibility 
(Hustad et al., 2020; Wild et al., 2018; Wilson et al., 
2019b). Decreased speech intelligibility can negatively 
impact engagement in daily life activities that require com-
munication (Connaghan et al., 2022; Pennington & 
McConachie, 2001), which may lead to loneliness and a 
host of negative mental and physical health consequences 
(Lyyra et al., 2018; Stickley et al., 2016; Tillinger, 2013). 
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Thus, it is no surprise that the primary goal of speech 
production–focused interventions for children with CP 
and DS is increased speech intelligibility (Moya-Galé 
et al., 2021; Pennington et al., 2010, 2013; Sakash et al., 
2020; Swift & Rosin, 1990). 

Intelligible speech does not mean that speech is per-
fect or “typical.” Rather, speech is considered intelligible 
when listeners are able “to map the acoustic signal onto 
the intended lexical units in spite of segmental- or 
suprasegmental-level problems” (Hustad et al., 2012, 
p. 1177). Intelligibility is often quantified by the percentage 
of words a listener is able to correctly identify from the 
speaker’s message (e.g., Hustad et al., 2012). Intelligibility 
is a complex construct that is influenced by numerous
•023 Copyright © 2023 American Speech-Language-Hearing Association 2297
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factors including the speaker’s impairment(s), the listener’s 
ability to understand degraded speech, the environment in 
which the communication occurs, and the linguistic features 
of the message itself (e.g., Hustad & Borrie, 2021). Speech 
production–focused interventions designed for children 
with CP and DS focus almost exclusively on the use of 
speaker-centered approaches in which the child is taught to 
modify their speech production (e.g., increase vocal loud-
ness) to enhance intelligibility (Pennington et al., 2016). An 
emerging area of interest in speech production–focused 
interventions is a focus on the length of the message the 
child produces. Changing the length of the message is an 
appealing compensatory strategy because it does not 
require the child to physically change the way their body 
produces speech, which may be difficult and unreliable. 

Sentence length impacts intelligibility in young typi-
cally developing children. Starting around 4 years of age, 
multiword utterances are typically more intelligible than 
single-word utterances (Hustad et al., 2012, 2021). This is 
likely because multiword utterances provide more linguis-
tic context for the listener, resulting in better intelligibility. 
Within multiword utterances, shorter sentences tend to be 
more intelligible than longer sentences (e.g., four words > 
seven words; Hustad et al., 2012). Thus, the increased 
speech motor demands of longer sentences may negate the 
benefit of increased linguistic context (Hustad et al., 
2012). The impact of sentence length on intelligibility in 
young children with CP is influenced by the presence or 
absence of speech motor involvement (Allison & Hustad, 
2014; Hustad et al., 2012). At 4 years of age, children with 
CP and no speech motor involvement have reduced intel-
ligibility as compared with typically developing peers but 
follow similar patterns of intelligibility as it relates to sen-
tence length (Hustad et al., 2012). Children with CP and 
speech motor involvement demonstrate descriptively dif-
ferent patterns than both typically developing children 
and children with CP and no speech motor involvement. 
At 4 years of age, children with CP and speech motor 
involvement do not appear to benefit from the added lin-
guistic context of multiword utterances. Intelligibility was 
highest in single-word utterances with a tendency to 
decrease or plateau with each increase in sentence length 
(Hustad et al., 2012). It is possible that multiword utter-
ances, regardless of the length of those utterances, were 
too taxing on the speech motor systems of such young 
children with CP. 

Starting around 5 years of age, sentence length no 
longer impacts intelligibility in typically developing chil-
dren (Hustad et al., 2021). This does not appear to hold 
true for 5-year-olds with CP with or without speech motor 
involvement as their fluctuations in intelligibility across 
multiword utterances are similar to those of 4-year-olds 
with CP (Allison & Hustad, 2014). There are no studies 
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examining the impact of sentence length on intelligibility 
in children with CP older than 5 years of age. It is 
unknown when or if children with CP reach an age at 
which sentence length no longer affects intelligibility. 
Intelligibility deficits in young children with CP often per-
sist into adolescence and adulthood, indicating a need for 
speech production–focused intervention throughout the 
life span (Hustad, 2007; Hustad et al., 2019, 2020; Mahr 
et al., 2020; Schölderle et al., 2016). If individuals with CP 
reach a particular age at which sentence length no longer 
affects intelligibility, that information would help refine 
inclusionary criteria for interventions that utilize sentence 
length modifications to improve intelligibility. 

There are no studies, to our knowledge, that exam-
ine the impact of sentence length on intelligibility in chil-
dren with DS of any age. Similar to children with CP, 
intelligibility deficits that begin in early childhood often 
persist into adolescence and adulthood in individuals with 
DS (Barnes et al., 2009; Chapman et al., 1998; Rosin 
et al., 1988; Wild et al., 2018). However, it would be 
unwise to assume that children with DS will respond to 
interventions targeting sentence length as a way to 
improve intelligibility in the same manner as children with 
CP. Decreased intelligibility in children with DS is the 
result of a constellation of causes, including anatomic dif-
ferences that impact the size and shape of the vocal tract 
(Rodrigues et al., 2019; Sforza et al., 2012), motor speech 
disorders (Kumin, 2006; Wilson et al., 2019a, 2019b), and 
cognitive–linguistic disorders (Chapman & Hesketh, 2001; 
Lukowski et al., 2019). Although there is considerable 
individual variability, these deficits are considered part of 
the clinical phenotype of DS, meaning that almost all chil-
dren with DS will exhibit these deficits to some degree 
(Daunhauer & Fidler, 2011). On the other hand, the clini-
cal phenotype for children with CP varies widely depend-
ing on the etiology of the disorder (Metz et al., 2022). For 
children with CP, speech motor involvement affects 
approximately 50% (Nordberg et al., 2013), cognitive defi-
cits affect approximately 40% (Odding et al., 2006; Sigur-
dardottir et al., 2008), and language deficits affect 30%– 

74% (Mei et al., 2016; Otapowicz et al., 2005; Parkes 
et al., 2010; Pirila et al., 2007; Voorman et al., 2010). 
These deficits can appear individually, in combination, or 
not at all (Hustad et al., 2010). 

Differences in the clinical phenotype of children with 
DS and children with CP may lead to differences in 
speech production behavior and response to intervention 
(Darling-White & Jaeger, 2023; Yoder & Warren, 2002). 
Of particular importance to this study, Darling-White and 
Jaeger (2023) found that sentence length impacted acoustic 
measures related to speech rate differently in older chil-
dren with CP than in older children with DS. Articulation 
rate increased with increased sentence length in children
•97–2310 September 2023
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with CP but not in children with DS. Furthermore, chil-
dren with DS paused for a greater amount of time with 
increases in sentence length, but children with CP did not. 
It is imperative to understand how sentence length impacts 
intelligibility in each group of children with neurodevelop-
mental disorders (CP and DS) in order to tailor speech 
production–focused interventions appropriately. 

The purpose of this study was to examine the 
impact of sentence length on intelligibility in two groups 
of older children with neurodevelopmental disorders. Chil-
dren were between the ages of 8 and 17 years and diag-
nosed with either CP or DS. Typically developing children 
were not included in this study, because we do not expect 
sentence length to impact intelligibility after 5 years of age 
(Hustad et al., 2021). Data from children with CP and 
children with DS were examined separately, and any dif-
ferences between the groups are described descriptively. 
This approach will inform the design and implementation 
of etiology-specific interventions targeting sentence length 
as a way to improve speech intelligibility. 

Based on the data from younger children with CP 
detailed above, it was hypothesized that older children 
with CP would demonstrate decreasing intelligibility with 
increasing sentence length. Given the lack of information 
about sentence length and intelligibility in children with 
DS regardless of age, it was not possible to form direc-
tional hypotheses regarding the performance of older chil-
dren with DS. Based on the findings of Darling-White 
and Jaeger (2023), it was hypothesized that the relationship 
between sentence length and intelligibility would present 
differently in children with CP than in children with DS. 
Method 

Participants 

Children With Neurodevelopmental Disorders 
Nine children diagnosed with CP (Mage = 12;9 

[years;months]) and eight children diagnosed with DS 
(Mage = 13;2) participated in this study. Children from 
both groups appear in previous publications (Darling-
White, 2022; Darling-White & Jaeger, 2023; Kovacs & 
Darling-White, 2022), but the examination of intelligibility 
by sentence length in these children is unique to this study. 
Legal guardians provided written consent and participants 
provided verbal assent prior to data collection. Study pro-
cedures were approved by the University of Arizona 
Human Subjects Review Board (Protocol 16055837A005). 

Participants were recruited via community postings, 
specialty medical clinics, and online forums. Inclusionary 
criteria for this study were as follows: (a) speak fluent 
Darling-W
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English and (b) be able to repeat sentences up to seven 
words in length. Two children with CP (M06CP and 
M08CP) and two children with DS (F03DS and M09DS) 
were bilingual (i.e., regularly used two languages; Grosjean, 
1992). Three of these children were early bilinguals (i.e., 
learned both languages when they were younger than 
5 years of age; Paradis et al., 2021) and spoke primarily 
Spanish in the home and English at school. One child, 
M08CP, was a Chinese–English bilingual and began learn-
ing English approximately 3 years prior to the study. 
English was M08CP’s primary language at home and at 
school. There are no differences between bilingual and 
monolingual children with neurodevelopmental disorders 
on measures of language, cognition, or adaptive functioning 
when tested in the majority language (i.e., English) regard-
less of age of acquisition (Edgin et al., 2011; Kay-Raining 
Bird et al., 2005, 2016). 

Demographic characteristics including age, race, eth-
nicity, language status, speech motor status, intelligibility, 
gross motor impairment (children with CP), and adaptive 
behavior skills (children with DS) are presented in Table 1. 
These demographic characteristics were not used as inclu-
sionary or exclusionary criteria but, rather, are a way to 
characterize our sample to allow for cross-study compari-
son. For the majority of children, the presence or absence 
of language impairment was determined by the Core 
Language score of the Clinical Evaluation of Language 
Fundamentals–Fifth Edition (Wiig et al., 2013). In three 
instances, language impairment status was based on par-
ent report. The first author, a certified speech-language 
pathologist, made a dichotomous classification of each 
child as having or not having speech motor involvement 
based on perceptual assessment during a variety of con-
nected speech tasks (e.g., conversation, reading, and 
single-sentence production). The dichotomous classifica-
tion system was based on the Speech Language Profile 
Groups paradigm developed by Hustad and colleagues for 
children with CP (e.g., Hustad et al., 2010). Severity of 
speech motor involvement was based on the mean intellig-
ibility scores across sentence lengths. The procedure 
followed to obtain intelligibility scores is described below. 
Three levels of intelligibility were defined: high (no or 
mild speech motor involvement) = 81%–100%, moderate 
(moderate speech motor involvement) = 61%–80%, and 
low (severe speech motor involvement) = 0%–60% 
(Natzke et al., 2020). 

All children with CP, except F09CP, passed a bilat-
eral pure-tone hearing screening at 20 dB HL for 500, 
1000, 2000, and 4000 Hz. Per parent report, there were no 
concerns regarding F09CP’s hearing status and no history 
of failed hearing screenings. Only two of the children with 
DS participated in the hearing screening due to time con-
straints. M02DS passed the screening at all frequencies,
hite & Polkowitz: Sentence Length Effects on Intelligibility 2299
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Table 1. Participant demographic information. 

Participant Age Race/ethnicity 
Language 
impairment 

Speech motor 
impairment Intelligibility Type of CP GMFCS 

Adaptive Behavior 
Composite of 
Vineland-3 

F01CP 13;5 White/non-Hispanic Severe impairment Yes 91% – High Spastic diplegia II 

F02CP 14;6 White/non-Hispanic No impairment No 96% – High Spastic hemiplegia I 

F03CP 16;11 Did not report/ 
Hispanic–Latino 

Severe impairment Yes 33% – Low Spastic 
quadriplegia 

II 

M04CP 11;9 More than one/ 
non-Hispanic 

No impairment No 93% – High Spastic I 

F05CP 14;10 White/non-Hispanic No impairment Yes 89% – High Spastic II 

M06CP 12;3 White/Hispanic– 
Latino 

Severe impairment Yes 91% – High Spastic hemiplegia I 

F07CP 9;2 White/non-Hispanic Moderate 
impairment 

Yes 65% – Moderate Spastic 
quadriplegia 

II 

M08CP 13;8 Asian/non-Hispanic No impairmenta Yes 70% – Moderate Spastic 
quadriplegia 

II 

F09CP 8;3 White/non-Hispanic Borderline 
impairment 

Yes 74% – Moderate Mixed – ataxic and 
hypotonic 
quadriplegia 

III 

F01DS 16;1 White/Hispanic– 
Latino 

Severe impairment Yes 78% – Moderate 75 

M02DS 11;10 Did not report/ 
Hispanic–Latino 

Severe impairment Yes 74% – Moderate 74 

F03DS 17;11 White/Hispanic– 
Latino 

Severe impairment Yes 42% – Low 68 

F04DS 10;7 White/non-Hispanic Severe impairment Yes 47% – Low 78 

F05DS 13;6 White/non-Hispanic Severe impairment Yes 74% – Moderate 67 

F06DS 12;2 White/non-Hispanic Impairmenta Yes 35% – Low 65 

F07DS 11;9 White/Hispanic– 
Latino 

Severe impairment Yes 76% – Moderate 63 

M09DS 10;7 White/Hispanic– 
Latino 

Impairmenta Yes 24% – Low 62 

Note. Age is provided in years;months. Language impairment classifications are based on the Core Language score of the Clinical Evaluation of Language Fundamentals–Fifth Edi-
tion (Wiig et al., 2013) or parent report. M04CP and F05CP did not report the topographical distribution of their spasticity. Intelligibility is reported as the mean intelligibility across 
sentence lengths with no multitalker babble noise. Intelligibility ratings are as follows: High = 81% and up, Moderate = 61%–80%, and Low = 0%–60% (Natzke et al., 2020). Level I 
indicates little to no gross motor impairment. The Adaptive Behavior Composite of the Vineland-3 (Sparrow et al., 2016) is expressed as a standard score with a mean of 100 and 
an SD of 15. CP = cerebral palsy; F = female; M = male; DS = Down syndrome; GMFCS = Gross Motor Function Classification System (Palisano et al., 1997). 
a Parent-reported language impairment, which was not rated by severity level.
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and 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 concerns about their hearing that were not 
addressed by the hearing aids. No parent concerns regard-
ing hearing status were reported for the remaining five 
children with DS.

Adult Listeners 
Three hundred forty adult listeners (20 listeners per 

child) participated in this study. Listeners provided ortho-
graphic transcriptions of the sentence-level Test of Chil-
dren’s Speech (TOCS+; Hodge & Daniels, 2009) described 
below as the basis for intelligibility measures. Listeners 
were recruited from Amazon Mechanical Turk (MTurk), 
an online crowdsourcing platform. The use of crowdsour-
cing platforms for auditory-perceptual studies in the 
speech sciences has been validated (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 desig-
nated by Amazon as Masters (i.e., have high approval rat-
ings) with a U.S.-based IP address. Participation require-
ments 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 disorders; (e) no 
more than incidental experience listening to children with 
speech sound disorders; and (f) a pair of headphones to 
wear while completing the task. The confirmation of these 
requirements was based on self-report. 

Acquisition of Speech Samples 
From Children 

Children wore an omnidirectional headset micro-
phone (Shure WBH53) during the completion of the 
sentence-level TOCS+ (Hodge & Daniels, 2009). The 
acoustic signal was recorded via a digital audio recorder 
(Marantz PMD671) with a compact flash card, then trans-
ferred to a computer and resampled at 18 kHz with a 
low-pass filter at 9 kHz for anti-aliasing using GoldWave. 
Data were collected in a quiet space at the University of 
Arizona or at the child’s home depending on parent pref-
erence. Children completed several speech tasks during the 
session, the order of which was counterbalanced. Speech 
tasks typically took between 30 and 45 min to complete. 
Frequent breaks were provided to prevent fatigue and 
increase compliance. 

During the sentence-level TOCS+, the TOCS+ soft-
ware generates a list of 34 sentences varying in length 
Darling-W
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from two to seven words from a pool of 2,000 phrases 
(Hodge & Daniels, 2009). The order of sentence length 
presentation is randomized. Prior to data collection, the 
TOCS+ software was used to create 30 unique lists. Each 
TOCS+ list had different numbers of sentences at each 
length, but a representative TOCS+ list contained four 
two-word, five three-word, six four-word, seven five-word, 
six six-word, and six seven-word sentences. No TOCS+ 
list was repeated within a group of children (CP and DS). 
In two instances, a child with CP and a child with DS 
produced the same TOCS+ list. TOCS+ sentences are 
appropriate for use with individuals with a developmental 
language age as young as 3 years. 

Children repeated each stimulus sentence using their 
comfortable pitch and loudness following a prerecorded 
adult model. Stimulus sentences were prerecorded by the 
first author in a sound-attenuating booth. The text and 
accompanying audio of each stimulus sentence were pre-
sented via a laptop computer. Sentence repetition is a 
commonly used elicitation technique for intelligibility test-
ing in children with neurodevelopmental disorders regard-
less of age (e.g., Allison & Hustad, 2014; Darling-White & 
Jaeger, 2023; Hustad et al., 2010, 2019; Wild et al., 2018). 
It is particularly useful for children with neurodevelop-
mental disorders who do not have the literacy skills neces-
sary to read the stimulus sentence aloud without assis-
tance, as was the case for many of the children with DS 
in this study. The first author monitored children’s pro-
ductions online to ensure collection of sentences that were 
as error free as possible. If errors (e.g., word omissions or 
substitutions, laughing or coughing during the sentence, 
forgetting the sentence halfway through and asking for 
clarification, overlap with the prerecorded adult model, 
background noise) were detected during data collection, 
the child was asked to repeat the sentence. If a repetition 
was necessary, children frequently produced the sentence 
correctly on the second attempt although a third attempt 
was occasionally required. All children except one, 
F04DS, produced sentences at each sentence length. 
F04DS did not produce any seven-word sentences. When 
seven-word sentences were presented, F04DS consistently 
omitted one or two words. The number of sentences 
included in the intelligibility analysis by sentence length 
and group is presented in Table 2. 

Acquisition and Scoring of Intelligibility Data 

Each stimulus sentence was separated into its own 
WAV file and amplitude-normalized via a customized 
MATLAB script (B. Story) prior to presentation. Stimulus 
sentences for each child were orthographically transcribed 
by 20 adult listeners. Stimulus sentences were presented 
via a Qualtrics survey, and the order of stimulus sentences
hite & Polkowitz: Sentence Length Effects on Intelligibility 2301
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Table 2. Number of sentences included in intelligibility analysis by 
sentence length and group. 

Sentence length CP DS 

2 words 36 34 

3 words 45 43 

4 words 54 59 

5 words 67 54 

6 words 54 45 

7 words 48 36 

Note. CP = cerebral palsy; DS = Down syndrome. 
was randomized for each listener. The task took approxi-
mately 30 min. Listeners were instructed to listen to each 
sentence and type the words that they heard (without the 
use of abbreviations) in the textbox provided. Stimulus 
sentences were only presented to each listener one time. 
Listeners were told they would only hear real English 
words and were encouraged to guess if they were unsure. 

Prior to scoring the listener responses, the authors 
created a scoring key for each child by listening to each 
stimulus sentence, comparing it with the target sentence, 
and writing down the words the child produced. If the 
child was unintelligible, the target word or sentence was 
used. Listener responses were scored as correct if they 
were an exact phonemic match with the target. Hom-
onyms and misspellings were counted as correct as long as 
they were an exact phonemic match with the target. A 
team of two to four undergraduate research assistants 
scored the listener responses. Each team member scored a 
particular response set individually, and then the group met 
to discuss their scores. If discrepancies arose, the team 
would discuss the discrepancy and make a group decision 
about the final score based on the scoring rules. Discrepan-
cies were primarily due to human error (e.g., typos and mis-
calculations). A percent intelligibility score was calculated 
by dividing the total number of words correctly identified 
at each sentence length by the total number of words pro-
duced at each sentence length and multiplying by 100. 

For five children with CP, their average percent 
intelligible score across all sentence lengths was 89% or 
higher (see Table 1). Given their high level of intelligibility 
and the strong possibility that differences in sentence 
length would not be detected due to ceiling effects, a deci-
sion was made to mix their stimulus sentences with multi-
talker babble noise using MATLAB and rerun the listen-
ing experiment. Based on pilot testing, 0 dB SNR (noise is 
the same level of intensity as the child’s speech) was 
applied to each sentence. This ratio minimized floor and 
ceiling effects. The 0 dB SNR ratio reduced children’s 
average intelligibility across all sentence lengths by an 
average of 33% (range: 23%–45%). For example, F01CP 
went from 91% intelligible to 46% intelligible after her 
• •2302 American Journal of Speech-Language Pathology Vol. 32 22
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sentences were mixed with multitalker babble noise at 0 
dB SNR. For these children, only the percent intelligibility 
scores from stimulus sentences mixed with noise were 
included in the statistical analyses outlined below. 

We calculated the interrater reliability of intelligibility 
measurements via the intraclass correlation coefficient (ICC) 
using SPSS. The ICC examines the agreement between per-
cent intelligibility scores across all sentence lengths for each 
listener of each child. Using an average-score, one-way ran-
dom effects model, we found strong agreement among lis-
teners for both groups, CP: ICC = .98, 95% confidence inter-
val (CI) [.94, .99]; DS: ICC = .99, 95% CI [.99, 1]. 

Statistical Analysis 

A general linear mixed-model analysis of variance 
was used to examine the relationship between intelligibility 
and sentence length within each group. For each child, the 
percent intelligibility scores obtained from each listener by 
sentence length (20 listeners per child) were used in the 
statistical model (as opposed to an average percent intel-
ligibility score across listeners for each sentence length). 
Subject was modeled as a random effect. Sentence length 
was modeled as the fixed effect. Bonferroni post hoc com-
parisons were used to examine statistically significant pair-
wise comparisons. The main effect of utterance length was 
considered significant at an α level of .05. Based on Bon-
ferroni correction procedures (.05/15), pairwise compari-
sons were considered significant at α ≤ .003. 
Results 

Figure 1 depicts mean intelligibility and standard 
error by sentence length for both groups of children. 

Children With CP 

There was a significant main effect of sentence length 
on intelligibility for children with CP, F(5, 1072) = 33.69, 
p < .001. Post hoc testing revealed a significant difference 
between two- and three-word sentences and four-, five-, and 
six-word sentences as well as a significant difference 
between four-, five-, and six-word sentences and seven-word 
sentences (see Table 3). Intelligibility significantly increased 
from two- and three-word sentences to four-, five-, and six-
word sentences, then significantly decreased from four-, 
five-, and six-word sentences to seven-word sentences. 

Children With DS 

There was a significant main effect of sentence length 
on intelligibility for children with DS, F(5, 927.04) = 6.62,
•97–2310 September 2023
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Figure 1. Mean intelligibility and standard error by sentence length 
and group. DS = Down syndrome; CP = cerebral palsy. 

Table 4. Results of post hoc testing for the significant main effect 
of sentence length on intelligibility in children with Down syndrome. 

Contrast 
Mean 

difference SE p 

2 words vs. 3 words −4.29 1.68 .16 

2 words vs. 4 words −7 1.68 < .001* 

2 words vs. 5 words −7.68 1.68 < .001* 

2 words vs. 6 words −7.86 1.68 < .001* 

2 words vs. 7 words −3.63 1.75 .57 

3 words vs. 4 words −2.71 1.68 1 

3 words vs. 5 words −3.39 1.68 .65 

3 words vs. 6 words −3.57 1.68 .50 

3 words vs. 7 words 0.67 1.75 1 

4 words vs. 5 words −0.68 1.68 1 

4 words vs. 6 words −0.86 1.68 1 

4 words vs. 7 words 3.38 1.75 .80 

5 words vs. 6 words −0.18 1.68 1 

5 words vs. 7 words 4.05 1.75 .31 

6 words vs. 7 words 4.24 1.75 .23 

*p ≤ .003. 
p < .001. Post hoc testing revealed a significant difference 
between two-word sentences and four-, five-, and six-
word sentences (see Table 4). Intelligibility significantly 
increased from two-word sentences to four-, five-, and 
six-word sentences. 
Discussion 

The purpose of this study was to examine the impact 
of sentence length on intelligibility in two groups of older 
children with neurodevelopmental disorders. The primary 
findings of this study, which will be discussed in detail 
below, include the following: (a) Unlike in typically devel-
oping children, sentence length continues to influence 
intelligibility well into adolescence for children with 
Table 3. Results of post hoc testing for the significant main effect 
of sentence length on intelligibility in children with cerebral palsy. 

Contrast 
Mean 

difference SE p 

2 words vs. 3 words −0.36 1.72 1 

2 words vs. 4 words −15.93 1.72 < .001* 

2 words vs. 5 words −11.56 1.72 < .001* 

2 words vs. 6 words −14.01 1.72 < .001* 

2 words vs. 7 words −4.22 1.72 .21 

3 words vs. 4 words −15.57 1.72 < .001* 

3 words vs. 5 words −11.20 1.72 < .001* 

3 words vs. 6 words −13.66 1.72 < .001* 

3 words vs. 7 words −3.86 1.72 .37 

4 words vs. 5 words 4.37 1.72 .17 

4 words vs. 6 words 1.92 1.72 1 

4 words vs. 7 words 11.71 1.72 < .001* 

5 words vs. 6 words −2.45 1.72 1 

5 words vs. 7 words 7.34 1.72 < .001* 

6 words vs. 7 words 9.79 1.72 < .001* 

*p ≤ .003. 
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neurodevelopmental disorders, and (b) sentence length 
may influence intelligibility differently in children with CP 
than in children with DS. 

Children With CP 

The hypothesis that older children with CP would 
demonstrate decreasing intelligibility with increasing sen-
tence length was partially supported by the results. 
Although there were some similarities with previous stud-
ies, sentence length seems to impact intelligibility in older 
children with CP differently than in younger children with 
CP, particularly for those with speech motor involvement. 
A key difference is the sentence length at which peak intel-
ligibility was achieved. Within multiword utterances, 
young children with CP and speech motor involvement 
with or without language impairment demonstrated their 
highest levels of intelligibility in two- or three-word sen-
tences, and then intelligibility decreased with each subse-
quent sentence length (Allison & Hustad, 2014; Hustad 
et al., 2012). Older children with CP demonstrated their 
highest levels of intelligibility during sentences in the mid-
dle range (four-, five-, and six-word sentences). 

Unlike previous studies of the impact of sentence 
length on intelligibility, we were unable to separate our 
sample of children with CP based on the presence or 
absence of speech motor impairment and/or language 
impairment because of the small size of each group. Our 
sample included children with CP with and without speech 
motor involvement and children with CP and speech 
motor involvement with and without co-occurring
hite & Polkowitz: Sentence Length Effects on Intelligibility 2303
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language impairment. Therefore, examining the patterns 
of individual means is of utmost importance (see Table 5). 
We examined the group and individual patterns through 
the lens of clinical significance as an additional check on 
the statistical results. Clinically meaningful results (i.e., 
results that likely reflect a true change in function) were 
defined as a difference in intelligibility greater than or 
equal to 10% (Allison, 2020). 

Group results for children with CP indicated that 
two-, three-, and seven-word sentences were produced with 
significantly lower levels of intelligibility than four-, five-, 
and six-word sentences. There were no significant differ-
ences between two- and three-word sentences and seven-
word sentences. As a group, all statistically significant 
comparisons, except five- and six-word sentences versus 
seven-word sentences, were also clinically significant. For 
all statistically significant comparisons, except one, at least 
five of the nine children with CP demonstrated a clinically 
significant difference in the same direction as the statistical 
result. The only exception was the difference between five-
word sentences and seven-word sentences. Only three of 
the nine children with CP demonstrated a clinically signifi-
cant difference in the same direction as the statistical 
result. Four-word sentences were produced with the high-
est levels of intelligibility for six of the nine children with 
CP. The other three children with CP produced their high-
est levels of intelligibility in five- or six-word sentences. 
Despite the variability, the individual patterns match the 
group-level statistics and indicate that most of the statisti-
cally significant changes were also clinically significant 
and likely reflect a true change in function. 

One explanation for the difference in peak intellig-
ibility between younger and older children with CP is 
development. Previous studies hypothesized that young 
children with CP and speech motor impairment were 
unable to capitalize on the added linguistic context of sen-
tences longer than two or three words in length, because 
these sentences were overly burdensome for their developing 
• •

Table 5. Mean intelligibility for each child with cerebral palsy by sentence

Participant 2 words 3 words 4 word

F01CPa 23% 35% 59%

F02CPa 66% 49% 76%

F03CP 13% 29% 38%

M04CPa 42% 66% 79%

F05CPa 59% 74% 59%

M06CPa 56% 36% 61%

F07CP 68% 39% 71%

M08CP 56% 56% 72%

F09CP 72% 72% 83%

a Participants whose sentences were mixed with noise to prevent ceiling e

2304 American Journal of Speech-Language Pathology Vol. 32 22
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speech motor systems, particularly in the context of simul-
taneous language impairment (Allison & Hustad, 2014; 
Hustad et al., 2012). For example, 4-year-old children 
with CP and co-occurring speech motor involvement and 
language impairment were unable to repeat sentences 
greater than four words in length (Hustad et al., 2012). 
This could have been due to the fact that several sentence 
lengths were beyond the expected mean length of utter-
ance in words for typically developing 4- and 5-year-olds 
(~4; Rice et al., 2010) and thus well beyond what would 
have been expected from a 4- or 5-year-old with language 
impairment. This study used the same speech task (i.e., 
sentences from the TOCS+) as the previous studies with 
young children with CP, but our participants were at least 
3–4 years older. None of the participants had difficulty 
completing the speech task, and all sentence lengths were 
within the mean length of utterance expected for children 
over the age of 8 years (Lenhart et al., 2022). It is known 
that the majority of children with CP regardless of speech 
motor involvement or language impairment make gains in 
intelligibility with age, which have generally been attrib-
uted to the maturation of the speech motor, phonological, 
and cognitive–linguistic systems (Hustad et al., 2019, 
2020; Mahr et al., 2020). Thus, older children with CP 
likely benefited from the added linguistic context of the 
sentences in the middle range regardless of speech motor 
involvement or language impairment because the speech 
task was less burdensome. 

The benefit of added linguistic context with increas-
ing sentence length was overridden once older children 
with CP reached the longest sentence length, however. 
One potential explanation for this phenomenon is the doc-
umented change in speech rate in response to sentence 
length in older children with CP. When acoustic measures 
related to speech rate were examined for the same sample 
of children performing the same task as presented in this 
study, Darling-White and Jaeger (2023) reported signifi-
cantly increased articulation rate with increased sentence 
length for children with CP. Since the seven-word
•

 length. 

s 5 words 6 words 7 words 

51% 46% 47% 

59% 74% 48% 

26% 41% 31% 

69% 76% 68% 

66% 75% 44% 

68% 46% 61% 

67% 66% 68% 

69% 85% 64% 

83% 72% 63% 

ffects during the listening study. 
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sentences were produced with the fastest articulation rates, 
it is possible that seven-word sentences were perceived as 
less intelligible due to consequences of increased articula-
tion rates, such as vowel centralization. 
Children With DS 

This is the first study, to our knowledge, to investi-
gate the impact of sentence length on intelligibility in chil-
dren with DS of any age. Although there was a statisti-
cally significant increase in intelligibility from two-word 
sentences to four-, five-, and six-word sentences, an exami-
nation involving individual data (see Table 6) and clinical 
significance levels reveals a much more complicated pic-
ture. None of the statistically significant group-level com-
parisons were clinically significant. Upon examination of 
individual data, it is apparent that there is no clear pattern 
or trend from child to child. In fact, no two children dem-
onstrated the same pattern of intelligibility across sentence 
lengths. The highest intelligibility values were observed 
anywhere between three- and six-word sentences, whereas 
the lowest intelligibility values were observed across all 
sentence lengths except four-word sentences. For each sta-
tistically significant comparison, only two to four of the 
eight children with DS demonstrated a clinically signifi-
cant difference in the same direction as the statistical 
result. In fact, for the comparison between two- and six-
word sentences, the same number of children with DS 
demonstrated a clinically significant difference in the 
opposite direction as the statistical result as those who 
demonstrated a clinically significant difference in the same 
direction as the statistical result. Given the amount of 
individual variability and general lack of clinical signifi-
cance, we conclude that sentence length did not systemati-
cally alter intelligibility in the sample of children with DS 
included in this study. 

The hypothesis that the relationship between sen-
tence length and intelligibility would present differently in 
children with CP than in children with DS was supported 
Table 6. Mean intelligibility for each child with Down syndrome by senten

Participant 2 words 3 words 4 word

F01DS 73% 96% 74%

M02DS 43% 52% 70%

F03DS 39% 45% 47%

F04DS 55% 38% 44%

F05DS 73% 87% 69%

F06DS 43% 10% 50%

F07DS 68% 83% 74%

M09DS 10% 26% 30%

Note. The em dash indicates data not obtained, as F04DS did not produ
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by the results. Although the clinical phenotype of DS is 
much different than the clinical phenotype of CP, hetero-
geneity of speech impairment is an issue common in both 
types of disorders. According to auditory-perceptual and 
objective measures of speech production, speech impair-
ments demonstrated by children with CP and children 
with DS do not conform to a syndrome-specific pattern 
and represent deficits across all speech subsystems (e.g., 
Allison & Hustad, 2018; Hustad et al., 2010, 2014; Jones 
et al., 2019; Kent et al., 2021). Despite this heterogeneity, 
the impact of sentence length on intelligibility was system-
atic in older children with CP (intelligibility increased 
from short to midlength sentences then decreased with the 
longest sentence), with the majority of children in our 
sample following similar patterns. Although intelligibility 
did fluctuate across sentence lengths, there was no discern-
able systematic pattern for the group of children with DS. 
There is clearly something unique about the impairment 
profile of DS that is interfering with a listener’s ability to 
interpret running speech using traditional strategies like 
linguistic context. 

It could be argued that a lack of change across sen-
tence lengths in the children with DS is developmentally 
appropriate given that around 5 years of age, sentence 
length no longer impacts intelligibility in typically devel-
oping children (Hustad et al., 2021). However, sentence 
length likely stops being a significant factor in intelligibil-
ity around 5 years of age, because the average 5-year-old 
child is greater than or equal to 90% intelligible. The chil-
dren with DS in this study all had significant intelligibility 
deficits, with half demonstrating peak intelligibility levels 
lower than 60%. 

The patterns of acoustic change observed in children 
with DS in response to sentence length may be influencing 
intelligibility patterns. As discussed previously, Darling-
White and Jaeger (2023) examined acoustic measures 
related to speech rate for the same sample of children per-
forming the same task as presented in this study. Unlike 
in children with CP, increases in sentence length did not
ce length. 

s 5 words 6 words 7 words 

60% 83% 80% 

77% 86% 79% 

54% 36% 34% 

57% 49% — 

84% 64% 73% 

35% 37% 34% 

70% 88% 66% 

28% 22% 18% 

ce any seven-word sentences. 
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impact articulation rate but did impact pausing in children 
with DS. Children with DS paused for a greater amount 
of time with increases in sentence length. If increases in 
pause time were a primary driver to intelligibility in this 
task, we would have seen more systematic changes in 
intelligibility (regardless of the direction of change) in the 
children with DS. As observed with the children with CP, 
patterns of change to articulation rate (or lack thereof) 
seem to be similar to the patterns of change (or lack 
thereof) in intelligibility. 

The lack of a systematic response to sentence length 
could also be due to the way in which the speech motor 
and cognitive–linguistic systems interact in children with 
DS. All children with DS demonstrated moderate to low 
levels of intelligibility, indicating that speech motor 
involvement was likely a significant factor in performance. 
Most of the children with CP had high levels of intellig-
ibility, indicating no or mild speech motor involvement. 
Although cognitive status was not specifically tested in 
this study, cognitive impairment is part of the clinical phe-
notype of DS, with verbal short-term memory being an 
area of particular challenge (Chapman & Hesketh, 2001; 
Daunhauer & Fidler, 2011; Jarrold et al., 2004). Cognitive 
impairment is much less frequent in children with CP 
(Odding et al., 2006; Sigurdardottir et al., 2008). During 
the sentence repetition task, the sentence was presented 
both visually and verbally. However, many of the children 
with DS were forced to rely solely on their verbal short-
term memory skills to complete the task, because they did 
not have the literacy skills to utilize the written sentence 
as a memory aide. This was not the case with the children 
with CP in our sample. Furthermore, the longer sentences 
may have been beyond the expected mean length of utter-
ance in words for some of the children with DS (Chapman 
et al., 1998; Miles et al., 2006). All of the children with 
DS in our sample had language impairment, with the 
majority having severe language impairment. Only five of 
nine children with CP in our sample demonstrated lan-
guage impairment, and only three of those five had severe 
language impairment. It is likely that the speech task was 
much more difficult for the children with DS from both a 
speech motor and cognitive–linguistic perspective. Thus, it 
is possible that the demands of the task interfered with the 
ability of the speech motor and cognitive–linguistic sys-
tems to coordinate with one another in a typical fashion. 
Limitations and Future Directions 

Both groups, CP and DS, are heterogeneous, and it 
is difficult to form definitive conclusions about the impact 
of sentence length on intelligibility on older children with 
neurodevelopmental disorders from the small sample pre-
sented in this study. This is particularly true since several 
• •2306 American Journal of Speech-Language Pathology Vol. 32 22
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of the children with CP were intelligible enough to require 
the use of multitalker babble noise mixed with their sen-
tences to prevent ceiling effects in the listening study. Due 
to its size, our sample does not include the full spectrum 
of speech motor and cognitive–linguistic impairments that 
are present in these groups of children. A data set repre-
sentative of a wide range of speech motor and cognitive– 
linguistic impairments within each population may reveal 
more nuanced information about the interaction of sen-
tence length and intelligibility. This type of representative 
data set may also help refine inclusionary and exclusion-
ary criteria for interventions that utilize sentence length 
modifications to improve intelligibility. This study included 
mostly children with CP who demonstrated high levels of 
intelligibility (without multitalker babble), indicating no or 
mild speech motor involvement. Although the children with 
CP who demonstrated moderate or low levels of intelligibil-
ity followed similar patterns of clinical and statistical signif-
icance, it is unclear if this will be the case for the majority 
of children with CP and moderate to severe speech motor 
involvement. 

The intelligibility data in this study mimic the artic-
ulation rate data of Darling-White and Jaeger (2023) for 
both children with CP and children with DS, strengthen-
ing the hypothesis that intelligibility changes with sentence 
length are related to articulation rate. Pausing behavior, 
on the other hand, does not appear to be a significant fac-
tor in intelligibility in this sentence repetition task, since 
there was no change in intelligibility with increases in 
pausing behavior for children with DS and children with 
CP did not alter pausing behavior. Future work should 
seek to elucidate the relationship between changes in acous-
tic measures of speech production across sentence lengths 
and changes in intelligibility across sentence lengths. This 
type of investigation is missing from the literature and 
could shed light on the apparent lack of intelligibility 
changes across sentence lengths in children with DS. 

Currently, it is unclear if sentence length is the pri-
mary driver of the intelligibility changes (or lack thereof) 
in this study. Other sentence-level factors, such as the pho-
netic characteristics of each sentence, may impact intellig-
ibility (Allison & Hustad, 2014). Allison and Hustad (2014) 
found that both sentence length and phonetic complexity 
were significant predictors of intelligibility in 5-year-old 
children with CP and speech motor involvement. Interest-
ingly, the effect each sentence-level factor had on intellig-
ibility varied widely based on the individual child. Sentence 
length contributed independently of phonetic complexity in 
some younger children with CP and not others. Future 
large-scale studies should examine multiple sentence-level 
factors, in addition to sentence length, to provide a clearer 
understanding of the role sentence-level factors play in 
intelligibility.
•97–2310 September 2023
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Clinical Implications 

Training older children with CP to communicate 
using messages between four and six words in length may 
be an effective compensatory strategy to improve intellig-
ibility in this population. Speaking in these midrange sen-
tence lengths improved intelligibility to a clinically signifi-
cant degree (greater than or equal to 10%) for most of the 
children with CP in this study. Caution may be needed 
when using this approach with children with CP and mod-
erate to severe speech motor involvement as most children 
with CP in this study had no or mild speech motor 
involvement. More work needs to be done to investigate 
the likelihood of intervention success for children with CP 
across the speech motor severity spectrum. 

The strategy of altering sentence length to improve 
intelligibility is unlikely to work with older children with 
DS. Fluctuations in intelligibility across sentence lengths 
were observed in our sample of children with DS, but they 
were not systematic enough to create a specific interven-
tion approach. This is now the second study to report 
etiology-specific differences in the relationship between 
sentence length and speech production using a speech task 
with high ecological validity. These data support the idea 
that etiology-specific adaptations may be necessary when 
designing and implementing speech production–focused 
interventions for children with neurodevelopmental disor-
ders (Darling-White & Jaeger, 2023). 
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