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Exaggerated and redundant prosodic cue use has been noted among adults with dysarthria
secondary to cerebral palsy (CP) (Patel, 2004; van Doorn & Sheard, 2001). A possible explanation
may be that speakers heighten prosodic contrasts to increase intelligibility. The current work
examined whether children with dysarthria due to CP also produce exaggerated prosodic contours
and if so, how prosodic cue use in these speakers impacts intelligibility. Acoustic analyses were
conducted on a previously collected dataset of 2-7 word utterances produced by fourteen children
with CP (7 with dysarthria and 7 without) (Hustad, Gorton & Lee, 2010). The dataset also
included sentence-level transcriptions obtained from five listeners per speaker. Word intelligibility
scores were derived from these transcripts and used to determine whether prosodic modulation
differed for words with high versus low intelligibility. Although mean fundamental frequency (F0)
and intensity range were similar across groups, words produced by children with dysarthria were
slower and more variable in F0 than the group without dysarthria. Moreover, intelligibility
decreased when children with dysarthria increased F0 and duration beyond the range used by
children without dysarthria. Thus findings suggest that interventions targeting appropriate prosody
may be beneficial in improving intelligibility in children with dysarthria and CP.
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Cerebral palsy (CP) is a congenital motor disorder with prevalence estimates of
approximately 3 per 1000 children (Arneson et al., 2009). Studies suggest that 60% of
children with CP may have communication impairments (Bax, Tydeman, & Flodmark,
2006). Although individuals with CP can have a wide range of different underlying speech,
language, and cognitive impairments, one common problem is dysarthria. Reduced
intelligibility is a hallmark characteristic of dysarthria, and improving intelligibility is often
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a key component of intervention (Ansel & Kent, 1992). A number of different variables
have been shown to contribute to speech intelligibility. For example, studies have revealed
that the size of the vowel space can account for nearly 50% of the variability in intelligibility
scores (Higgins & Hodge, 2002; Liu, Tsao, & Kuhl, 2005). In addition, reduced slope of F2
transition, indicative of reduced speed of articulatory motions, has been associated with
intelligibility deficits (Kent et al., 1989; Kim, Kent, & Weismer, 2011). A relationship
between speech rate and intelligibility has also been demonstrated (Hustad & Sassano, 2002;
Kim et al., 2011), and research on children with CP has shown that rate may be a key
variable that differentiates children who have speech motor control deficits from those who
do not (Hustad, Gorton, & Lee, 2010). One variable that has not been systematically
explored with regard to its contribution to intelligibility in dysarthria is prosody (see De
Bodt, Hernandez-Dia Huici & Van de Heyning, 2002 & Falk, Chan & Shein, 2012 for recent
exceptions).
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Studies of adults with CP and dysarthria indicate that many speakers retain the ability
modulate prosody (i.e. pitch, loudness and duration) despite severe speech impairment
(Ciocca, Whitehill, & Ng, 2002; Patel, 2003, 2004; Patel & Campellone, 2009; van Doorn &
Sheard, 2001; Whitehill, Patel & Lai, 2008). Moreover, unfamiliar listeners can accurately
identify the communicative intent even when speakers use atypical prosodic cues such as
increasing duration and/or intensity instead of pitch to signal a question (Patel, 2003;
Whitehill & Ciocca, 2000). While speakers with CP may be compensating for physiological
limitations by relying on non-standard cues, it is possible that the use of multiple redundant
prosodic cues enhances intelligibility. The extent and nature of the relationship between
prosody and intelligibility in dysarthria requires further inquiry. This study sought to
determine whether children with dysarthria secondary to CP modulate word level prosody
and if so, how these prosodic changes impact listener judgments of intelligibility.

Method
Dataset of speech recordings and listener judgments
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Speech samples for the current study were obtained from an existing dataset, described in
detail elsewhere (Hustad, et al., 2010). In brief, the current dataset consisted of 14 children
with CP producing 2-7 word sentences from the Test of Children's Speech (TOCS+) (Hodge
& Daniels, 2007). All children met the following inclusion criteria: 1) medical diagnosis of
CP; 2) language comprehension abilities that were within age level expectations; and 3)
hearing abilities within normal limits.
Following previously established criteria (Hustad et al., 2010), 7 of the children with CP had
no evidence of speech motor impairment (NSMI) (average intelligibility = 79.26%), and 7 of
the children had evidence of speech motor impairment with language comprehension skills
that reflected typical developmental expectations (referred to here as DYS) (average
intelligibility = 31.95%). The sample comprised 7 boys (mean age 54.2 months (SD .84))
and 7 girls (mean age 53.71 months (SD 2.08)). Among the children, 6 had spastic diplegia,
3 had hemiplegia, 1 had spastic quadriplegia, 2 had dyskinesia, and specific CP diagnoses
were unknown for 2 children.
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In a related study examining the same children (Hustad, Schueler, Schulz, & DuHadway, in
press), intelligibility judgments for this dataset were obtained from seventy adult listeners
between the ages of 18-40 years with normal hearing. Five different listeners were randomly
assigned to each child; each listener heard only one child producing all stimulus material.
Listeners were allowed to hear each utterance only once and were instructed to
orthographically transcribe each utterance.
Analysis procedure
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Speech samples and listener judgments from the Hustad et al., (2010; in press) studies were
further evaluated for the current study. First, speech recordings were analyzed to extract
fundamental frequency, relative intensity, and duration features for each word. A total of
246 utterances produced by children without dysarthria (NSMI) and 157 utterances
produced by children with dysarthria (DYS) were manually annotated using Praat (Boersma
& Wernick, 2011) to demarcate the beginning and end of each word (r = 0.98 inter-rater
reliability for 10% of the dataset). Praat was also used to generate time-stamped F0 and
intensity values for each utterance. Custom software then operated on the annotations and
the time-stamped pitch and intensity values to calculate the following features per word:
mean F0, peak F0, slope of F0, relative change in peak F0 above the utterance mean F0
(delta peak F0), time to peak F0, mean intensity, peak intensity, time to peak intensity, and
word duration. Where appropriate, each feature was normalized by utterance measures of
that feature. For example, word duration was normalized by the average word duration
within an utterance to examine relative changes in word lengthening. Pitch tracking errors,
when found, were manually corrected. In all, the acoustic dataset consisted of a matrix of
acoustic data for 1068 words produced by children in group NSMI and 565 words produced
by children in group DYS.
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Word intelligibility data were extracted from the transcriptions of all 5 listeners who heard
each child. All word transcriptions were categorized into two groups: those that were
intelligible (operationally defined as words that at least 3 of 5 listeners transcribed correctly)
or as unintelligible (operationally defined as words that 1 or fewer listeners transcribed
correctly). Note that words that were correctly identified by 2 listeners were excluded from
this analysis since they reflected neither intelligible nor unintelligible productions (N = 73
for NSMI and N= 54 for DYS). For each CP group, one-way analyses of variance were
conducted on each acoustic feature to identify which prosodic cues separated high and low
intelligibility words. To account for multiple comparisons, the Bonferroni correction factor
was used to adjust the alpha level.
Table 1 provides descriptive statistics for a representative subset of acoustic features by
speaker group. Overall, words produced by children without dysarthria were more
intelligible than those produced by children with dysarthria (percentage of words identified
correctly by 3 or more listeners; NSMI = 82.8%; DYS = 32.9%). Peak F0 was the only
prosodic feature that differed across high versus low intelligibility words produced by
children without dysarthria. In contrast, several prosodic features separated high and low
intelligibility words in the group with dysarthria. Specifically, when peak F0 was in range
with that used by children without dysarthria, intelligibility increased. If instead speakers
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produced an excessive change in peak F0 within a word, it was more likely to be misjudged.
The rise time of the F0 also impacted intelligibility. Words were more intelligible when the
peak F0 occurred within the first third of its duration rather than later in the word. However,
words with elongated duration were less intelligible. Unlike F0 and duration, intensity
features did not separate high and low intelligibility words in either group.

Discussion & Conclusions
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The current investigation examined whether prosodic cue use would differ across children
with and without dysarthria and whether prosodic features would differ across intelligible
versus unintelligible words. Consistent with findings in adults with CP, children with CP
and dysarthria in the current dataset modulated prosody to a greater extent than those
without dysarthria (cf. Ciocca et al., 2002; Patel 2003; Patel & Campellone, 2009).
Secondly, several prosodic features separated high and low intelligibility words produced by
children with dysarthria. Specifically, when words were produced with heightened F0 they
tended to be better understood. There was, however, a trade-off between heightening F0 and
intelligibility. Words were likely to be intelligible if the peak in F0 occurred within the first
third of the word and if the F0 excursion was not excessive. These findings are consistent
with reports of the adverse effects of excessive F0 variation and range in speakers with
severe dysarthria (Falk et al., 2012; Patel & Campellone, 2009; Schlenck, Bettrich, &
Wilmes, 1993). In contrast, the only feature that reached statistical significance for the group
without dysarthria was Peak F0. This finding is also consistent with previous work in that
prosodic modulation may not be necessary when segmental integrity is already high (De
Bodt et al., 2002; Schlenck et al., 1993).
Another finding was that intelligibility was lower for words that were elongated in duration
for children with dysarthria. One explanation for this finding is the effect of severity.
Individuals with more severe dysarthria have reduced intelligibility and also tend to use a
slower rate of speech. Without controlling for the confounding variable of severity (typically
measured via intelligibility), it is not possible to understand fully the relationship between
rate and intelligibility.
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Given individual differences in prosodic cue use, further analyses are planned to examine
the cue combinations used by individual speakers and to assess the impact on intelligibility.
A larger dataset comprising systematically controlled levels of dysarthria severity would be
highly informative for shedding light on the interaction between prosody, intelligibility and
severity.
Although traditional dysarthria interventions focus on global strategies such as rate
reduction and loudness enhancement across an entire utterance, results of the present study
suggest that local strategies that enhance word-level prosodic features may boost
intelligibility and comprehensibility. Children with CP and dysarthria may benefit from
targeted intervention aimed at prosody in the early phases of treatment to ensure modulation
that is both appropriate phonologically and temporally aligned to enhance intelligibility.
Rather than “icing on the cake”, prosodic modulation may in fact be the scaffolding that
helps bootstrap improved intelligibility.
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*311.54
324.88

*325.43
341.67

Low 0-1 (N=114)

High 3-5 (N= 186)

Low 0-1 (N=325)

Peak F0 (Hz)

High 3-5 (N=882)

Intelligibility

0.15

*0.11

0.11

0.13

Normalized Peak F0
(proportion above
utterance peak F0)

1.01

0.99

0.98

1.01

PF0/mean utterance F0
(proportion)

DYS

NMSI

0.41

*0.34

0.37

0.4

Normalized Time to Peak F0
(proportion of word length)

Descriptive statistics by prosodic feature. Note significant differences are marked by *.

43.12

*34.32

37.58

35.19

Delta Peak F0
(Hz)

76.03

76.19

75.17

74.73

Mean Peak
intensity (dB)

0.48

0.42

0.34

0.36

Word duration (s)
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