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Predicting Speech Intelligibility With a 
Multiple Speech Subsystems Approach in 

Children With Cerebral Palsy



Cerebral palsy

 Dysarthria in CP: 50%, 58%, 31%-88%
 Dysarthria: very mild  very severe
 Non-progressive, persistent
 Childhood dysarthria = adult dysarthria ? 
 Language acquisition
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Previous studies (1)

 Scarce and outdated (1950s-1980s)
 Fundamental frequency (F0) and “loudness” sound 

pressure level (SPL)  no relation to “speech 
proficiency” (Clarke & Hoops, 1980)

 Vowel space area, F2 slope contribute to adult 
speech intelligibility (review Weismer, 2008)

 VSA correlated with speech intelligibility in children 
(4 - 5.5 yrs) (Lee & Hustad, 2013)
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Previous studies (2)

 Voice, nasality and formant movement potentially 
contribute to speech intelligibility (de Bodt, Huici & 
Van De Heyning, 2002)

 CP may affect multiple speech subsystems
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Study question (1)

 “What are the segmental, voice, resonance and 
intelligibility characteristics of speech in children 
with speech motor impairment (SMI) secondary to 
CP and in children with CP and no diagnosed speech 
motor impairment (NSMI), and how do they 
compare to the same characteristics in [typically 
developing] children?”
 Lee, Hustad & Weismer (2014)
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Study question (2)

 “When including multiple acoustic variables 
reflecting different speech subsystems in a prediction 
model, which acoustic variables are the best 
predictors of intelligibility in children with CP? Also, 
what is the independent contribution of each 
acoustic variable to speech intelligibility among 
multiple acoustic variables reflecting different 
speech subsystem?” (Lee et al., 2014)
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Participants (1)

 22 children w/CP (11M, 11F), 67 months (SD 9.9)
 Clinical diagnosis of CP
 13 Speech Motor Impairment (SMI)
 9 No Speech Motor Impairment (NSMI)

 American English
 Normal hearing
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Participants (2)

 19 Typically developing (TD) children, 64 months 
(SD 10.4)

 No known disabilities
 American English
 Normal hearing
 Preschool Language Scale 4th ed. (Zimmerman et al., 

2005)
 Arizona Articulation Proficiency Scale 3rd ed. 

(Fudala, 2000)
 Age & gender matched to CP group 
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Participants (3)

 82 listeners (two per child)
 American English
 Hearing test (pure tone 25 dB HL)
 Age 18-40 years
 No language/learning/cognitive disabilities
 No experience w/ communication disorders
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Stimuli

 38 words from Test of Children’s Speech (Hodge & 
Daniels, 2007)
 25 words one repetition
 13 words five repetitions

 13 chosen for acoustic analysis
 sheet, seat, hoot, boot, top, hot, bad, hat, pipe, whip, toys & 

big

 One nonsense word: /mIm/
 Five repetitions 

10



Data collection

 Delayed imitation 
 Picture + recording
 Sound attenuating booth
 Professional quality recording equipment
 Sampling rate 44.1 Hz (16 bit)
 Condenser microphone ( 45 cm approx)
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Intelligibility scores

 Listeners heard recordings at 75 dB SPL
 Played once (no playback)
 Transcribed words
 Presentation order randomized
 Each listener  one child
 Intelligibility = (# correct words/38) x 100%
 Score = (listener 1 + listener 2)/2
 ∆ listeners > 10%   listener 3
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Acoustic Variables

 Articulatory, velopharyngeal and laryngeal 
subsystems

 No measure for respiratory subsystem

 Acoustic analysis in TF32 (Milenkovic, 2002)
 Wideband spectograms
 Fast Fourier transform
 Linear predicative coding
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Articulatory: vowel space

 1422 tokens (8 words x 41 children x 4-5 reps)
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Articulatory: vowel duration

 Duration of /i/, /u/, /æ/, & /ɑ/
 1424 tokens

 Vowel duration increase  inteligibility decrease
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Articulatory : F2 slope

 515 tokens
 Pipe, toys, whip
 F2 slope = │F2onset – F2offset │(Hz)

duration (ms)
 F2 transitional
 duration  (ms)
 extent = │F2onset – F2offset │(Hz)
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Velopharyngeal

 A1-P1 = measure of nasality, Chen (1995)
 /mIm/  P1
 big (A1-P1) dB
 315 tokens

 From Chen (1995)
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Laryngeal 

 186 tokens of /ɑ/ from top
 F0
 Signal to noise ratio (SNR)
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Analysis

 Inter-judge reliability (10%) = .86 -.99

 Nine one-way ANOVAs across groups (TD, NSMI, 
SMI) Fisher’s LSD post hoc

 Alpha= .05 (exploratory)
 Simultaneous multiple linear regression
 Incremental R2
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Results: descriptive
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Results: ANOVAs
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Results: ANOVAs
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Results: Fisher’s LSD
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Results: Fisher’s LSD
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Criteria for multiple linear regression

 “Six predictor variables were chosen according to the 
following three criteria: 
 a) at least one measure to represent each of the three 

subsystems, 
 b) low correlations with other potential predictor variables, 

and 
 c) previous evidence in the literature of sensitivity of the 

variable to dysarthria.” (Lee et al. 2014)
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Results: Correlations
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Results: Simultaneous MLR
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Results: Simultaneous MLR
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Results: Subsystem MLR
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Results: Subsystem MLR
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Results: Subsystem MLR
31



Results: Incremental R2 MLR
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Results: Incremental R2 MLR
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Results: Incremental R2 MLR
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Discussion

 SMI ≠ NSMI = TD  articulatory subsystem

 SMI = NSMI = TD  velopharyngeal & laryngeal  

 TD data correspond with literature
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Discussion

 Childhood dysarthria = adult dysarthria
 Smaller vowel space area
 Longer vowel durations
 (higher mean F0)
 Lower speech intelligibility scores
 Shallower F2 slope (duration & extent)

 But no statistical tests for duration & extent !
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Discussion

 Multiple linear regression

 Acoustic variables  80% of variation in speech 
intelligibility scores  (???)

 Articulatory subsystem (F2 slope, VSA, vowel 
duration)  58%  (???)
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Discussion

 Limitations
 Small sample size
 “wide” age range
 Single words for intelligibility scores
 Heterogeneous CP population
 Laryngeal and velopharyngeal measures
 No measure of respiratory subsystem
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Conclusion

 Articulatory subsystem involved in childhood 
dysarthria

 F0 might contribute to speech intelligibility

 Childhood dysarthria = adult dysarthria
 No evidence to suggest that the speech motor disorder 

interacts with developing speech motor capabilities
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Questions?
40
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