Assessment of Speech Subsystem Interactions in Children with Autism Spectrum Disorder
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Background
Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder that affects individuals throughout their

lifespan. There is evidence to suggest that highly verbal children with ASD have a greater number of phonological
errors during conversation as compared to their neurotypical equivalents, which is hypothesized to contribute to
communication difficulties!. We hypothesize that some speech production difficulties stem from motor
coordination and control deficits that are also associated with facial and dexterity fine motor impairments seen in
ASD??, We aimed to measure motor coordination of four underlying speech production subsystems: vocal tract,
larynx, respiratory system, and face, by calculating correlations across features extracted from audio and video
recordings. Our initial findings support our hypothesis, showing differences in measures of motor coordination
across speech subsystems as well as across different linguistic contexts, highlighting difficulties in reaching
acoustic and articulatory targets for children with ASD.

Methods

Speech acoustic features from audio and facial features from video were collected as part of a larger multimodal
data collection at the Massachusetts General Hospital Lurie Center for Autism. We obtained MIT/MGH/US Army
HRPO IRB approvals prior to the initial data collection. The protocol included a reading of an age-appropriate
adaptation of The Caterpillar passage, a diadochokinetic sequence ‘Pa-Ta-Ka’, four vowels (/a/, /i/, /u/, /ae/)
sustained for 5-7 seconds each, and free speech samples, including a Q&A session and picture description tasks.
5 controls (4 males; ages 6,6,6,7; 1 female; age 11) and 5 highly verbal ASD subjects (5 males; ages 7,7,7,7,8
years), were involved in the collection.

Correlations of acoustic and facial features work as a proxy measure of coordination within and across the
underlying mechanisms of speech subsystems* This was assessed using eigenvalues from a multi-scale
correlation structure derived using the first three formants, FO, and intensity extracted from the audio, and facial
action units (FAUs) extracted from the video. This technique has been shown to be successful in assessing speech
motor coordination in depression and Parkinson’s disease*. We computed Cohen’s d effect sizes for the average
eigenvalues of the ASD class as compared to the controls. Additionally, the eigenvalues were used to discriminate
between the ASD and control groups, using a leave-one-subject-out cross validation procedure to create Gaussian
Mixture Models (GMM:s). Performance was assessed using Receiver Operating Characteristic (ROC) curves by
extracting out the area under the curve (AUC). GMMs were calculated independently for correlations of
individual and combinations of acoustic and facial features.

Results & Discussion

There was no significant difference between the groups when comparing means and standard deviations of the
raw acoustic and facial features. However, eigenvalues derived from the correlation structures and values in the
correlation structures indicated higher variability in FO and intensity time-series in children with ASD, particularly
in the Pa-Ta-Ka task. Correlation analysis also indicated higher variability in F1 and F2 signals during the
sustained vowel task in the ASD group. In contrast, patterns seen in correlations of formants and FAUs indicated
higher variability in formant and FAU time-series for The Caterpillar passage in control subjects. These patterns,
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together, may indicate that children with ASD have a harder time precisely moving muscle groups in speech
subsystems to reach the acoustic and articulatory trajectories achieved by control subjects in these tasks, as the
signals are reflections of the underlying movements.

Eigenvalues derived from correlations across formants and FAUs from The Caterpillar passage, free speech, and
on the Pa-Ta-Ka task, furthermore, yielded positive effect sizes (+3) at large eigenvalues, and negative effect
sizes (-5) at smaller eigenvalues, reflecting a more isotropic time-embedded scatter distribution of these time-
series in control subjects. This implies that formant and FAU time-series are less coupled in control subjects as
compared to in ASD subjects, potentially indicating higher independence of articulator movement in control
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ROC curves formed from the GMMs yielded
AUC:s (Figure 1) that were above chance for
many of the tasks and correlations of features.
Moreover, many were significant with a p-
value of 0.05 for any AUC value above 0.78.
Specifically, an AUC of 1.0 was found when
utilizing FO during free speech tasks, and when
using either a combination of formants and
FAUs or a combination of FO and formants
during The Caterpillar passage. Combinations
of features across speech subsystems in some
cases improved performance, such as with FO
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Figure 1: AUC of ROC Curves Derived from GMM log-
Conclusions likelihood classification for combinations of speech tasks and

While further validation will need to be [features extracted. Red dotted line indicates an AUC of 0.78,
conducted on a larger sample size, the initial above which, values were significant with a p-value of 0.05.
results from this pilot analysis suggest that

correlations between acoustic and facial measures of speech subsystems (vocal tract, larynx, face, and respiratory
systems) can provide insight into the speech motor coordination differences present in children with ASD. In
addition, there were differences seen in motor coordination measures across different speech tasks. We aim to use
these speech motor coordination features to form an assessment of children with ASD, which can be tracked
during the course of speech interventions. Future work will also incorporate speech control models to analyze the
coordination of individual articulators across speech subsystems using inversion techniques. The aim will be to
develop a neurocomputational model to focus on the interaction of the neurological feedforward and feedback
pathways controlling the coordination of these subsystems.
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