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Rationale & Specific Purpose 

 

Broadening our understanding of the components and processes of speech sensorimotor learning is crucial 

to forwarding methods of speech neurorehabilitation. Haith and Krakauer [1] suggest that, while the bulk 

of sensorimotor learning research has utilized sensorimotor adaptation paradigms, learning sensorimotor 

control within an unfamiliar working space (without perturbation) is characteristic of much real human 

experience and a poignant research consideration. Several researchers have studied limb sensorimotor 

control using virtual environments to create novel sensorimotor working spaces [2-6]. However, the study 

of novel sensorimotor learning has yet to be undertaken for the auditory-motor transformations that are 

important to speech sensorimotor learning.  

 

We present kinematic and acoustic data describing participant efforts to produced phonemes within an 

unfamiliar articulatory-acoustic working space using a virtual vocal tract. Typically-functioning 

participants and participants with dysarthria were asked to produce diphthongs using an electromagnetic 

articulograph (EMA) driven articulatory speech synthesizer to provide participant-controlled auditory 

feedback. The aim of this work is to characterize performance similarities and differences within and 

between groups to generate hypotheses regarding future experimental manipulations that may support 

neurorehabilitation. While typical methods for eliciting involuntary speech sensorimotor adaptations 

using LPC resynthesis are not viable for many individuals with dysarthria because they require robust a 

speech-acoustic signal from the participant, the current “virtual vocal tract” method provides a viable 

alternative for eliciting sensorimotor adaptation that circumvents this limitation [7].  

 

Methods 

 

The NDI Wave EMA system was used to register the real time movements of the tongue, lips, and jaw. 

Five sensors were attached along the midsagittal plane (two on the dorsal surface of the tongue, one on 

each lip, and one at the juncture of the central mandibular incisors near the gingival border). Reference 

sensors corrected for participant head movements. Sensor movements were transformed into control 

parameters for an articulatory speech synthesizer [8, 9]. The mathematical method for transforming 

articulator movements was speaker-independent, though speaker-specific calibrations based on 

differences in the available physical working space within the oral cavity were necessary. The “speech” 

heard by all participants was indistinguishable, except for differences in vowel quality reflecting 

idiosyncrasies in articulatory movement and differences in proficiency between participants in reliably 

controlling the synthesizer. 

 

Four typically-functioning speakers and four speakers with dysarthria have currently completed the 

experimental protocol. All participants in the dysarthria group met the inclusionary criteria of being 

survivors of traumatic brain injury with functionally significant speech-intelligibility deficits [10], no 

indicated deficits in speech discrimination [11], and sufficient sustained attention and short-term auditory 

memory to participate in the experiment [12]. All participants passed a brief audiometric pure-tone 

screening to assure typical hearing. 

 

Following a calibration procedure that created a simple linear mapping between articulatory movements 

and movements of the articulatory synthesis parameters, participants were instructed to use their 

articulators to control the speech synthesizer to produce repetitions of the diphthongs /e/ and /o/.  Formant 

and articulatory sensor positions and movements during the diphthongs were obtained from the 

synthesized productions by indexing intervals defined by on-glide steady-state, transition, off-glide steady 



state sequences. Comparable kinematic and acoustic measures of performance included: on-glide 

position, average transition speed, peak speed, peak acceleration, and off-glide position.  

 

Results 

 

Results revealed that both typically-functioning speakers and speakers with dysarthria demonstrated the 

ability to learn a novel articulator-acoustic mapping and produce discriminable speech sounds. 

Comparisons of kinematic and acoustic measures between groups revealed the participants with 

dysarthria produced significantly more centralized (reduced range of motion) and variable articulatory 

positions compared to controls (Figure 1). Moreover, formant transition rates and sensor speeds were 

reduced on average for the dysarthria group compared to typically-functioning speakers. However, 

individual results indicated that some controls were significantly more variable with respect to both static 

and dynamic aspects of articulation than some participants with dysarthria.  

 

Discussion 

 

Taken together, these results suggest that, while talkers with dysarthria may display limits in the 

articulatory working space and constraints on the dynamics of articulation, it is not necessarily true that 

typically-functioning talkers are less variable than talkers with dysarthria in learning to articulate with a 

virtual vocal tract. It is hypothesized that experiment protocols that perturb the articulatory-acoustic 

mapping by reducing the acoustic sensitivity of articulatory movement may elicit compensatory increases 

in articulatory speed and range-of-motion for participants with dysarthria.  

 

 

 
Figure 1: Acoustic data for diphthong off-glides. As a group, participants with dysarthria exhibited greater 

variability than controls. On average, the dysarthria group also exhibited a more centralized working 

space than the control group.  
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