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Findings in the non-speech motor control literature suggest that parts of movements most closely related 
to goal-achievement have higher temporal precision relative to a reference time point (e.g. Shaffer, 
1982; Semjen, 1992; Billon et al.,1996; Bootsma & van Wieringen, 1990; Craig et al., 2005, Gentner et 
al., 1980).  Perkell and Matthies (1992) and Leonard and Cummins (2010) provide similar findings for 
speech and speech-accompanying gesture, respectively.  As discussed in Turk and Shattuck-Hufnagel 
(2020), findings such as these suggest that particular parts of movement are prioritised for temporal 
accuracy (Todorov & Jordan 2002, 2003), and findings for speech can be explained in models where 
abstract symbolic phonological representations map onto parts of movement most closely related to 
them. However, these findings challenge models of speech production with spatiotemporal 
representations and/or goals because these models lack an explanation for reduced temporal variability 
at a particular part of movement. In other words, in spatiotemporal models, when a movement starts 
determines the timing of all other parts of movement; any variability in onset time should be propagated 
to the rest of movement.  In contrast, in models where a particular part of movement can be prioritised 
for temporal accuracy, lower temporal variability can occur at the prioritised point, e.g. at a goal-related 
part of movement.  

In this paper, we investigated temporal variability at different parts of tongue body movement 
for productions of spontaneous post-pausal productions of yeah from the Edinburgh Speech Production 
Facility Doubletalk corpus. These data consisted of temporal measurements from 12 speakers’ tongue 
body raising movements for /j/, relative to the onset of voicing for yeah, shown in Figure 1.  Relative 
timings of 1) onset tangential velocity minimum (Onset), 2) acceleration maximum (AccMax), 3) peak 
tangential velocity (TVMax), 4) deceleration minimum (DecMin), and 5) offset tangential velocity 
minimum (DecMin) were measured from each trajectory.  

Preliminary results of the 300+ tokens in the dataset without long (quasi)-steady states show 
that temporal variability reduces from the onset of movement towards the offset (Figure 2). These results 
support the view that the mental representation for /j/ maps onto the part of tongue body movement most 
closely related to constriction formation, and that this part of movement is prioritised for accurate 
temporal coordination with the onset of voicing. These results provide support for symbolic 
phonological representations mapped onto goal-related part(s) of movement.  
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Figure 1. Token of yeah illustrating the measurement timepoints used for the study, as described in the 
text. The first trace shows the acoustic waveform of yeah from Voicing Onset (Von) to Voicing OCset 
(VOC), time-aligned with articulatory movements that occur before, during, and after the acoustic 
signature of the word in the traces underneath the top waveform. The second trace (TBz) represents the 
vertical position of the tongue body sensor (cm) above and below the occlusal plane. The third trace 
(TBTV) represents the tangential velocity of the TB sensor (cm/s). The fourth trace (TB Acc) represents 
its acceleration (positive values) and deceleration (cm/s2).  
  

  
Figure 2. Violin plots with overlaid scatterplots of intervals defined from a measured timepoint in the 
post-pausal tongue body raising movement for /j/, relative to the time of Voicing Onset.    

SD :     .075                .066 .                    .059                         .041                               .037   


