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Currently, biologically-based models of speech motor control focus on phonemic or gestural 

representations within a syllable, despite linguistic and psycholinguistic evidence for additional 

representations. I will present work that uses neuroscience techniques to test two theoretical 

speech representations: sub-syllabic constituents – e.g. syllabic onset, coda – and syllabic 

frames. 

To study sub-syllabic constituents, we employed a paradigm traditionally used to study 

non-speech motor sequence learning. Participants practiced producing novel phoneme 

sequences with phonotactically illegal consonant clusters. After 2 days of practice, participants 

produced the new illegal sequences as quickly and accurately as the practiced sequences – even 

in novel vowel contexts – only if they contained no novel consonant clusters, implicating 

consonant clusters as important speech motor representations. We then compared brain activity 

using functional magnetic resonance imaging (fMRI) during the production of practiced and 

novel sequences to better understand the neural mechanisms of this learning. 

We also tested the slot-filler and frame-content theories which both posit that a 

syllable’s sounds (e.g., /k/, /æ /, /t/) and structure (frames, e.g., consonant-vowel-consonant) are 

represented in parallel during speech production. We measured patterns of fMRI-repetition 

suppression across a series of experimental speech conditions. Based on these patterns, we 

identified a phonological representation in left inferior frontal sulcus, a brain region implicated 

in phonological working memory. Left presupplementary motor area and right posterior 

cerebellum responded to syllabic structure; these regions are implicated in auditory-based 

timing coordination. We believe these areas independently select the phonological and 

structural elements of a syllable. 

Collectively, this work suggests that speech and language research can benefit from 

conversations across its many disciples by combining linguistics knowledge and neuroscience 

techniques to pursue a biological understanding of speech. 

 

  



Evaluating how children might, or might not,  

interpret phonetic variation phonologically 
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Infants learn something about perceptual categorization of their language's phonetic categories 

very early in life.  Infants also learn that there are words and what some words mean.  But do 

infants intuit that phonetic categories signal lexical contrast?  In this sense, do they have a 

phonology, or just a phonetics?  In this brief talk I will boldly claim that, contrary to received 

wisdom, we don't know; and I will support this defiant agnosticism with some interesting 

experimental data. 
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English /ɹ/ appears to trigger several forms of coarticulation and assimilation, including 

retraction of /s/ in /stɹ/ clusters and affrication and retraction in /tɹ/ and /dɹ/ clusters. These 

patterns are potentially ambiguous between coarticulatory effects and categorical assimilatory 

patterns. One one hand, tongue body retraction and lip rounding are both expected 

coarticulatory effects of English /ɹ/, and on the other hand, the results of extreme /ɹ/ influence 

are very similar to the typical realization of the phonemes /ʃ tʃ dʒ/.  

 

Analysis of 162 sociolinguistic interviews from Raleigh, North Carolina (Dodsworth 

and Kohn 2012) shows that retraction of /stɹ/ and affrication and retraction of /tɹ/ and /dɹ/ have 

been increasing over time in this community (Wilbanks 2016, Magloughlin 2018), while 

retraction of /s/ and /z/ next to /ɹ/ is stable.  

 

Lingual ultrasound and lip video were collected from 28 additional talkers drawn from 

the same community. The articulatory study shows that /s/ in /stɹ/ clusters resembles 

postalveolar consonants, not [ɹ], whereas word-final sibilants before /r/ (/z#ɹ/) only show 

resemblance to [ɹ], especially in lip posture. /tɹ/'s articulation is consistent with being a 

phonologically affricated allophone of /t/ that is coarticulated with [ɹ]. These data indicate that 

/stɹ/, /tɹ/, and /dɹ/ are phonologized in the (mostly young) group of speakers. Retraction of /ɹ/-

adjacent /s/ and /z/ involve gestures more similar to /ɹ/ than to postalveolar consonants, 

evidence that they are directly phonetically conditioned.  

 



Signs, speech, and gesture: integrating continuous and  

discrete representations into a single proposition 
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Human language is infinitely productive because it makes use of discrete symbolic 

representations that can combine with each other to form new structures with new meanings. 

This is equally true of spoken languages and sign languages, but the latter have often been 

considered to include additional levels of continuous/depictive representations, which are 

typically outside the domain of traditional linguistic analysis. At this panel, I will discuss 

briefly two experimental studies and one set of corpus data from bimodal bilingual language 

which show that these are naturally compared to combination of spoken language plus gesture, 

and then discuss formal semantic models of how continuous and discrete representations 

compose in several examples of sign+gesture and speech+gesture. 

 

 


