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How to integrate prosodic to segmental as well as subsegmental acoustic (and articulatory) parameters in order 

to explain subjects’ performance when producing and perceiving speech is a central issue in contemporary 

speech and language research. 

To shed some light on the matter, we have proposed a two-stage dynamical model of speech rhythm production: 

a coupled-oscillator system composed of a syllabic and a phrase stress oscillator (first stage), and a gestural 

score (second stage) whose vowel gesture onsets are defined by the first stage output. 

The coupled-oscillator system deals with prosodic timing: the phrase stress oscillator accounts for the periodic 

and magnitude-related aspects of stressing. On the other hand, the syllabic oscillator accounts for syllabicity by 

delivering syllable-sized temporal windows. 

Coupling between the oscillators is a consequence of a coupling strength mechanism called entrainment. This 

coupling strength is mathematically expressed by the product of the current amplitude of the phrase stress 

oscillator and a language-specific continuous parameter. Due to period coupling with the phrase stress oscillator, 

the period of the syllabic oscillator always increases when approaching the next (phrasal) stress since phrasal 

stress is considered to terminate the stress group in right-headed languages such as Brazilian Portuguese.  Other 

language-specific characteristics can be obtained by changing coupling strength and/or by changing the relation 

of the phrase stress oscillator to higher linguistic levels. 

The gestural score in our model has some crucial differences in comparison to Browman & Goldstein’s, since in 

ours the occurrence of left edges of non-critical and not-closed tongue body gestures (vowel gestures) is set by 

the beats of the entrained syllabic oscillator. Adjacent vowel onsets define a window where gestures are more 

easily integrated (the model predicts that CV units are more promptly analyzed than VC units by a listener, 

regardless of syllable boundary). 

Additional prosody-gesture interaction is achieved by an Elman-type recurrent network, which generates 

segmental durations from a gestural description enriched with the entrained syllabic oscillator, and very poor 

morpho-syntactic information (identification of function words). The network also deals with the issue of 

pausing: places and durations of silent pauses emerge as a consequence of the interaction between momentary 

speech rate (inverse of entrained syllabic oscillator current period) and the other network input nodes. 

The model is able to explain segment deletion and epenthesis as a consequence of intrinsic (intergestural 

coordination and intragestural extension) and extrinsic timing interaction. [Supported by the FAPESP project 

01/00136-2: “Integrating continuity and discreteness in modeling phonic and lexical knowledge” and by the 

research grant 350382/98-0 from CNPq.] 
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