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There is a constantly growing body of evidence that the minimal symbolic units of speech production are 

discrete gestures instantiated by mutual constraints between the physical systems involved in the 

production of speech sounds. By extending this conception of speech processing to more abstract levels 

of analysis we can understand interface phenomena as due to the interaction between processes 

triggered by different components of the grammar. Extending the reasoning further, it has been 

proposed that physiological and cognitive processes interact across speakers involved in a conversation 

bringing them into aligned cognitive states and facilitating their interaction. 

Studying the interactions between the many heterogeneous processes characterizing verbal 

communication on several time scales is an extremely difficult task also due to lack of stationarity and of 

separability. It has been shown that approaches based on recurrence analysis [1] or on cross convergent 

mapping [2] allow to study the interaction between non separable systems underlying observable time 

series. However also these methods, like "more traditional" approaches  based on mutual information 

[3], rely on time-delay embedding of the time series under study. Since time-delay embedding can be 

safely applied only under the assumption of stationarity, these methods can show important biases 

when applied to strongly nonstationary dynamical systems as those recruited in intentional behavior.  

We propose a modified version of recurrence analysis which strongly reduces the artefacts due to 

nonstationarity and we apply it to study two crucial aspects of speech production. First we analyze the 

movements of speech articulators in the production of coronal and labial consonants at various speech 

rates and we show that despite the presence of significative differences between the trajectories 

observed at slow and fast speech rate [4], the coupling relations constraining the movements of the 

articulators are invariant to speech rate. Second, trough the analysis of the acoustic signals recorded 

during the narration of the pear story in five different languages (German, English, Italian, French and 

Polish), we show that in languages traditionally considered as stress-based [5] the modulations of 

acoustic energy due to syllables production and those due to stress production are significantly better 

coordinated than in languages traditionally considered as syllable based. Importantly, our analyses show 

an intermediate behavior for Polish, whose rhythm is often perceived as different from that of both 

stress-based and syllable based languages. 
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