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The present work refers to a hierarchical speech and voice perception model in which each of the 6 abstraction 

levels is associated to an increasing degree of temporal integration [1,2]. At the lowest level (cochlear output) the 

minimal durations taken into consideration are of the order of a few milliseconds. They can be estimated at some 

15 ms at level 2 (acoustic indices, F0/spectral shape separation), 30 ms at level 3 (phonetic features), 60 ms at 

level 4 (phoneme-size units), 200 ms at level 5 (word-size units) and 500 ms at the conceptual level. Arguments 

in favor of this view come from phonetics, psychoacoustics, automatic speech signal processing, and deal mostly 

with the problem of signal variability. 

Besides its intrinsically decreasing temporal resolution, the model is based on the following considerations: i) 

The representation of the signal is perceptually complete at each level (i.e. it incorporates not only the speech 

linguistic information, but also the non-linguistic information associated with voice, such as the speaker 

characteristics, his/her intonation and socio-linguistic features, as well as features that are specific to the 

communication situation); ii) all kinds of information of the same temporal size are interacting and must be 

processed simultaneously; and iii) information is processed according to a double flow, bottom-up and top-

down, so that at any level perception jointly uses information made probable by the upper level and information 

extracted from the signal by the lower levels.  

In order to illustrate this view we present speech signal analyses in which the spectro-temporal and pitch 

information is decomposed into several temporal bands, ranging from rapid variations to slow variations. We 

show that the salient acoustic structures that can be observed at each time scale are relevant for some of the 

above-mentioned aspects of information. We also indicate how these acoustic structures might be interpreted at 

each perceptual level, by integrating information coming from the adjacent levels and by using a set of 

knowledge attached to each particular level. 

The model is not yet implemented as a practical tool. We use it as a conceptual guide, in order to explain and 

locate some of the limitations encountered in artificial speech processing. From the viewpoint of  natural speech 

perception it has some common features with McClelland and Elman's Trace model. However it differs from 

previous models in that it explains most of the notion of variability; it also predicts that non-linguistic 

information extracted from the signal or representing higher-level, context related knowledge, may complement 

or influence the lower-level processings of speech.  
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