Intonational tunes as compositional, but also autonomous, dynamical objects
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One of the main kinds of variation in speech is temporal. Not only are gestures spatio-temporally
organized, but gestures compose into time-varying organizational structures like syllables,
words, utterances, and tunes for intonation. Are the larger phonological structures, like words and
tunes, non-autonomous sequential and parallel compositions of gestural dynamical systems
(Saltzman and Munbhall, 1989), or do they have dynamical autonomy of their own? This type of
question has been an important one in the study of phonology for a long time, with different
research communities taking the primary units to be temporally-local speech sounds, features,
gestures, tones (Jakobson, Fant, and Halle, 1953; Browman and Goldstein, 1989; Pike, 1949;
Pierrehumbert, 1980) vs. temporally-global structures like words (Bybee 2001; Vihman, 2019;
Davis and Redford 2019, 2023) and tunes (Bolinger 1951; see also Arvaniti 2011). Within the
framework of Articulatory Phonology (AP), the question turns on the equilibrium nature of
contrastive objects: they are stable equilibria or attractors, so movement tends to some goal and
ends there. Then another control algorithm, e.g., the syllable model (Nam and Saltzman 2003),
takes over and organizes multiple gestures non-autonomously in simultaneity-sequentiality
relations, relegating the larger structures to being control flow algorithms And these algorithms
themselves can be implemented as dynamical systems, using limit cycle entrainment, as in Nam
and Saltzman (2003), selection-coordination dynamics, as in Tilsen (2016), or dynamical/neural
field theory, as in Roon and Gafos (2016).

In this work, we propose a novel account of intonational (nuclear) tunes in American English as
being composed of tonal events traditionally called pitch accents, phrase accents, and boundary
tones, but where the tune also has its own dynamic. This account builds on recent dynamical
models of intonation (Iskarous et al., 2024), but now viewing the contrastive tonal events not as
stable attractors, but as saddles, or partially stable and partially unstable, which have been used
to account for many aspects of neural, cognitive, and motor organization (Kiebel et al. 2009;
Meyer-Ortmanns 2023). By making instability a basic aspect of the temporally local units, as
saddles, several of these stable-unstable units can exist in a network to compose a whole global
organization. Most importantly, the differential equation system for the local events, taken as a
whole, has its own autonomy. We will illustrate this with a model of intonational tunes informed
by data from an intonation imitation experiment. 37 speakers imitated three phonologically
distinct tunes—Fall (H*L-L%), Rise (L*H-H%), RiseFallRise (H*L-H%)—from stimuli
resynthesized with variation in the slope and shape of the FO trajectory in the medial interval of
the phrase accent. Tunes were imitated on novel sentences (N=144 trials) with 4 and 6 syllables
in the nuclear tune interval. Our goal is to show how the model accounts for both the
compositionality and autonomy of the whole tune, while explaining the distinct elastic behavior
of FO in the interval of the phrase accent on one hand, and the more strictly local behavior of FO
in the tune-initial and -final syllables associated with the pitch accent and boundary tone,
respectively (Barnes et al., 2021; Grice et al., 2000). This is part of a research program that aims
to extend the idea of saddle networks to other types of articulatory and perceptual organization in
speech.
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