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Since the 70's and the Lindblom's proposal to “derive language from non-language”, phoneticians
have developed a panel of “substance-based” theories. The starting point is Lindblom’s Dispersion
Theory (Lindblom, 1984) and Stevens’s Quantal Theory (Stevens, 1989), which open the way to a rich
tradition of works attempting to determine and possibly model how phonological systems could be
shaped by the perceptuo-motor substance of speech communication. These works search to derive
the universals of world languages from morphologic constraints arising from perceptual (auditory and
perhaps visual) and motor (articulatory and cognitive) properties: we call them “Morphogenesis
Theories”.

More recently, a number of proposals were introduced in order to connect pre-linguistic primate
abilities (such as vocalization, gestures, mastication or deixis) to human language. The framework that
we adopt in the present work considers a double evolution grounding the birth of language in two pre-
existing primate behaviours. Firstly, we assume that human language is derived from a precursor
deictic function, providing an evolutionary development of the ability to “show with the voice” (“Vocalize
to Localize”, Abry et al., 2004). Secondly, we capitalize on the “Frame-Content Theory” introduced by
(MacNeilage, 1998) assuming that mastication provides a system enabling to modulate the
vocalizations in a controllable way, thus allowing the birth of an efficient orofacial communication
system, bootstrap by the deictic function. The Frame-Content Theory also offers a powerful
developmental scheme for the mastering of serial order in speech motor control (MacNeilage & Davis,
2000). This offers an evo-devo framework for an “Origin Theory”.

We propose that the principles of Morphogenesis Theories (such as dispersion principles or the
quantal nature of speech) can be incorporated and to a certain extent derived from Origins Theories.
While Morphogenesis Theories ask questions such as “why are vowel or consonant systems shaped
the way they are?” and answer that it is to increase auditory dispersion in order to prevent confusion
between them, we ask questions such as “why do humans attempt to prevent confusion between
percepts?” and answer that it could be to “show with the voice”, that is to improve the pre-linguistic
deictic function. We illustrate this point of view Figure 1.
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Figure 1 — Principles of Morphogenesis Theories can emerge from Origins Theories [DT : Dispersion
Theory (Lindblom, 1972); QT : Quantal Theory (Stevens, 1989) ; PACT : Perception for Action Control
Theory (Schwartz & al., 2007)]

We build a computational Bayesian model incorporating the Dispersion and Quantal Theories of
speech sounds inside the Vocalise-to-Localise framework, and show how realistic simulations of vowel
systems can emerge from this model. The model is based on computational sensori-motor agents able
to produce orofacial motor gestures (M), perceive sounds (P), face objects (O), and associating these
variables into a probabilistic rule p(O,M,P). Then, we design various interacting situations, called
“deictic games”, in which two agents are in front of an object O. One produces a motor command M,
the other perceives the corresponding sound P, and both update its knowledge according to the
interaction. (Fig. 2).

Figure 2 — A deitic game between two interacting sensori-motor agents. The left agent sees an object
O and produces a motor command M. The right agent perceives the sound P generated by the
articulatory command M. Both update its knowledge according to this interaction.

We compare various interaction configurations, called “reflex”, communicative” and “hybrid”, and
show that in the “communicative” configurations, a common phonetic code can emerge from
interactions (Fig. 3), and display a number of patterns compatible with the Dispersion Theory and with
the Quantal Theory. The “hybrid” configuration associates motor and perceptual constraints on sound
systems, in a way compatible with the “Perception-for-Action Control Theory” that we have developed
in the last years (Schwartz et al., 2007). Simulations with an elaborate model of the vocal tract (VLAM,
Boé et al., 1995) lead to realistic simulations of vowel systems.
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Figure 3 — Emergence of a common phonetic code for four objects and four agents. In these
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preliminary simulations, the motor and perceptual variables M and P are merged, and
monodimensional. After a series of interactions, the four agents (one in each box in the figure) have
converged towards similar shapes of the distribution function for gestures associated to each of the
four objects (the four bell shapes in each box). In consequence, the communication is efficient
between the agents

In a further step, we derive the emergence of plosives from the generation of pseudo-syllabic
alternations through jaw cycles in the Frame-Content framework. We show that acoustic/auditory
nonlinearities shape the simple jaw rhythmic activity in a quantal pattern, achieving the generation of
alternations of vowels and consonants in a simple way developmentally plausible and efficient. Then
we show that bilabials, dentals and velars (e.g. [b d g]) provide an optimal system in terms of auditory
dispersion, provided that they are embedded in this developmental framework, pharyngeals, though
auditorily salient, being eliminated by their high jaw configuration incompatible with the Frame-Content
scenario.
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