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Luc Steels [10] provides a comprehensive overview of the key theoretical issues on the cultural evolution of lan-
guage and of the contribution of computational and robotics models to the study of the social emergence of language
in societies of interactive agents. In this short commentary, I would like to extend the discussion by focusing: (i) on the
origins of the hierarchical structure of language, as grounded in the embodied compositional nature of motor repre-
sentations and skills such as those of object manipulation; and (ii) on the interaction of genetic and cultural evolution
processes in language evolution.

For the issue of compositionality and hierarchical structure in language, Steels [10] acknowledges that “Semantics-
directed approaches hypothesise that the main source of hierarchical structure in language comes from the fact that
semantics is compositional”. I would like to further strengthen and extend this argument by highlighting the fact that
the compositional nature of semantics derives from the compositional nature of embodied representations and ma-
nipulation capabilities of bipedal humans. An evident example of this is the compositional and hierarchical nature of
object manipulation capabilities, and the underlying, parallel interaction between action and language learning during
development [3]. Object manipulation skills, such as those involved in tool use and tool making, clearly rely on the
systematic, hierarchical re-use and repetition of motor primitives. This link between manipulation skills and language
learning (and evolution) has been proposed by language origins theorists such as Corballis [6] and neuroscientists [9].
Moreover, this has been investigated in multi-agent computational models of action/language evolution (e.g. [2,4]).
Future embodied models of action/language interaction, especially those based on cognitive robotics experiments
of object manipulation, can shed light on the detailed mechanisms leading to the evolution of compositional motor
representations, compositional semantics and thus compositional, hierarchical language systems.

A second research issue that I would like to add to Steels’s comprehensive review of the models of the cultural
evolution of language is the importance of the interaction between genetic and cultural evolutionary processes in
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language origins. The most evident example of such a type of phenomena is the Baldwin effect [1,11]. The Baldwin
effect consists in the fact that what a species must initially learn during each member’s lifetime can, over time, become
part of the genetic makeup of that species (genetic assimilation). The Baldwin effect has been explicitly used as an
argument for the explanation of the origins of language. This has contributed to the debate whether the Baldwin effect
can explain the evolution of a Language Acquisition Device, as in Pinker and Bloom’s [8] hypothesis, or if Baldwinian
mechanisms can be invoked for the genetic assimilation of general, non-linguistic cognitive capabilities, which then
also supported language use. Computational models of the Baldwin effects in language evolution have contributed
to this debate [5,7,12]. For example, Munroe and Cangelosi [7] modelled the combination of genetic evolution and
cultural learning mechanisms for the emergence of a communication system in a population of agents. In this model,
Baldwinian processes explain the assimilation of a predisposition to learn quickly and efficiently the language the
agents are exposed to, rather than the assimilation of any structural properties associated with a specific language.

To conclude, a stronger focus on the computational modelling of the embodied nature of object manipulation
capabilities, and on the interaction dynamics of genetic evolution and cultural evolution, in addition to new research on
the other key issues discussed by Steels [10], can significantly enhance our understanding of the complex interaction
of genetic, cognitive and cultural phenomena in the evolution of language.
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