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1 The Embodied Modality

Humans (and other animals) are systems embedded in an environment. We have sensory input and
motor output. A sensorimotor coupling connects the sensory input to the motor output. Through
this sensorimotor coupling, we learn to perceive affordances in our environment, i.e., to perceive
what we can do [Shapiro and Spaulding| |[2025]]. Learning from sensorimotor interactions with the
environment is the "embodied modality" (in contrast to other modalities such as text or video).

2 Symbol Grounding Problem

How words ("symbols") are connected to their referents in the world, and how propositions have
meanings, is called the "symbol grounding problem" [Harnad,|1990]]. Our understanding of words
and propositions is grounded in learning from sensorimotor interactions; this is how the words we
use connect to their referents and how our propositions acquire meaning. Systems lacking such
sensorimotor interactions can still learn to manipulate words; however, for those systems, there is
no connection of the words to any referents in the world, and the propositions they produce have no
meaning for them.

3 LLMs as Sensorimotor Systems

LLMs are systems that manipulate words but lack any sensorimotor interaction with our environment.
Therefore, for LLMs, the words have no connection to any referents in our environment, and the
propositions they produce have no meaning for them [Harnad, [2025]].

LLMs can be "cast in the same mould" as a sensorimotor system. LLMs have sensory inputs in
the form of elements from an abstract set, which we call tokens in a vocabulary. Its motor outputs
are elements picked from the same abstract set. If we train them using reinforcement learning over
multiple iterations of input-output, LLMs might even be said to be trained in the embodied modality.
In this sense, LLMs learn to perceive "affordances" in their "environment". Importantly, the tokens it
outputs are not to be thought of as words but as (motor) actions.
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