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Abstract: In proceeding from simple communication to full-blown language, it may have been critical to better
understand one’s own internal state, as much as it was to infer that of others. The mirror system may have allowed
such a more elaborate understanding of oneself just like it allowed the understanding of more complex
gestures/utterances of others.

In the target article, Arbib advances two important points regarding the mirror system. First, the mirror system
supports the parity property (Section 2.1), and second, such a property can be learned through experience (Section
3.2). The parity property basically states that ‘ ‘what counts for the speaker (or producer) must count for the listener
(or receiver).’ ’  Thus, its concern is mostly about inferring the intention of others. An interesting question is, can this
property also apply to the first-person, i.e., can the parity property be applied in understanding one’s own internal
state (such as a perceptual state)? Another question is, if such a property is to be learned, what kind of criterion (other
than minimizing the obvious input-output mapping error) can be used to guide the learning process?

A simple thought experiment allows us to think more clearly about both of these issue (Choe and Bhamidipati 2004).
For example, consider a simple perceptual agent illustrated in Figure 1. The agent has a single visual filter f, which is 
a function f:I S, where I is the current input in the visual field and S is the output state value (e.g., a neuronal spike
which can be either 0 or 1). Suppose this visual filter f is highly tuned to an oriented line at 45° (i.e., its receptive field
has a 45° orientation preference). Given only this, can this agent figure out that S was triggered by an external 
perceptual input that is a 45° line, just by looking at S, and that without any knowledge about the particular form of
the function f? In other words, can the agent figure out the meaning of its internal state S? Obviously, given only S, 
such an agent will not be able to infer the property of I because S is just a spike (0 or 1), an arbitrary ‘‘sign’’. For 
example, someone inside the box in Figure 1 cannot even answer an easier question of whether S was caused by 
visual input or auditory input (or for that matter, any other kind of sensory input; cf. Sharma et al. 2000). A clue can
be found in the sensory substitution experiments by Bach-y-Rita (1972), where a tactile display was perceived to be
visual in nature by a blind subject when voluntary motion was permitted, to dynamically alter the perceived tactile
state coupled to a video camera.
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Figure 1. A simple perceptual agent

Thus, the only solution to this problem may be to allow the agent to generate action, e.g., gazing at different locations
of the input by actively moving around its visual field. The key insight here is that the kind of motion that keeps the
state S invariant over time during the execution of action exactly reflects the oriented property of the input stimulus I
(and hence that of the filter f). For example, in Figure 1, the only motion that can keep the state S invariant (i.e., fixed
at 1) is to move the visual field back and forth in the 45° diagonal, and such a motion exactly reflects the stimulus
property encoded by f. Thus, even without any knowledge about I nor about f, the agent can learn (in an unsupervised
manner) what its internal state S means through action that maintains invariance in S. Based on the above, two points
become clear: (1) voluntary action can provide meaning to one’s internal perceptual state, and (2) maintained
invariance in the internal perceptual state can serve as a criterion (or an objective) for learning the appropriate action
sequence. It is easy to see how the example discussed here can be extended to gesture recognition (the function f for
the gesture I) and the generation of an analogous act (action based only on S), where invariance in the mirror neuron
may serve as a learning criterion. Thus, it may be the case that mirror-system-like perception-action coupling may be
playing an important semantic, epistemic role about one’s own internal state. In other words, the parity property can
be applied internally to better understand one’s own internal state: what counts for my voluntary actions counts for
my own perceptual states. An interesting question is whether it is also possible that such a development preceded that
of communication and language: one must possess (raw) semantics before any form of communication (with others)
becomes possible. If this is true, Arbib’s rejection of the ‘ ‘mirror system for concepts’ ’  (Hurford 2003a) in Section 5
may have to be reevaluated, because the mirror system may in fact be involved in the neural representation of the
‘ ‘signified,’ ’  and not just the ‘ ‘sign.’ ’  Arbib may be right in that ‘ ‘mirror schema’ ’  only occurs very rarely, but we
can also think of these mirror schemas as forming the semantic building block for a more open ended ‘ ‘schema
network of concepts.’ ’  Thus, beyond the mirror system, a population of neurons (not just a single neuron) may take
on the mirror property as it becomes necessary to grasp more complex, combinatorial concepts, and such a population
may dynamically change over time as needed.

In sum, the mirror system can be used not only for the communication between individuals, but also for a better
understanding of one’s own internal state through action if its perception-action coupling function is directed inward.
Such a form of self-understanding may be present in animals at all levels, but it may have become more complex and
elaborate in humans as the mirror system progressed from imitating a simple to a complex set of actions (Section 1.2,
S3 to S4). I.e., the depth of self-understanding in humans may have grown exponentially in a ‘ ‘spiral,’ ’  tangled
together with the emergence of language. Finally, the discussion above also sheds some light on how the mirror
property can be learned through experience, and what kind of learning criterion may have been used (i.e., that of
sensory invariance).
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