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Maturational Constraints Lifted by Self-Organization
in Perceptual Space for Cognitive Learning
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It has been suggested that cognitive learning is enhanced by perceptual immaturity in

infancy, which is called maturational constraints.

This paper demonstrates the role of visual

maturational constraints lifted by self-organization in the learner’s visual space. As a case study
of cognitive learning, a robot learns the mirror neuron system (MNS) by associating self-motor
commands with observed motions while the observed motions are gradually self-organized. A

temporal convergence of the self-organization triggers visual development. Experimental results
show that the self-triggered development enables the robot to adaptively change the speed of the
development and thus to acquire clearer correspondence between self and other (i.e., the MNS).
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Fig.1 Human-robot interaction for emergence of the MNS
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Fig.2 A model for emergence of the MNS acquired through visual
development. Observed optical flows are spatiotemporally filtered
with a Gaussian. The width of filter is determined by the progress
of self-organization in V. In the early stage of development (a),
the robot associates between motor commands with visual clus-
ters which do not differentiated self- from other-motion. In the
latter stage of development (b), a narrow filter cause the differ-
entiated clusters while maintaining the association with the same
motor commands, namely the MNS.
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Fig.3 Samples of visual coding using spatiotemporal Gaussian
filters. Immature vision (a) inhibits the detection of differences
between self- (left) and other-motions (right). Matured vision (b)
enables the robot to differentiate self from other.
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Fig.4 Sensorimotor mapping acquired through associative learn-
ing. The connection weights enclosed by an ellipse are correct
correspondence between other’s motions and self’s motor com-
mands.
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Table 1 Connection weights between corresponding self- and oth-
er-motions
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Fig.5 Schedules of visual development. The solid and the dashed
lines are self-triggered and manual development, respectively.
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