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using the language of dynamical systems.
Dynamical systems approaches to cognition have typically examined pro-

cesses at the behavioural timescale such as discrimination, coordination, and
learning, (e.g., Beer, 2003; Kelso,
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between inner stability and external behaviour into our model through the
use of homeostatic mechanisms (as only one possibility for achieving this),
important aspects of preferences
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As can be seen in both cases, the agent’s behaviour does not switch in
the period tested; it keeps approaching the light it preferred before stopping
plasticity. While the behaviours are sustained, the internal dynamics is also
maintained within the each region as much as before plasticity was stopped.

It should be noted that it is possible for a CTRNN to switch the internal
dynamics into another region without changing the network weights (e.g.,
Phattanasri, Chiel & Beer, submitted). If so, it means that the agent’s
behaviour transition might be happening without explicit synaptic plasticity.
However, it is clear that, at least in the ti5.srA8mple>BDCflqd
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5.3 What makes a preference change?

It was shown that plasticity drastically affects the possibility of behavioural
transitions but this does not mean that the transitions are caused solely by
factors internal to the agent. Generally, it is difficult to discuss causation
in the context of complex embodied dynamical systems. However, in this
section, we try to make a distinction between endogenous dynamics and
externally-driven interactions in terms of the susceptibility to the environ-
ment in order to study the effect of different factors affecting the switch of
preference.

5.3.1 Persistence of preference

We investigate the persistence of the preference for a light type. In this
experiment, the positions of the two lights are swapped at some point dur-
ing the approaching behaviour. If ing thesr 0 Td
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for a target light even when it is no longer detectable and avoids approaching
the alternative target that is present. Here it is possible to draw a parallel
between the persistence of preference and the similar phenomenon of object
permanence observed in infant experiments by Piaget (1954). According to
Piaget, the concept of an object as something that has an ongoing existence
independent of the observer is not immediately given. The lack of such con-
cept is his explanation of the famous A-not-B error in which 7-12 month
old infants search for a toy, not in the location they have just seen it being
hidden, but in the location where they searchedth
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tunities for behavioural change will not affect the behavioural and neural
flow. The agent may even be “blind” to stimulations corresponding to these
alternative behaviours. Such are the committed modes. In other cases, even
if the actual behaviour shows a stable trajectory towards a target, the sen-
sitivity to environmental variability may be higher. These are the open or
un-committed modes which may result, in the appropriate circumstances in
a change of preference. Between the two modes lies a spectrum of interme-
diate possibilities.

The results justify the choice of the Spinozist inspiration for the design of
our model. This view allows us to pose the problem of preferred behaviour
in dynamical terms, and of the change of preference in terms of change of
conatus. In turn, the operationalization of commitment proposed in this pa-
per feeds back into the task of understanding conatus dynamically. In this
way, a dynamical systems approach to preferences (and associated cognitive
phenomena such as decision making) looks for global dynamical properties
at the internal and interactive levels to determine whether a behaviour is
preferred or not, chosen with strong or weak commitment. Of course, in
many cases the specific determination of preference carried out in this pa-
per (resetting the agent to a given state and altering its environment) may
be hard or impossible to achieve. In such cases, alternative or derivative
operationalizations will be required.

As a final note on autonomy, it is clear that in our model the achieve-
ment of committed or open modes of sensorimotor flows is done through the
history of interaction by the agent itself. However, the fact remains that its
autonomy is severely limited by the arbitrary imposition of the two inter-
nal homeostatic regions. We believe that in reality the condition of using a
strict region corresponding to zero plasticity may be relaxed and that the
dynamics may consist of moving gradients of plasticity and the spontaneous
formation of highly stable regions where plastic change is small and in gen-
eral pointing back into the same stable region. Designing an agent where
such homeostatic regions are themselves the consequence of the agent’s own
activity will be a further step towards strongly autonomous behaviour. In
a sense, such an agent will not only be switching spontaneously between
a choice of externally-provided goals, it will be creating its own goals as a
consequence of its history of interactions.
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