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Figure 3. Simulation results for the MWM (top) and the Starmaze (bottom).

4 Discussion

Numerous computational models have been put forth to study the cerebellar role in
adaptive motor learning (e.g., [11]). Although a large portion of these works called
upon analogue firing-rate units, some of them proposed spiking neuronal models to
investigate how timing information is processed within the cerebellum (e.g., [12]).
Yet, to our knowledge, none of these works addressed the issue of the role of the
cerebellum in high-level functions such as spatial cognition. We present a spiking
neural network model of the cerebellar microcomplex that learns to optimise
navigation trajectories, which is relevant to the procedural mnemonic component of
spatial cognition. It is shown that the system can acquire closed-loop representations
of the sensorimotor properties of a simulated mouse.

On the one hand, the model reproduces most of the experimental findings by
Burguiere et al. (2005) [3] on the spatial learning impairments of L7-PKCI mice
(which have a LTD deficit at PF — PC synapses). Consequently, our results
corroborate the interpretation drawn by Burguiére et al. (2005) that cerebellar LTD
plays a significant role in optimising goal-directed trajectories through a continuous
adaptation process that minimises motor-command execution errors locally. Indeed,
simulated L7-PKCI mice were impaired to acquire such a procedural capability, and
their navigation trajectories were suboptimal due to cumulative motor execution
errors over time. Thus, their learning performances in the MWM were significantly
poorer than control subjects.

On the other hand, because our modelling approach permitted to isolate the
procedural component of spatial cognition, we provide a slightly different
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interpretation of a part of the experimental data. Since simulated controls and mutants
were provided with the same desired navigation trajectories, we could verify the
hypothesis that declarative spatial learning was unaffected in L7-PKCI subjects. In
other words, we could challenge the hypothesis that the entire set of findings reported
by Burguiére et al. (2005) could be ascribed to a local procedural deficit only. Our
preliminary findings may suggest that a purely procedural deficit cannot explain why
real L7-PKCI mice exhibited coarser goal-searching behaviours than controls - i.e.,
they spent significantly less time within the target quadrant of the MWM, and showed
larger searching zones during the entire training period. Could a more global spatial
learning process (eventually taking place upstream the cerebellum) be responsible for
such impairments? In order to corroborate or refute this hypothesis, a series of new
simulations and new analyses of data from Burguiére et al. (2005) are currently being
performed. If these results were confirmed, this work would put forth the prediction
that the lack of cerebellar LTD in L7-PKCI mice might also affect the declarative
component of spatial cognition. A way to test this prediction experimentally would be
for instance to perform electrophysiological recordings of pyramidal cells in the
hippocampal formation (CA1-CA3 place cells and entorhinal grid cells) from L7-
PKCI mice.
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