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CEREBELLAR CONTROL O F PROPRIOCEPTIVE G A M : A NEW
PARADIGM
M. Gorassini and A. Prochazka, Division of
Neuroscience, Univ. of Alberta, Edmonton, Alberta, T6G 2S2,
CANADA.
It is thought that one of the roles of the cerebellum 1s to control the
gain of sensorimotor transmission in extracerebellar reflex pathways, In
particular, the proprioceptive system. Sherrington has called the
cerebellum the "head ganglion" of the proprioceptive system We wish to
test the hypothesis that the cerebellum controls the stretch sensitiv~tyof
muscle spindle receptors by influencing fnsimotor output. Perhaps
abnormalities in the control of proprioceptive gain contribute to the
ataxia and tremor seen in cerebellar disease T o test this, we have
developed a preparation that will allow us to record muscle afferent
discharge dvring reversible inactivation of the cerebellar cortex in the
freely moving cat. An injection port chronically placed over the
paravermal cortex acts as a guide for the injection of 100 p1 of 2%
lidocaine onto the cortical surface. Recording microelectrodes are inserted
into the L7 dorsal root ganglion and single unit activity is transmitted by
telemetry. T o date, we have implanted two cats and have observed in
both, marked ataxia and large postural deficitsin l m b s ipsilateral to the
injection site. These deficitsare reversible and temporary, lasting for only
3 to 5 minutes on average. If fusimotor abnormalities contribute to this
ataxia, we will be able to monitor this in the afferent recordings. In
support of this, we have observed a marked increase in spindle discharge
upon injection of lidocaine and cooling of the cerebellar cortex in two
acute experiments.
(Supported by MRCof CANADA.)
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SITES OP MOTOR LEARNING IN THE VESIBULO-OCULAR REFLEX
(VOR) PREDICTED BY A DYNAMICAL NETWORK MODEL. LL
Seinowski and S.G. Lisbereer, The Salk Institute, Ia lolla, CA 92037, and
Department of Physiology, University of California, San Francisco, 94143.
A dynamical neural network model of the VOR and smooth pursuit eye
movements was used to explore possible sites of plasticity of the VOR. The
model had processing units that were nonlinear leaky integrators
interconnected in a pattern based o n 'the known anatomy of the VOR
pathways. There were two vestibule-motor pathways: a direct one
through the brainstem and a n indirect one through the cerebellar flocculus.
The flocculus also received negative visual feedback related to image
velocity and positive feedback related to output eye velocity. We used a
gradient descent optimization procedure i) to adjust the parameters of the
model so it achieved good tracking during VOR and smooth pursuit trials
and ii) to determine how the network would reduce the amplitude of the
VOR while maintaining excellent pursuit.
Reductions in the amplitude of the VOR in the model were achieved by
decreasing the connection weights in the vestibular input to the brainstem.
The connection weights in the vestibular input to the flocculus increased
during the early stages of learning, as suggested by M. Ito, but decreased
during the later stages, as demonstrated by F. Miles et al. Because gradient
descent optimization allowed learning at all sites in the model, w e
conclude that the pattern of weight changes resulted from other factors,
such as the anatomical structure of the network and the requirement for
accurate dynamic tracking during visual and vestibular stimulation.
Similar factors may determine the sites of local learning mechanisms in the
VOR pathways in the brain. (Supported by DARPA through the Office of
Naval Research and the Howard Hughes Medical Institute).

A NETWORK MODEL OF THE CEREBELLUM THAT USES A TRAINED
SET O F PATTERN GENERATORS T O CONTROL A SINGLE DEGREEOF-FREEDOM JOINT. N.E. Berthier, A.G. Barto and J.C.Houk, Dcpt. of
Computer and Information Science, Univ. of Mass., Amherst, MA 01003.
Recently we proposed a model of motor control that considers the cerebellum
an array of modules that function aa adjustable pattern generators (APGs,
Houk et al., NeumlNetworks for Conlml, Miller, Sutton & Werbos, 1880). The
model requires that the correct subset of APGs be used for a given movement.
The selection and use of APGs is determined by the postsynaptic effects of
prop~ioceptiveand teleceptive parallel fibers that convey information about
the internal and external state of the organism. The response of an APG
to its inputs is adaptively altered by the action of climbing fibers which are
seen aa providing private training signals evaluating the APG's contribution to
movements.
The current research is an extension of previous work where APGs were
trained to control movements of a planer, kinematic arm. In that work a physiologically inspired learning rule was used to adapt parallel fibers conveying
target information to a Purkinje cell. Because only one target line was active
at a time thin was equivalent to adapting a single parallel fiber per trial. In the
present experiments, we ought to extend the learning rule to more realistic
situations where all the parallel fiber inputs to an APG are adapted and where
APGs must act cooperatively to control a single degree-of-freedom joint with
nonlinear muscle dynamics. Simulations were performed in which parallel fiber
inputs provided redundant, irrelevant, or distracting information. In these simulations, asubset of the APGs could be trained to move the joint to one target,
and a different subset trained to move the joint to another target of greater
joint angle. (Supported by ONR N00014-88-K-0339 and the McDonnell-Pew
Foundation for Cognitive Neuroscience.)
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COMPUTATIONAL MODELS OF THREE REGIONS OF THE CEREBEG
LUM. M. Kawato and A. Gomi*. ATR Auditory and Visual Perception Research Laboratories, Sanpeidani, Inuidani, Seika-cho, Soraku-gun, Kyoto 619-02
Japan.
In supervised motor learning, one of the most essential and difficult problems
is how to convert the error signal measured in the sensory space (trajectory error
in the task-oriented coordinates) into the error sienal for the motor command in
the coordinates of muscles. We proposed the feedback-error-learning approach
where the feedback motor command is used a s an error signal to train a neural
network which then generates a feedforward motor command. ,
The cerebellum is divided into three functionally distinct parts: the vestibulocerebellum, the spinocerebellum, and the cerebrocerebeUum with distinctive
anatomical connections although the cellular organization of the cerebellar cortex is simple, regular and uniform. The feedback-error-learning neural network
was originally proposed as a model for the cerebrocerebellnm. The spinocerqbellum receives sensory information from the periphery. We proposed a dosed loop
control system based on the feedback-error-learning as a model of the spinocerebellum. Flocculus is known to play an essential role in adaptive modification
of the vestibul~ocularreflex (VOR) and the optokinetic response (OKR). Although the neural circuit itself does not contain any feedback controller, the
visual system measures the combined eye and head velocity (retinal slip) and
plays a role of differential-type feedback controller converting trajectory error
into the motor command error. Our combined model of the flocculus and the
ventral part of the flocculus (thought to be apart of the flocculus until recently)
explains modification of the VOR, OKR and smooth pursuit. This model r e
solves the long lasting controversy about adaptive roles of the monkey flocculus
in the eye movements. Thus, learning functions of all the three parts of the cerebellum can be coherently understood by the feedback-error-learning scheme.

PRESYNAPTIC CIRCUITRY OF THE DORSALSPINOCEREBELLAR
TRACT I S A PARALLEL DISTRIBUTED NETWORK. C.E.Oshorn
and R.E.Pou~ele. Depts of Physiology, Michigan State Univ, East
Lansing, M I 48824 and Univ of Minnesota, Minneapolis M N 55455.
W e present a new description of the functional organization of the
dorsal spinocerebellar tract (DSCT) which accounts for the extensive
polysynaptic component of its behavior. A reevaluation of DSCT
function was required b y several recent findings including: 1)a profound
influence of interneurons on DSCTactivity evidenced by the polysynaptic
activation of 80% - 90% of the DSCT by afferents from a single muscle,
and 2) a widespread convergence of affferents from muscle, joint and
skin onto interneurons projecting to the DSCT.
We show in a representative population of DSCT neurons in cat that
the activity of individual cells is affected by diverse sensory receptors
activated by hindlimb movements. Population responses are characterized
by a distribution of diverse response types among the units'of DSCT.
W e found no evidence for distinct presynaptic pathways or functional cell
types. These data are consistent with a model for the DSCT having a
parallel distributed presynaptic circuitry. According to the model, DSCT
activity results from a weighted distributidn of inputs onto a n extensive
interneuronal network projecting to DSCT neurons.
Supported by NIH Grant N S 21143.
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