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INTRODUCTION: A current topic in motor learning is the involvement of the cerebellum in 
learning to control dynamic objects. Most previous studies have been focusing on goal-
directed reaching movements perturbed by spring-damper dynamics.  

In this study, it was examined which cerebellar regions support (i) fine motor control as 
measured by the precision in hand movement amplitude and timing, and (ii) the capability of 
learning to control a dynamic object, namely a simulated cart-pole system. 

METHODS: 19 young adult subjects with chronic surgical cerebellar lesions (mild to 
moderate ataxia symptoms) and 9 age-matched healthy controls learned to balance a virtual 
cart-pole system by applying continuous forces to the cart using a joystick-like input device. 
On each of five subsequent days, subjects (i) performed two tasks of fine motor control, and 
(ii) trained the cart-pole balancing task for 30 minutes. In the cart-pole simulation, the gravity 
was increased after every 30-seconds long trial increasing task difficulty. 

Cerebellar subjects’ lesions were manually traced in individual 3D magnetic resonance 
imaging (MRI) data sets and spatially normalized using a method optimized for the 
cerebellum (www.diedrichsenlab.org). To identify structures involved in the examined tasks 
subtraction analysis and, for statistical confirmation, Liebermeister tests were applied. 

RESULTS: Cerebellar subjects showed in average a decreased precision of amplitude and 
timing in the fine motor control tasks. In the cart-pole balancing task all healthy subjects 
reached the maximum gravity, but only eleven of the 19 cerebellar subjects. Four of 19 
cerebellar subjects reached a cart-pole balancing performance comparable to controls. There 
was a significant but weak correlation between the performance in the fine motor control 
tasks and the cart-pole task, suggesting the influence of additional factors. Cerebellar subjects 
who reached the maximum gravity but were not able to balance the system on average as long 
as the healthy controls showed significantly decreased precision in movement timing 
(p<0.05). 

Based on control subjects’ performances in the different tasks cerebellar subjects were 
divided into an impaired and unimpaired group (99% CI) allowing for subtraction and binary 



statistical analysis. Lesions of the interposed nucleus, lobules V and VI were associated with 
reduced precision of movement amplitude, whereas decreased precision in movement timing 
and cart-pole balancing performance were associated with lesions of the dentate nucleus, 
lobules V, VI and Crus I.  

CONCLUSION: Learning to control dynamic objects such as the cart-pole system depends 
on the integrity of the cerebellum. Intermediate and lateral cerebellar regions play a role. 
Although precise fine-motor control is a necessary requirement, it is not sufficient to perform 
well in the cart-pole balancing task.  
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