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Motor skill acquisition was investigated in patients with Parkinson’s
disease (PD) or cerebellar dysfunction using two sensory-guided
tracking tasks. The subjects had to learn to track a visual target
(a square) on a computer screen by moving a joystick under two
different conditions. In the unreversed task, the horizontal target
movements were semi-predictable and could be anticipated. In the
reversed task, the horizontal movements of a pointer which had to
be kept within the target square were mirror-reversed to the joy-
stick movements. PD patients showed intact learning of the semi-
predictable task and reduced learning of the mirror-reversed task;
patients with cerebellar dysfunction showed the opposite pattern.
These findings are discussed in relation to the differential contribu-
tion of the cerebellum and the striatum to motor skill acquisition:
the cerebellum appears to participate in the implementation of antic-
ipatory movements, whereas the striatum may be critically involved
in types of motor learning which require a high degree of internal
elaboration.
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1. Introduction

Skill acquisition refers to the ability to learn through
practice (see [6]). Motor skill learning is a typical
example of non-declarative learning, i.e., behavioural
changes as a result of experience that are not depen-
dent upon explicit reference to previous training ses-
sions or stored memory contents. Consistent with this
view, patients with severe amnesia were unimpaired
at acquiring motor skills in a range of tasks includ-
ing mirror drawing or rotor pursuit (see [24]). Intact
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hippocampal-diencephalic circuitry therefore does not
seem to be necessary for new motor learning.

The striatum and the cerebellum, on the other
hand, appear to be critically implicated in the acqui-
sition of motor skills, as suggested by theoretical ac-
counts and empirical evidence from animal studies
(e.g., [16, 18, 19]). Neuroimaging studies also con-
firmed that learning and automatisation of different
motor skills are accompanied by significant blood flow
changes in both brain areas, but the pattern of results
is far from consistent [6]. There is, e.g., disagreement
as to whether motor learning is associated with an in-
crease or decrease of cerebellar activity or whether
there is a shift from cerebellar to striatal and cortical
activation from the early stages of learning to increas-
ing automaticity. The findings of a particular study are
dependent upon the specific features of the learning
paradigm and the stage of acquisition at the time of
scanning (for a discussion see [6]).

Evidence from neuropsychological investigations
have also supported the hypothesis of a striatal and/or
cerebellar mediation of motor learning. Patients suf-
fering from Huntington’s or Parkinson’s disease (PD)
were found to be impaired at learning different types
of manual tracking tasks (e.g., [8, 10, 11]). Other stud-
ies, however, reported intact sensorimotor learning of
PD patients on such tasks, and whether or not a deficit
is observed may be contingent upon the severity of
motor dysfunction which – in most cases – implies
pathological changes outside the basal ganglia (for a
summary see [15]). Patients with pathology limited
to the cerebellum had problems in learning to trace a
geometrical pattern in a skillful manner under normal
visual guidance (but not under mirror-reversed condi-
tions). This finding was attributed to deficient move-
ment strategies [21].

Neuropsychological studies in which an identical or
conceptually very similar learning task was adminis-
tered to both patients with basal ganglia disorders and
patients with cerebellar dysfunction are sparse. The
findings available so far suggest that the two brain re-
gions partly differ in their involvement in motor learn-
ing. A frequently used neuropsychological learning
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paradigm is the serial reaction time task (SRT) which
requires the acquisition of a sequence of new senso-
rimotor associations between the spatial positions of
stimuli and responses. In a direct comparison of both
groups, patients with cerebellar degeneration showed
a pronounced deficit in learning this task, whereas the
impairment of PD patients was relatively mild [20].
Other authors, however, have reported a comparable
impairment of both patient groups on the SRT task [7].
Factors such as sample differences in disease sever-
ity and the presence of cognitive deficits may partly
account for such discrepant results, since PD patients
with frontal signs were found to perform worse on the
SRT task than patients with intact frontal function [14].

Clearer dissociations between the performance of
PD patients and patients with cerebellar pathology
were observed in a simple associative motor learn-
ing task, classical eyeblink conditioning. Patients
with cerebellar pathology were unable to acquire con-
ditioned motor responses, whereas conditioning was
unimpaired in early PD in the same experimental pro-
cedure [3, 5].

The aim of this study was to further investigate
the specific contribution of the cerebellum and the
basal ganglia to motor learning, using two continuous
visually-guided tracking tasks which differed with re-
spect to movement predictability and demands on vi-
suomotor integration. To our knowledge, acquisition
of manual tracking has not yet been compared in PD
patients and patients with cerebellar dysfunction. A
particular issue of interest was to explore whether pre-
dictability and visuomotor demands, factors which are
known to influence motor skill acquisition [15] dif-
ferentially affected the learning curves of both patient
groups.

2. Method

2.1. Subjects

A group of patients with idiopathic Parkinson’s dis-
ease (PD) and a group of patients with cerebellar disor-
ders (CERE) took part in this study. All patients were
recruited from the outpatient clinic of the Department
of Neurology, University of Tübingen. As the patient
groups differed on sample size and the presence of
left-handers, two separate healthy control groups were
formed. For each patient group, a group of normal
control subjects (NC) closely matched to the patients
on background variables (sex, age, handedness) was

selected from a larger pool of healthy volunteers re-
cruited by advertisements. None of the controls had
a history of psychiatric or neurological problems or
took medication at the time of testing. The study was
conducted with approval by the local ethics committee.

2.2. Parkinson’s disease patients and their control
subjects

The Parkinson’s disease patients (group PD) in-
cluded 9 men and 5 women in the earlier stages of
the disease (average age = 53.1 yrs, SD = 13.1). Six
patients were rated as grade I and 9 patients as grade
II on the Hoehn and Yahr scale [12]. At the time of
testing, 2 patients did not take any antiparkinsonian
drugs. The remaining patients were on stable med-
ication consisting of L-Dopa in combination with a
MAO-B-inhibitor, a D2- agonist and/or a noncompet-
itive NMDA-antagonist. None of the patients had un-
dergone neurosurgical operation or showed evidence
of dementia in a comprehensive neuropsychological
battery including tests of memory and executive func-
tion (see [4]). Patients who experienced fluctuations
of motor capacities were tested at a time during the
day when they subjectively felt that they had optimum
motor functioning.

A group of 14 healthy volunteers (9 men, 5 women,
group NC) also completed the tasks. Their mean age
was 50.9 years (SD = 11.4). All PD patients and
control subjects were right-handed.

2.3. Patients with cerebellar dysfunction and their
control subjects

The group of patients with cerebellar dysfunction
(group CERE) comprised 4 men and 4 women (aver-
age age = 58.4 years, SD = 15.0). Five patients suf-
fered from idiopathic cerebellar ataxia (ICA), one pa-
tient had a diagnosis of autosomal dominant cerebellar
ataxia (ADCA). The ICA diagnosis was based on clin-
ical signs of a purely cerebellar syndrome (stance or
gait ataxia, oculomotor signs, dysmetria or intention
tremor of the upper limbs and dysarthria) and MRI
evidence of atrophy restricted to the cerebellum. The
ADCA patient had a family history of cerebellar ataxia.
The two remaining patients showed an ischemic lesion
which involved the paravermal superior portions of the
right cerebellum, as documented by MRI evidence.
Two of the cerebellar ataxia patients were medicated
with the serotonin precursor 5-hydroxytryptophan, the
two ischemia patients were taking a low dosis of as-
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pirin. None of the CERE patients showed evidence of
dementia (see [2]).

The comparison group consisted of 8 healthy vol-
unteers (4 men, 4 women, group NC) with a mean age
of 58.9 years (SD = 9.5). One CERE patient and one
NC subject were left-handed, all other subjects were
right-handed.

2.4. Tracking tasks

Two tracking tasks were developed on the basis of a
procedure described by Frith and coworkers [8]. The
subjects were instructed to try to keep a pointer (a
cross) within a moving target (a 7 mm square) which
appeared on a computer screen. The position of the
pointer was controlled by a small 3.5 cm joystick which
the subject operated by his/her preferred hand. One
cm movement of the joystick translated into 3.75 cm
of pointer movement on the screen. The horizontal
and vertical movements of the target were varied inde-
pendently. The movement directions were determined
every 25 msec by the combination of sine waves.

Unreversed tracking task. In the unreversed tracking
task, the horizontal movements were determined by a
single sine wave of 0.15 Hz and were therefore regu-
lar and predictable. The vertical movements resulted
from a combination of 3 different sine waves (0.06 Hz,
0.11 Hz, 0.23 Hz) which resulted in an unpredictable
movement.

The frequency of the horizontal movement was
changed from 0.3 Hz in the Frith et al. [8] study to
0.15 Hz because in pilot investigations two patients
with cerebellar disorders and two elderly PD patients
had extreme difficulties with performing the task. This
reduction in frequency made a later exclusion of sub-
jects obsolete, since all participants were more than
5% of the time on target (see [8]).

Reversed tracking task. In the reversed tracking task,
both horizontal and vertical movements were unpre-
dictable and determined by the combination of 3 sine
waves (horizontal: 0.03 Hz, 0.21 Hz, 0.32 Hz; verti-
cal: 0.05 Hz, 0.19 Hz, 0.33 Hz). In addition, the di-
rection between the movements of the joystick and the
pointer were mirror-reversed in horizontal direction,
i.e., joystick movements to the left resulted in pointer
movements to the right on the screen and vice versa.

2.5. Procedure

At the beginning of the testing session, the subjects
practiced controlling the position of the pointer on the

screen by operating the joystick (without the target
square being shown), until they stated that they were
confident in controlling the pointer using the joystick.
This was followed by 3 minutes of continuous prac-
tice of the unreversed tracking task and a 6 min rest.
After the break, a second 3 min training session was
performed. In accordance with the procedure used by
Frith et al. [8], the participants were not given any in-
formation about the regularity of the horizontal move-
ments in the unreversed task. After 20 min of unre-
lated tests, the subjects were instructed that the move-
ments of the pointer on the screen and the joystick were
mirror-reversed in the following tests, and the partici-
pants practiced the new pattern of control. They then
completed two 3 min training sessions of the reversed
task which were again separated by a 6 min rest. In
a brief post-experimental interview the subjects were
asked whether they had noticed anything special while
performing the tasks.

Analysis. The two training sessions of the unreversed
and the reversed tracking tasks were subdivided into
6 trials of 30 sec each. For each trial, the total time
for which the subject was able to keep the pointer
within the target limits (i.e., the 7 × 7 mm square)
was determined (in %). All participants fulfilled the
criterion that their performance was ‘on target’ in the
horizontal and vertical directions for more than 5% of
the time (see [8]), therefore the data of all subjects
entered analysis.

In accordance with the procedure used by Frith and
coworkers [8], the difference between the time-on-
target scores during the first two 30 sec trials of each
session were analysed as a measure of the acquisition
of a motor set. Set acquisition is thought to reflect the
short-term adaptation of a motor program to the spe-
cific requirements of a task (see [8]). For both tracking
tasks, set acquisition was analysed by repeated mea-
sures ANOVA with the factors Group (PD or CERE
vs. their respective NC), Session (1 vs. 2) and Trial
(first vs. second 30 sec interval).

Improvements of the time-on-target scores during
the course of trials 2 to 6 within each session have been
interpreted as temporary learning, whereas between-
session improvements are thought to reflect more per-
manent learning and increasing automatisation [8].
These two aspects of motor learning were analysed
by repeated measures ANOVA with the factors Group
(PD or CERE vs. their respective NC), Session (1 vs.
2) and Trials (second to sixth 30 sec interval, linear
trend).
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3. Results

3.1. Skill acquisition in Parkinson’s disease patients

Unreversed tracking task. The time-on-target data
for the PD patients and their NC subjects are shown
in Fig. 1, separately for the predictable horizontal and
the unpredictable vertical directions.

In all analyses described in the following, signifi-
cant main Group effects were observed (all p < 0.01)
which indicate that the PD patients generally had more
problems in performing the tracking tasks than the
controls. The main Group effects are not separately
described for each ANOVA.

Analysis of adaptation for the predictable horizon-
tal direction yielded a significant interaction (Group×
Session×Trial, F (1, 26) = 9.12, p = 0.006). The NC
subjects showed a large improvement within the first
minute of the first session, whereas the scores of the
PD patients decreased; there were no group differences
at the beginning of the second session. For the un-
predictable vertical direction, the controls also showed
significant improvements within the first minute of
tracking, whereas there were no significant changes
in the PD patients (Group × Trial, F (1, 26) = 6.80,
p = 0.015).

Significant learning was observed within and be-
tween sessions for both the horizontal and verti-
cal directions (Trial (linear trend) and Session, all
F (1, 26) > 8.36, all p < 0.009). There were no sig-
nificant interactions involving the Group factor, i.e.,
no significant group differences with respect to mea-
sures of temporary and permanent learning. The PD
patients alone showed significant motor skill acquisi-
tion in terms of significant between-session improve-
ments in tracking performance both for the predictable
horizontal (p < 0.001) and the unpredictable vertical
direction (p = 0.007).

Reversed tracking task. The tracking data for the re-
versed tracking task are depicted in Fig. 2, separately
for the mirror-reversed horizontal and the unreversed
vertical direction.

The NC group tended to increase their time-on-
target scores within the first minute of mirror-reversed
tracking, whereas the PD patients tended to decrease
their scores (Group × Trial, F (1, 26) = 7.98, p =
0.009); there were no significant group differences for
the vertical direction.

Significant learning effects emerged in the analysis
of the tracking data both within and between sessions

(Trial and Session, all F (1, 26) > 8.55, p < 0.008).
However, the improvements of the tracking scores
from the first to the second session were significantly
larger in the NC group compared to the PD patients,
for both the mirror-reversed horizontal and the unre-
versed vertical components (Group × Session, both
F (1, 26) > 9.79, p < 0.005). Analysis of tempo-
rary within-session learning did not yield significant
group differences. The PD patients alone did not
show significant skill acquisition in terms of between-
session improvements, neither for the reversed hori-
zontal (p = 0.16) nor for the unreversed vertical di-
rection (p = 0.21).

Two PD patients (14.3%) and 3 NC subjects (21.4%)
reported in the post-experimental interview that they
had noticed that the horizontal movement of the tar-
get was regular and predictable when they practiced
the unreversed task. The proportion of subjects who
had gained insight into features of the task which were
relevant for behavioural control thus did not differ be-
tween the two groups.

3.2. Skill acquisition in patients with cerebellar
dysfunction

Unreversed tracking task. The tracking data of the
CERE patients and their respective control subjects
are illustrated in Fig. 3, separately for the predictable
horizontal and the unpredictable vertical directions.

With the exception of the horizontal direction of the
mirror-reversed task which yielded only a tendency
towards group differences in overall time-on-target
(p = 0.094), all other comparisons described in the
following yielded significant main Group effects (all
p < 0.035) which indicates a general motor execution
deficit in patients with cerebellar dysfunction. These
main effects are not separately discussed for each anal-
ysis.

Analysis of the tracking scores for the first minute
of each session yielded significant improvements from
the first to the second 30 sec trial for the horizontal
direction (Trial, F (1, 14) = 7.18, p = 0.018), the
scores for the vertical direction did not reach signifi-
cance. There were no significant group differences for
this measure of short-term adaptation.

For the predictable horizontal direction, the time-
on-target scores improved significantly within each
session and from the first to the second session (Trial
and Session, both F (1, 14) > 6.40, p < 0.025). The
CERE patients, however, showed a smaller improve-
ment over sessions than the NC subjects (Group ×
Session, F (1, 14) = 5.55, p = 0.034), whereas anal-
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Fig. 1. Mean time on target (and SEM) for the predictable hor-
izontal component (upper graph) and the unpredictable vertical
component (lower graph) of the unreversed manual tracking task
(PD = Parkinson’s disease patients; NC = control subjects).

Fig. 2. Mean time on target (and SEM) for the mirror-reversed
horizontal component (upper graph) and the unreversed vertical
component (lower graph) of the reversed manual tracking task
(PD = Parkinson’s disease patients; NC = control subjects).
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Fig. 3. Mean time on target (and SEM) for the predictable horizontal
component (upper graph) and the unpredictable vertical component
(lower graph) of the unreversed manual tracking task (CERE =
patients with cerebellar dysfunction; NC = control subjects).

Fig. 4. Mean time on target (and SEM) for the mirror-reversed
horizontal component (upper graph) and the unreversed vertical
component (lower graph) of the reversed manual tracking task
(CERE = patients with cerebellar dysfunction; NC = control sub-
jects).
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ysis of the temporary within-session effects did not
yield a significant group difference.

The tracking data for the vertical direction indi-
cated significant learning across sessions (Session,
F (1, 14) = 13.65, p = 0.002); the within-session
changes after initial adaptation did, however, not reach
significance (linear trend: p = 0.12). None of the
interactions involving measures of temporary or more
permanent learning and the Group factor reached sig-
nificance.

Analysis of the data of the CERE group alone in-
dicated that there was no significant motor skill learn-
ing on the unreversed task, since there was no signifi-
cant between-session improvement in tracking perfor-
mance either for the predictable horizontal (p = 0.16)
or for the unpredictable vertical direction (p = 0.21).

Reversed tracking task. The tracking data for the re-
versed tracking condition are illustrated in Fig. 4, sep-
arately for the mirror-reversed horizontal and the un-
reversed vertical target movements.

There were no significant changes for the time-on-
target scores between the first and the second 30 sec
trials either for the mirror-reversed or the vertical di-
rection.

For both directions, the time-on-target scores im-
proved significantly both within and between sessions
(Trial and Session, both F (1, 14) > 9.67, p < 0.009).
None of the interactions involving the Group factor
reached significance, i.e., the CERE and the NC groups
did not differ with respect to the temporary and more
permanent learning effects.

Analysis of the learning curves of the CERE pa-
tients alone indicated that there was evidence for mo-
tor skill acquisition on the mirror-reversed task: the
between-session effects were near-significant both for
the reversed horizontal component (p = 0.055) and
the unreversed vertical component (p = 0.055).

Two CERE patients (25%) and two NC subjects
(25%) reported during the post-experimental interview
that they had noticed that the horizontal target move-
ments were regular and predictable when they prac-
ticed the unreversed task. The proportion of sub-
jects who had gained declarative knowledge about
task-relevant information was thus identical in the two
groups.

4. Discussion

The aim of this study was to investigate the differ-
ential involvement of the striatum and the cerebellum

in motor skill acquisition by comparing the learning
curves of PD patients and patients with cerebellar dys-
function to those of matched healthy volunteers. The
acquisition data of normal subjects for both unreversed
and reversed visually-guided tracking show clear sim-
ilarities to the learning patterns generally reported in
manual tracking paradigms and also observed by Frith
and coworkers [8] in the study which formed the ba-
sis for the experimental set-up used in our investiga-
tion. The learning curves are characterised by im-
provements within the first minute of practice; this
is followed by small increases of the time-on-target
scores within the next two minutes. After a rest break,
a large improvement in tracking performance occurs
in the second relative to the first 3-min training ses-
sion. Between-session increases in the time-on-target
scores have been interpreted as evidence of increas-
ing automatisation, more permanent learning or – in
other terms – of the acquisition of a skill (see [8]).
These effects were statistically significant for the con-
trol subjects in all analyses carried out for the different
tracking measures.

As mentioned above, the tracking tasks were mod-
elled on the procedure described by Frith et al. [8]. One
procedural difference was the frequency of the hori-
zontal target movement in the semi-predictable task
which was halved in the present investigation in order
to be able to include as many patients as possible (see
Methods). This led to larger time-on-target scores for
the vertical component in the control subjects, and to
a lesser extent also in the PD patients compared to
the Frith et al. study [8], whereas the scores for the
horizontal direction were not markedly different. It is
conceivable that subjects in the present study allocated
more resources to tracking the vertical direction since
the horizontal direction was slowed down and there-
fore less demanding. There were, however, no ap-
parent ceiling effects, since significant improvements
were observed in the control group despite high initial
time-on-target scores. In the mirror-reversed condi-
tion, the overall performance of the control subjects
was poorer than the scores reported in the Frith et al.
study [8] for the horizontal direction. Whether this
performance difference relates to minor differences in
the experimental set-up (e.g., concerning the gain or
the length of the joystick) cannot be answered conclu-
sively.

The main purpose of this investigation was to anal-
yse the motor learning pattern of patients with differ-
ent types of motor system disorders, i.e., patients with
striatal or cerebellar dysfunction. Both patient groups
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showed evidence of motor skill acquisition deficits
compared to the learning curves of their matched con-
trol subjects, but the specific pattern of impairment was
different. It may be argued that the general motor per-
formance deficit observed in PD patients and patients
with cerebellar dysfunction relative to control subjects
(and also reported for PD by Frith et al. [8] on a similar
tracking task) does not allow an interpretation of the
learning data. However, the finding that both patient
groups showed preserved learning relative to controls
on some aspects of the tasks while being impaired on
others indicates that a motor deficit alone cannot ex-
plain the more specific skill acquisition impairments.
In addition, within-group analyses suggested that PD
patients showed significant learning on the unreversed
but not the mirror-reversed task, whereas the CERE
patients tended to show the opposite pattern. This find-
ing may be seen as evidence for dissociable difficulties
in motor skill acquisition in the two patient groups.

PD patients consistently had problems in adaptation
or acquisition of a motor set within the first minute of
tracking. These results are consistent with the obser-
vations reported by Frith et al. [8] and they have been
attributed to temporary problems in adapting existing
motor programs to novel situations. As the time-on-
target scores of the PD patients increased to a very
small degree or – in some instances – even decreased
over the first minute of practice, it might be argued
that the term ‘adaptation’ does not apply to the data
of the PD patients. Instead, the change within the first
minute might reflect changes in strategy that are made
necessary by the motor disorder and – at least in case
of the semi-predictable task – enabled the PD patients
to improve their tracking performance over time. The
degree of this improvement did not differ from the
controls.

Deficits in the components of learning which rep-
resent skill acquisition were only observed for mirror-
reversed tracking and therefore under conditions of
more difficult visuo-motor coordination when oppos-
ing visual and proprioceptive informations had to be
integrated. These findings share some similarities
with previously published data on the involvement
of the striatum in motor learning. A SPECT study
demonstrated basal ganglia activation during a mirror-
reversed tracking task which was conceptually simi-
lar to the paradigm used in the present study (in addi-
tion to SMA, frontal cortex and cerebellum were acti-
vated [17]). Frith et al. [8] reported smaller between-
session improvements in tracking performance for
both unreversed and reversed conditions, but it is note-

worthy that the data of only 1 PD patient had to be
excluded from their analysis because of poor perfor-
mance (less than 5% on time) on the unreversed task,
while 4 patients had to be excluded for the same reason
from the reversed task. This indicates that the mirror-
reversed condition was particularly difficult for the PD
patients.

There are several possible explanations for the skill
acquisition impairment of PD patients during learning
the reversed task. The PD patients may have been more
susceptible to interference from the routine of unre-
versed tracking which always preceded the reversed
tracking session (see [9]). There is, however, no clear
evidence for this interpretation, since the patients were
in the early stages of PD and did not show deficits on
frontal tests (see [4]). The second explanation relates
to the fact that the reversed condition placed relatively
high demands on visuomotor processing and spatial
reorganisation and therefore required a high degree of
internal elaboration. Within the context of motor tasks,
the supplementary motor area (SMA) appears to be im-
plicated in such elaboration processes (see [17]), and
a patient with an SMA lesion was recently shown to
have problems with the acquisition of mirror-reversed,
but not with unreversed tracking [1]. This clearly par-
allels the findings observed in the PD patients, and as
the SMA and the basal ganglia are reciprocally con-
nected, it is likely that circuits involving both struc-
tures are implicated in acquisition of tracking tasks
which require a high degree of internal control.

Patients with cerebellar dysfunction showed a dif-
ferent pattern of motor learning problems. Significant
impairments of skill acquisition in terms of reduced
between-session improvements were only found dur-
ing tracking of a regular and predictable movement.
Patients with cerebellar damage thus appear to have
problems in anticipating the target movements. This
result cannot be explained by the lack of knowledge
about the regularity of the movement since the propor-
tion of subjects who noticed this feature was identi-
cal in the cerebellar patients and their control group.
Deficits in learning to trace regular movements were
also reported by Sanes and coworkers [21]. Patients
with cerebellar disorders were impaired at the repeti-
tive tracing of a geometric pattern under direct visual
control; their performance for mirror-reversed tracing,
however, did not differ from the data of the control sub-
jects. Improvements in tracking a regular predictable
component requires initiation of the movement before
visual cues control the movement (see [8]). The re-
sults of the present study indicate that movement ini-
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tiation may be compromised in cerebellar disorders
which might relate to bradykinesia (see [13, 21]).

Taken together, the present findings offer further
empirical evidence for the hypothesis that both stria-
tum and cerebellum are implicated in the acquisition
and the storage of motor skills [6, 23]. Both areas
form part of a neuronal network which involves cere-
bellum, thalamus, basal ganglia and the frontal cor-
tex [22]. The specific contribution of each area de-
pends upon the specific requirements and features of
a motor learning task. The results of this investigation
suggest that the striatum plays an important role during
motor learning if a high degree of internal elaboration
is involved in movement control whereas the cerebellar
contribution may relate to the control of anticipatory
movements.
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