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We compared procedural learning, translation of procedural knowledge into declarative knowledge, and use of declara- 
tive knowledge in age-matched normal volunteers (n = 30), patients with Parkinson’s disease (n = 20), and patients 
with cerebellar degeneration (n = 15) by using a serial reaction time task. Patients with Parkinson’s disease achieved 
procedural knowledge and used declarative knowledge of the task to improve performance, but they required a Iarger 
number of repetitions of the task to translate procedural knowledge into declarative knowledge. Patients with cerebel- 
lar degeneration did not show performance improvement due to procedural learning, failed to achieve declarative 
knowledge, and showed limited use of declarative knowledge of the task to improve their performance. Both basal 
ganglia and cerebellum are involved in procedural learning, but their roles are different. The normal influence of the 
basal ganglia on the prefrontal cortex may be required for timely access of information to and from the working 
memory buffer, while the cerebellum may index and order events in the time domain and be therefore essential for 
any cognitive functions involving sequences. 
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Knowledge can be developed or expressed in two dis- 
tinct ways. One way has been termed procedural 
knowledge and can be measured by tasks in which 
memory is expressed implicitly by changes in perfor- 
mance as a result of prior experience. The other way, 
declarative knowledge, can be measured by tests that 
require explicit recall or recognition of a prior episode. 
Procedural knowledge applies particularly to the acqui- 
sition of actions and skills. In contrast, declarative 
knowledge refers to the acquisition of facts and the 
deliberate recollection of information that is bound to 
a specific time and context. Acquisition of procedural 
knowledge through repeated practice may eventually 
result in the development of declarative knowledge of 
the task. Conversely, declarative knowledge of a task 
may hasten the acquisition of procedural knowledge. 

Different central nervous system (CNS) structures 
may be responsible for the acquisition and storage of 
procedural and declarative knowledge. For example, in 
patients with temporal lobe lesions [ 1-31, dorsomedial 
thalamic lesions (2, 31, Korsakoff’s syndrome 14, 51, 
Alzheimer’s disease [6-8}, as well as in young adults 
injected with scopolamine (9-1 11, procedural learning 
may be preserved in the presence of impaired declara- 
tive learning. On the other hand, selective impairment 

of procedural learning has been described in patients 
with cerebellar dysfunction [ 121, patients with Hunt- 
ington’s disease [ 131, patients with Parkinson’s disease 
(PD) C14- 171, and patients with progressive supranu- 
clear palsy {?}. 

Given the numerous structures involved in the sub- 
cortical diseases mentioned above, it is likely that 
a network of neural structures subserve procedural 
knowledge. In these experiments, we decided to focus 
on the unique contributions of the cerebellum and 
neostriatum to procedural learning by studying patients 
with cerebellar degeneration and PD. Different experi- 
ments were conducted to address the rare of acquisi- 
tion of procedural knowledge, the transfer of proce- 
dural to declarative knowledge, and the utilization of 
declarative knowledge for performance improvement. 

Methods 
Subjects 
We studied 20 patients with PD (mean age, 56 yr; range, 
39-72 yr), 15 patients with cerebellar degeneration (mean 
age, 57 yr; range, 30-74 yr), and 30 age-matched normal 
controls (mean age, 57 yr; range, 30-73 yr). Mini-Mental 
State Examination and Wechsler Memory Scale scores did 
not differ between the groups. 
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Diagnosis of P D  required the presence of an kinetic-rigid 
syndrome with a history of asymmetrical onset and respon- 
siveness to levodopa. Our PD patients had a level of disability 
of I1 to 111 on the Hoehn and Yahr scale. Their clinical 
picture was dominated by moderate to severe akinesidbrady- 
kinesia and a mild tremor. All patients were taking levodopa 
and eldepryl. In addition, 6 were taking brornocriptine, 3 
anticholinergics, and 1 clonazepam. Medications had been 
stable for at least 4 months in all the patients. All of them 
were studied first on medications and 7 to 12 days later after 
holding medications for 12 to 36 hours. 

The diagnosis of cerebellar degeneration was based on clin- 
ical, neurophysiobgical, and radiological evidence. Five of 
the patients were diagnosed as having olivopontocerebellar 
atrophy (OPCA) and 10 as having cerebellar-cortical atrophy 
(CCA). All had dysarthria, ataxia, and dysmetria; none of 
them had extrapyramidal signs, lower motor signs, clinical or 
electromyographic evidence of peripheral neuropathy. Pa- 
tients with OPCA had upper motor neuron signs, and cere- 
bellar and pontine atrophy on magnetic resonance imaging 
(MRI). Patients with CCA had no pyramidal tract dysfunction 
and isolated cerebellar atrophy on MRI. 

Experiment I :  Acquisition of Procedural Knowledge 
In all experiments, we used variations of the serial reaction 
time test (srtt) designed by Nissen and Bullemer [41. In the 
first experiment, subjects were seated in front of a computer 
screen and a keyboard with four marked response keys on 
which subjects were asked to rest middle and index fingers 
of right or left hand. An asterisk appeared in one of four 
positions that were horizontally spaced on the screen and 
aligned above the response keys. The subjects had to press 
with one finger the key aligned with the asterisk that ap- 
peared as fast as possible. The asterisk did not disappear until 
the correct button was pushed, upon which the next stimulus 
appeared following a 500-msec delay. 

Each test consisted of 7 blocks of 100 trials. The first block 
was considered practice and discarded from the analysis; the 
subsequent blocks were numbered 1 to 6. In blocks 1 and 6 
the sequence of asterisk positions was random, in blocks 2 
to 5 a 10-trial sequence of asterisk positions repeated itself 
10 times. The subjects were not told that a repeating se- 
quence was being presented. In this design, procedural 
knowledge is measured by the progressive shortening of re- 
sponse times and decrease in error rates during blocks 2 to 
5 ,  and a rebound lengthening of response time and increase 
in error rate in block 6. Procedural learning may occur with- 
out development of declarative knowledge of the sequence 
C4, 181. 

Experiment 2: Effrct of Sequence Length on the 
Acquiszttion of Procedural Knowledge 
Each test consisted of 3 sets of 6 blocks. In each set, blocks 
1 and 6 were random while blocks 2 to 5 showed a repeating 
sequence. The length of the repeating sequence varied in the 
different sets: it was 8 items long in set 1, 10 items long in 
set 2, and 12 items long in set 3. In all 3 sets the sequence was 
repeated 10 times in blocks 2 to 5. Therefore, the number of 
trials per block was different for the 3 sets (80 in set 1, 100 
in set 2, 120 in set 3). 

At the end of each set of blocks the subjects were asked 
whether the asterisks had been presented in a random or a 
repeating sequence. If they thought that there had been a 
repeating sequence they were asked to reproduce it or as 
much of it as they remembered. Following the criteria of 
Nissen and Bullemer [4], they were considered to have 
achieved declarative knowledge of the sequence if they were 
able to reproduce at least four components of the sequence 
in the correct order. 

In a paired experiment, subjects and patients sat in front 
of the computer screen and were asked to concentrate on 
the series of asterisks but not to respond in any fashion. The 
asterisks automatically changed every 1 second. Subjects and 
patients were instructed about the possibility of a repeating 
sequence of asterisks and advised to concentrate on the 
screen and be prepared to reproduce the perceived sequence 
of asterisks at the end of the test. This allowed comparison 
of the development of declarative knowledge of the sequence 
through “visuomotor input,” i.e., through motor perfor- 
mance of the response time task, and through “visual input,” 
i.e., through mere observation of the asterisks appearing on 
the screen without any associated motor actions. 

Experiment 3: Use of  Declarative Knowfedge in 
Performance Improvement 
Each subject completed 9 blocks of 100 trials that for the 
purpose of analysis and display were divided in 90 sets of 10 
trials. Before the test began, the subjects were taught what 
the sequence would be. For this purpose, each of the four 
response keys and possible asterisk positions were numbered 
(1-4) and the subjects were taught the numerical sequence 
of asterisk positions (4-2-3-1-3-2-4-3-2-1). The test did not 
begin until the subjects were able to verbally reproduce the 
sequence without errors (declarative knowledge). The sub- 
jects were not allowed to look at the response keys while 
learning the sequence and were told not to mentally practice 
by imagining the series of finger movements to do. 

Before blocks 1 to 5 (sets 1-50) the subjects were told that 
the asterisks would be presented as a repeating sequence, 
but contrary to these instructions, the asterisks appeared in 
random order in block 5 (sets 41-50). Before blocks 6 to 8 
(sets 31-80) the subjects were told that the asterisks would 
appear randomly, but contrary to these instructions, the as- 
terisks appeared as a repeating sequence in block 8 (sets 
7 1-80). Before block 9 the subjects were told correctly that 
the asterisks would appear in random order. Before and after 
each block the subjects were asked to verbally recall the 
sequence of asterisk positions that they had learned at the 
beginning of the test. 

Data AnahJis 
In all three experiments, response time was defined as the 
interval between appearance of an asterisk and time of de- 
pression of the first response key, regardless of whether the 
response was correct or incorrect. We use the term response 
time instead of “reaction time,” because it encompasses both 
the time between stimulus appearance and response initiation 
(reaction time) and the time for the execution of the response 
(movement time). Error rates express the percentage of in- 
correct keys pressed in the first place and requiring correc- 
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Fig 1 .  Response times {msec) and error rates over the course 
of  the 6 blocks of the serial reaction time test in 30 normal vol- 
unteer, 20 patients with PD in the treated and untreated con- 
ditions, and 15 patients with Cerebellar degeneration. In the 
normal volunteers and in the patients with PD, note the progres- 
sive decrease in response time and error rute and the narrowing 
o f  the stana’ard deviation over the course of the repeating blocks 
2 to 5,  and the rebound increases in both measurements in the 
random block 6. In contrast, in the patients with cevebellar de- 
generation there is no signifcant change in either parameter 
across the blocks. Note the error rates are much higher in the 
two patient groups than in the normal volunteers. 

tion. The time until correction was not specifically studied. 
The results of the response times were unchanged if the trials 
with erroneous responses were discarded. For each group of 
subjects, mean and standard deviation response times were 
calculated of the individual median response times in each 
block of trials 14, IS]. Statistical analysis was performed with 
one-way analysis of variance (ANOVA) for sub jecdpatient 
group and response time or error rate in a given block or 
with t tests comparing performance in agiven block between 
normal subjects with patients with PD or cerebellar degener- 
ation. In either case, significance level was set at p < 0.05. 

Results 
Experiment 1 : Acquisition of Procedzlrul Knowledge 
Baseline response times in block 1 (random presenta- 
tion of asterisks, choice response time paradigm) were 
slightly, though not significantly, higher in the un- 
treated patients with PD than in the controls (Fig 1). 
Patients with cerebellar degeneration showed greater 
variability in their response times than the controls as 
indicated by the significantly larger standard deviation 
( p  < 0.01 compared with normal subjects or patients 
with PD) (see Fig 1). Error rates were much higher in 
the two patient groups than in the controls ( p  < 0.01). 

Normal volunteers and patients with PD acquired 
procedural knowledge of the sequence, as measured 
by a reduction in the response time and a decrease in 
error rates (Figs 1 and 2). In normal volunteers re- 
sponse times shortened, standard deviation decreased, 
and the error rate decreased progressively across 
blocks 2 to 5 .  In block 6 ,  response time and error rate 
rebounded to the level of block 1. In patients with 
PD, response time shortened and error rate decreased 
across blocks 2 to 5 in a similar fashion as in the normal 
volunteers. Within group statistical analysis (ANOVA) 
the reduction in response time across the first five 
blocks of trials showed a greater level of significance 
for normals ( p  < 0.001) than for PD patients regard- 
less of treatment ( p  < 0.01). Therefore, procedural 
learning did occur, although, its “degree” was less than 
in the normal volunteers ( p  < 0.001 for comparison 
of difference between blocks 5- 1). Antiparkinsonian 
medication did not signhcantly affect these findings 
(see Fig 2). The decrease in error rate across the first 
five blocks of trials showed the greatest level of signifi- 
cance for the untreated PD patients ( p  < 0.01). How- 
ever, this may in part be due to the overall greater 
number of errors made by the untreated PD patients 
due to their motor incapacity. 

Patients with cerebellar degeneration did not show 
a significant reduction in response times or error rates 
across the first five blocks of trials although a trend 
toward decreasing response times was present (see Fig 
2). Response time and error rates across blocks 2 to 5 
were not significantly different from block 1. We found 
no differences between patients with OPCA and CCA. 
Therefore, no evidence of acquisition of procedural 
learning was detected in the cerebellar patients. This 
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with PD showed significantly less performance im- 
provement than normal volunteers, particularly in the 
untreated state (see Fig 3 ) .  Patients with cerebellar de- 
generation did not show any significant performance 
improvement at any of the sequence lengths tested. 

At the end of each test, subjects and patients were 
asked whether the asterisks had been presented ran- 
domly or following a fixed sequence. In normal volun- 

sequence was significantly lower than among the nor- 
mal volunteers ( p  < 0.01). In the untreated state, pa- 
tients with PD tended to do worse than in the treated 
state, especially at longer sequence lengths (see Fig 4), 
but these differences were not significant. Finally, only 
a few patients with cerebellar degeneration achieved 
declarative knowledge of the sequence at any of the 
three sequence lengths. No significant effect of the 
sequence length on the acquisition of declarative 
knowledge could be demonstrated for the cerebellar 

* - - A .  \ 

Fig 2. Mean differences in error rates (%I and response times 
(msec) between block 1 (random) and the subsequent block 12-5 
repeating. 6 runah)  in 30 normal volunteers (filled circles), 
20 patients with PD in the antreated (open squares) and the 
treuted states (filled squares), and 15 patients with cerebellar 
degeneration (open triangles). 

could be due to an impairment in the acquisition of 
procedural knowledge of the sequence. However, the 
lack of significant change in response time may in part 
be due to the greater motor performance variability 
noted in the cerebellar patients and reflected in the 
greater standard deviation of their response times (see 
Fig 1, see above). 

Experiment 2: Eflect of Sequence Length on the 
Acqzlisztion of Procedwal Knowledge 
Shortening of response times, and thus the “degree” 
of procedural learning, was inversely related to the 
length of the repeating sequence in normal subjects 
and patients with PD regardless of treatment condition 
(Fig 3 ) .  However, at longer sequence lengths, patients 

mance at baseline as indicated by the lack of significant 
differences in the standard deviation of the response 
time in the first block of trials. 

In the paired experiment in which subjects and pa- 
tients only observed the asterisks on the screen without 
having to respond in any fashion (“visual input”), the 
acquisition of declarative knowledge was significantly 
greater in normal volunteers ( p  < 0.01) and in patients 
with PD ( p  < 0.001) than in the original version of 
the experiment in which input of the information was 
through visuomotor performance (“motor input”) (see 
Fig 4). These differences are likely to be due to the 
differences in instructions between the two tasks. In 
the visual input condition, subjects were instructed 
about the possibility of a repeating sequence of aster- 
isks (see Methods section) and consequently they were 
concentrating on the nature of the sequence of the 
asterisks. The benefit from strictly visual rather than 
visuomotor input and the different instructions was 
most prominent in the patients with PD, who per- 
formed as well as normal volunteers. On the contrary, 
despite the differences in instructions and the lack of 
a motor output demand, only very few patients with 
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F i g  3. Mean differences in response time Imsed between block 1 
(random) and the subsequent block (2-5 repeating, 6 random) 
in 30 normal volunteers, 20 patients with PD (untreated and 
treated). and 15 patients with cerebellar degeneration according 
t o  the length of the repeating sequence (open circles, 8 items; 
filled squares, I0 items; gray triangles, 12 item). 

sponse time decreased dramatically. Response times of 
less than 30 msec were recorded indicating that the 
subjects were actually anticipating the asterisks rather 
than reacting to their appearance. None of them had 
any difficulty in promptly recognizing the misinforma- 

cerebellar degeneration developed declarative knowl- 
edge of the sequence. Even in this visual input condi- 
tion, cerebellar patients failed to show a significant de- 
pendency of the achievement of declarative knowledge 
from the sequence length. In fact, no significant differ- 
ences in the likelihood of development of declarative 
knowledge regardless of sequence length was found for 
the cerebellar patients across the rwo test conditions. 

tion in sets 41 to 50 (instruction repeating, presenta- 
tion random) and the response times immediately 
lengthened to match their baseline performance. Fi- 
nally, all promptly recognized the unannounced re- 
peating sequence in sets 7 1 to 80 (instruction random, 
presentation repeating), response time shortened rap- 
idly and the subjects once again anticipated the aster- 
isks rather than reacted to their appearance. This de- 
pendency of response time on stimulus presentation 
despite instructions was statistically significant for all 
subjects. Response time in sets 7 1  to 80 was not sig- 
nificantly different from response time in sets 1 to 40. 
Similarly, response times in sets 41 to 50, 51 to 70, 
and 81 to 90 were not significantly different. However, 

Experiment 3: Use of Declarative Knowledge in 
Pevfomance Improvement ( F i g  5 )  
Normal volunteers were able to use the declarative 
knowledge of the sequence right away and their re- 
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Fig 4. Number of subjects and patients (% of total number 
tested) that achieved declarative knowledge of the repeating 
sequence depending on mode of input and sequence length 
(hatched bar, 8 items; filled bar, 10 item; gray bar, 12 
items). The number on the top of each bar indicates the actual 
number of subjects or patients. 
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all these three blocks of sets had significantly longer 
response times than sets 1 to 40 ( p  < 0.001). 

Patients with PD were eventually able to use declara- 
tive knowledge in a manner similar to normal volun- 
teers as indicated by the lack of differences in response 
times in sets 30 to 40 between normal volunteers and 
PD patients. However, it took them more practice to 
do so ( p  < 0.01, for the difference in mean response 
times between normal controls and PD patients in sets 
10 to 20). None of the PD patients had any difficulty 
in recognizing the misinformation in sets 41 to 50. In 
sets 71 to 80, all detected the unannounced sequence, 
but they showed significantly less shortening of re- 
sponse time than normal volunteers ( p  < 0.001). 
Within group statistical analysis revealed that response 
times in sets 41 to 50, 51 to 70, and 81 to 90 were 
not significantly different. However, similarly to the 
findings in normals, all these three blocks of sets had 
significantly longer response times than sets 1 to 40 ( p  
< 0.001). 

Patients with cerebellar degeneration were not able 
to use fully the declarative knowledge of the sequence 
and shorten their response time accordingly in sets 1 
to 40. Nine of 10 did not recognize the misinformation 
in sets 41 to 50. None of them recognized the unan- 
nounced sequence in sets 7 1 to 80. Within group statis- 
tical analysis failed to demonstrate significant differ- 
ences in response times across the different blocks of 
sets despite the fact that all patients remembered the 
sequence at the end of each block without difficulties. 
However, cerebellar patients showed a persistently 

Normal PD - untreated 
~~~ 

Cerebellar degeneration 

0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90 

sets Sets Sets 
_____ ~~~ ~ ~ -~ 

Fig  5. Mean response time in 30 normal volunteers, 20 un- 
treatedpatients with PD, and 15 patients wi fh  cerebellar degen- 
eration in experiment 3. Response time i.c normalized t o  the 
m a n  response time for 20 random practice sets (200 trials). In 
condatzon A (sets 1-40) a repeating sequence is presented and 
tbe subject is instructed appropriate/y. In condition B (sets 
41-50, light gray), presentation is random, but the subjects 

were told that the repeating sequence would be presented. In con- 
dition C (sets rl-70) presentation is random and the subjects 
were instructed appropriately. In  condition D (sets 71 -80, 
dark gray), the repeating sequence is pvesented although the sub- 
jects were told that the presentation would be random. In condi- 
tion E (sets 81-90] presentation is  random and instructions to 
the subjects were appropriate. 

Pascual-Leone et al: Learning in Parkinson's Disease 599 



high degree of variability in their response times. Their 
fastest response times (for example, set 30) were not 
different from those of normal volunteers, indicating 
that the findings cannot be solely explained as a floor 
effect due to motor impairment. Nevertheless, we can- 
not completely rule out that cerebellar patients were 
performing close to their maximum motor capacity 
during the early stages of the training of the task and 
that the lack of significant improvement is due to an 
impairment in performing rapid response times on a 
regular basis. 

Discussion 
In our experiments, normal volunteers showed an in- 
verse relationship between length of the repeating se- 
quence and performance improvement due to proce- 
dural learning and translation of procedural learning 
into declarative knowledge. These findings reproduce 
the results of previous studies [ 181. In addition, transla- 
tion of procedural knowledge into declarative knowl- 
edge was greater through visual input alone than 
through visuomotor performance. Using the same se- 
rial reaction time task, Howard and colleagues [19] 
found that when subjects were required to predict the 
position of the next asterisk in the final test block, their 
performance was superior following learning through 
observation than through responding. Our findings 
agree with theirs and suggest that when procedural (im- 
plicit) knowledge is acquired by focusing attention on 
the perceptual demands of the task, it is more easily 
translated into declarative (explicit) knowledge (and 
can therefore be remembered better) than knowledge 
acquired through visuomotor performance in which at- 
tention has to be divided between the perceptual input 
and the motor output. 

A number of animal and human studies suggest that 
the cerebellum and the basal ganglia are critical for 
the acquisition of procedural knowledge [ 14, 20-231. 
Seitz and colleagues [24] have described changes in 
regional cerebral blood flow (KBF) in both of these 
structures during the course of learning a complicated 
finger sequence. Motor learning was accompanied by 
rCBF increases in the cerebellum and decreases in the 
striatum that changed to striatal increases as the motor 
skill was learned. Simultaneously, activation of initially 
contributing nonmotor parts of the cerebral cortex van- 
ished. They concluded that both cerebellar circuits and 
striatal circuits are important for the acquisition and 
storage of motor skills in the brain. Using similar tasks, 
Saint-Cyr and co-workers 1151 and Grafman and asso- 
ciates [25}  have shown, respectively, a role of the neo- 
striatum and of the cerebellum [25] in procedural 
learning involving cognitive planning. This could sug- 
gest that both structures are essential for procedural 
learning because of their link as elements of a neural 
network that involves the cerebellum, thalamus, basal 

ganglia, and frontal lobes 112, 261. We found that pa- 
tients with cerebellar degeneration failed to show the 
performance improvement associated with procedural 
learning in the serial reaction time task, while patients 
with PD acquired procedural knowledge but did so at 
a slower rate than normal volunteers. Therefore, our 
findings, while emphasizing that both the basal ganglia 
and cerebellum contribute to procedural learning, 
demonstrate that they make unique contributions. 

In order to achieve procedural knowledge of the 
repeating sequence of asterisk positions, the serial reac- 
tion time task requires the “storage” of preceding aster- 
isk positions in a “working memory buffer” /271 and 
the comparison of each new asterisk position with the 
previous ones. These functions are probably executed 
by the prefrontal cortex, which is highly connected 
with the basal ganglia and the cerebellum [28]. The 
demands on the memory buffer and on-line compari- 
son grow with an increasing sequence length, thus in- 
creasing the difficulty of the task and decreasing the 
probability of procedural learning. In the case of the 
8-item sequence, the subject has to retain in the mem- 
ory buffer at least the previous 8 asterisk positions in 
order to identify the pattern. In the case of the 12-item 
sequence the minimal required storage is of 12 items, 
which in some individuals may exceed their declarative 
short-term memory, An essential demand on the mem- 
ory buffer is the appropriate temporal indexing of the 
occurrence of asterisk positions so that the sequence 
can be stored and retrieved as a sequence. 

Patients with PD may have difficulties in the use of 
advance information for motor preparation although 
the findings of different studies have been somewhat 
confusing (for review, see [29}). In a recent, careful 
study on simple and choice reaction times in PD, Ja- 
hanshani and associates 129) have convincingly shown 
that patients with PD can properly use advance infor- 
mation if given sufficient time and have suggested that 
their difficulties lie primarily in an abnormally slow 
response initiation. Response initiation in patients with 
PD appears to be manly due to an abnormally slow 
buildup of the necessary premovement cortical excita- 
tion [30]. An abnormally low “energizing” influence of 
basal ganglia on cortical structures in PD is predicted 
by the functional and biochemical dysfunctions under- 
lying PD 131, 32). In a similar fashion, the necessary 
“energizing” influence of the basal gangha on the pre- 
frontal cortex may be deficient, thus accounting for 
an abnormally slow access of information to and from 
the working memory buffer. This would explain the 
greater difficulties of PD patients in procedural learn- 
ing of longer asterisk sequences and the need for a 
greater number of repetitions than normal to achieve 
declarative knowledge through motor performance. 
On the other hand, patients with PD were able to 
achieve declarative knowledge of the sequence pre- 
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senred visually as well as normal volunteers, thus sug- 
gesting a limitation of their impairment to the motor 
domain. 

Patients with cerebellar degeneration failed to show 
procedural learning of the asterisk sequence. The sig- 
nificance of this finding is somewhat obscured by the 
motor output demands of the task used in our experi- 
ments given the motor impairment of cerebellar pa- 
tients. We cannot rule out that cerebellar patients were 
performing close to their maximum motor capacity 
during the early stages of training of the task and that 
therefore the apparent lack of procedural learning sim- 
ply reflected the limitation of their motor system in 
generating an increase in the rate at which the motor 
sequence was performed. However, cerebellar patients 
also failed to acquire declarative knowledge of the re- 
peating sequence presented through motor actions (vi- 
suomotor condition) or even visually (visual condition) 
despite specific instructions about the possibility of a 
repeating sequence of the asterisks in the latter condi- 
tion. These results cannot be ascribed to motor impair- 
ment. The cerebellum plays a central role in the execu- 
tion of serial movements {33) and the sequencing and 
timing of skilled perception and action [34-36). The 
unique anatomical homogeneity of the cerebellum and 
its rich connections with cortical efferent and spinal 
afferent pathways provide an ideal substrate for a com- 
mon operation across tasks E37, 38). We propose that 
the cerebellum indexes and orders events in the time 
domain. In the serial reaction time task, the normal 
operation of the cerebellum is required to keep events 
in the memory buffer in their proper temporal se- 
quence. Jn the absence of such information, normal 
access to the memory buffer and normal on-line com- 
parison of previous asterisk position(s) with the present 
one are insufficient to detect the repeating sequence 
and thus procedural learning does not occur. Such a 
role would also explain the failure of patients with cere- 
bellar degeneration to develop declarative learning re- 
gardless of whether information is provided by motor 
actions or by perceptual input. This inability to order 
events in the time domain is consistent with the deficit 
of these patients demonstrated previously for planning 
a series of actions to solve a problem {251. 

These explanations for failures in procedural learn- 
ing are inextricably linked to the nature of the task we 
used. As long as procedural or  implicit learning tasks 
are composed of simple visual stimuli and motor de- 
mands, then our conclusions and implications about 
the contributions of specific neural structures should 
hold. However, when task variables vary from the ones 
we used here, it is possible that other neural structures 
and neural system configurations (and therefore addi- 
tional cognitive processes) may contribute to learning 
and memory. In that case, a task analysis similar to the 
one we used in the present experiments should be 

sufficient to help explain results that are dependent 
upon variations in experimental design. 

Part of chis work was presented at the Third International Movement 
Disorder Congress in July 1992 in Miinchen. Germany, and has 
been pubiished in abstract form [Pascual-Leone A, GrafmanJ, Clark 
K, Stewart M, Massaquoi S, Hallett M. Procedural visuo-motor 
learning in Parkinson’s disease and cerebellar degeneration (Ab- 
stract). Mov Disord 1992;7(suppl 1):891. 
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