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Abstract
Background: This quasi-experimental study was designed to assess two important learning types
– procedural and declarative – in children and adolescents affected by posterior fossa tumours
(astrocytoma vs. medulloblastoma), given that memory has an important impact on the child's
academic achievement and personal development.

Methods: We had three groups: two clinical (eighteen subjects) and one control (twelve subjects).
The learning types in these groups were assessed by two experimental tasks evaluating procedural-
implicit and declarative memory. A Serial Reaction-Time Task was used to measure procedural
sequence learning, and the Spanish version [1] of the California Verbal Learning Test-Children's
Version- CVLT- [2] to measure declarative-explicit learning. The learning capacity was assessed
considering only the blocks that represent learning, and were compared with MANOVA in clinical
and normal subjects. The Raven, simple reaction-time, finger-tapping test, and grooved pegboard
tests were used to assess the overall functioning of subjects. The results were compared with those
from a control group of the same age, and with Spanish norm-referenced tools where available

Results: The results indicate the absence of procedural-implicit learning in both clinical groups,
whereas declarative-explicit learning is maintained in both groups.

Conclusion: The clinical groups showed a conservation of declarative learning and a clear
impairment of procedural learning. The results support the role of the cerebellum in the early
phase of procedural learning.

Background
Posterior fossa tumours constitute two thirds of all paedi-
atric brain tumours [3]. The main tumours appearing in
this zone are medulloblastomas, pilocytic astrocytomas,

and ependynomas, which together make up about 90% of
the cases [4-6]. The most frequent are the astrocytoma and
medulloblastoma. These tumours affect the cerebellum
and/or its connections, so the study of cognitive and
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motor disturbances produced by this pathological status
is important in assessing the neuropsychological profile
of patients.

The principal interventions used with these tumours, and
in general with most tumours, are surgery, chemotherapy,
and radiotherapy. It has been demonstrated that these
medical treatments cause not only motor alterations, but
also deterioration in cognitive functions. Most of the rele-
vant research has been focused on the long-term effects of
radiotherapy because these are more general and severe,
involving attention, memory, speed of mental processing,
visuo-motor coordination [7-10], and a marked progres-
sive impairment of overall intellectual functioning [8,11].
Given that focal irradiation of the posterior fossa includes
not only the brainstem and cerebellum but also parts of
the temporal lobes and other structures, overall cognitive
alteration could occur. It has been found that radiother-
apy can affect the neuropsychological tests of children
with medulloblastoma. In addition, psychosocial func-
tions can be affected and academic difficulties presented.
All these aspects lead to a decline in the quality of life of
the individuals.

It is clear that the cerebellum contributes to motor func-
tions, coordination, and balance. However, only after the
eighties has there been evidence in favour of hypotheses
which relate the cerebellum to cognitive functions, such as
attention [12-14], language processing [14-16], spatial
abilities [16], memory [15,16], and to executive functions,
such as planning and sequencing [15,17]. The relation-
ship of the cerebellum with behavioural control and in
affective modulation has also been discussed [14-16]. The
conclusions regarding the contribution of the cerebellum
to motor and cognitive functions come mainly from the
following sources:

1. Anatomical studies: the cerebellum is connected to
motor cortices, limbic areas, and polymodal associative
cortex (prefrontal, parietal posterior, and superior tempo-
ral) [. e.g. [18]]. The functionality of these connections is
dramatically expressed in the cerebellum-cerebral dias-
chisis phenomenon [19].

2. Neuroimaging studies during the performance of cogni-
tive tasks have demonstrated a role of cerebellum in exec-
utive, attentional, perceptual, and language functions [e.g.
[20]].

3. Studies related to populations with developmental dis-
orders: populations diagnosed with hyperactivity or
autism present morphometric disorders in some cerebel-
lar structures: cerebellar vermis and/or hemispheres.
When compared with control children, hyperactive chil-
dren showed a decrease in the size of the posterior vermis

lower portion (lobes VIII-X). In groups of autistic individ-
uals, a decrease in the size of the vermis upper portion
(lobes VI/VII) has been found [e.g. [21,22]].

4. Studies related to mutism syndrome: this syndrome is
presented in some cases of children suffering posterior
fossa tumours (especially those affecting the vermis) who
have been intervened. This is a clear sample of cognitive
deterioration (generalised) after cerebellar damage. This
syndrome is manifested approximately 4 days after sur-
gery. Patients affected by it recover completely within a
few weeks or months [23,24].

5. Studies related to populations with cerebellar damage:
Botez [25,26] has indicated that cerebellar lesions affect
three main neuropsychological aspects: a) visuo-spatial
organisation (cerebellar-parietal circuit), b) executive
functions for planning and programming activities (cere-
bellar-frontal circuit), and c) increased RTs for visual and
auditory targets, indicating a reduced speed of informa-
tion processing. The latter effect is less marked in unilat-
eral lesions.

More specifically related with the objective of the present
report is the cerebellum's role in learning and memory
tasks. The role of the cerebellum in motor response learn-
ing acquisition has been clearly demonstrated [27,28].
The cerebellum has a clear role in the acquisition of motor
skills, in procedural learning (in close interaction with
basal nuclei), and in the Pavlovian conditioning of certain
motor responses (in close interaction with the hippocam-
pus and cerebral cortex).

Specifically, a role in establishing the association between
the different motor acts composing the sequence has been
proposed [29]. However, an important issue is whether
the deficits are due to motor impairments. Previous work
has demonstrated that the participation of the cerebellum
is independent of the kind of motor processes involved in
accomplishing the task [30]. On the other hand, cerebel-
lar activity during working memory tasks has been dem-
onstrated [31], forming part of a circuit that includes
prefrontal (Brodmann areas 6, 9, 44, and 46), parietal,
temporal and anterior cingulated cortices, and cerebellum
[32-35]. With regard to declarative memory, some authors
attach importance to structures such as the cerebellum,
besides the areas traditionally involved in these tasks [36].

The study's research aim was to test different types of
learning task (procedural vs. declarative) in order to assess
the learning potential in two clinical groups (medullob-
lastoma and astrocytoma tumours). Two different aspects
would be considered: first, the assessment of learning and
cognitive function capabilities after treatment would give
some clues for establishing neuropsychological rehabilita-
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tion strategies after different types of treatment and
tumour. Second, the results could give some information
about the role of the cerebellum in procedural and declar-
ative memory. In summary, this pathology could be con-
sidered an interesting model in which to study cerebellar
functions and how the differential effects of certain medi-
cal therapies could also affect learning and cognitive func-
tions.

Methods
Subjects
Thirty individuals participated in this study: eighteen of
them were clinical patients and twelve were controls.
There were two clinical groups. The first (CE: astrocy-
toma) comprised eleven individuals (eight girls and three
boys), the mean age being 11.54 years (S.D. = 3.20). In the
second group (CE+: medulloblastoma) there were seven
individuals (four girls and three boys); the mean age was
13.14 years (S.D. = 1.95) at the time of the evaluation. The
control group (C) comprised twelve subjects (seven girls
and five boys), the mean age being 10.66 years (S.D. =
2.22). There were no significant group differences with
regard to age or sex.

The subjects' mean age at the time of tumour resection
was 97.00 months (S.D. = 38.25), and the age range at
resection was from 23 to 130 months. The time between
surgery and cognitive evaluation was from 5 to 151
months (mean= 56.94 months; S.D. = 43.38). Some of
the medical variables have a high variability, but this is
characteristic of our sample of patients collected in a two-
year period from the Virgen del Rocio Hospital in Seville
(Spain). Table 1 summarises the main characteristics of
the clinical groups.

The members of the control group (C) were chosen from
pupils of a private school in Seville. They were selected
from a group of 50 children (from 6 to 16 years old) par-
ticipating in a developmental-cognitive study, and who
met the following criteria: standard educational opportu-
nities, normal or corrected-to-normal visual acuity, and
without any detected behavioural problems.

The present experimental protocol followed the norms of
the Helsinki Declaration regarding experiments involving
human subjects. The experimental protocol was approved
by the ethics committee of the Virgen del Rocio Hospital.

Motor, visuo-motor, and IQ characteristics of the subjects
Given that the clinical groups could be affected in other
important behavioural characteristics, we decided to
assess the motor, visuo-motor and IQ characteristics of all
participants in the study. Simple motor abilities were
tested with a finger-tapping task. To evaluate visuo-motor
abilities, the grooved pegboard and simple reaction-time
tests were used, and to assess the IQ, the Progressive Matri-
ces of Raven were used. A brief description of the tasks fol-
lows. The general results obtained for the three groups in
these tasks are presented in Table 2.

- Finger-tapping task. The subjects had to tap a key of the
computer keyboard rapidly and repeatedly for 20 seconds
with the index finger (dominant and non-dominant
hand). The variable obtained was the tapping number.
The mean value of tapping number in the dominant and
non-dominant hand was computed. One-way ANOVA
(group factor) was performed for the tapping variables.
There was no statistical difference between the three
groups for tapping response.

Table 1: Main characteristics of the clinical groups.

Histological tumor type
• Medulloblastoma (CE+ group) n = 7
• Astrocitoma (CE group) n = 11

CE+ group CE group

Localization
• Vermis n = 7 n = 3
• Hemispheres n = 0 n = 7
• Not information n = 0 n = 1

Neurosurgery complications
• No n = 3 n = 11
• Yes n = 4 n = 0

Chemo and radiotherapy
• No n = 2 n = 9
• Yes n = 5 n = 2

Subjective deficits referred to the parents
• No n = 0 n = 9
• Yes n = 7 n = 2
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- The grooved pegboard. This consisted of a board having
25 holes with randomly positioned slots. Pegs, which had
a key along one side, had to be rotated to match the hole
before they could be inserted. The variable obtained from
this test was the total time employed in filling all the holes
using each hand. The mean value of the time needed to
complete the task in the dominant and non-dominant
hand was computed. Two children of the CE+ group did
not end the task in the 300-second period required. The
value of 300 seconds was assigned to these two subjects.
One-way ANOVA (group factor) was performed for the
pegboard. The effect of the group was statistically signifi-
cant [F (2,27) = 5.48, p = 0.010]. The Scheffé post hoc test
revealed that this effect was due to differences between the
C and CE+ groups [p = 0.024].

- Simple Reaction Time. This task tested whether subjects
were able to complete visuo-motor reaction-time tasks. A
single target (a fish in the centre of the screen) was pre-
sented, and the aim of the task was to respond with the
index finger as fast as possible. The target duration was
1700 ms, and in order to reduce anticipations the ISI was
randomised between 1500 and 2200 ms. One-way
ANOVA (group factor) was performed on the RTs. The
effect of the group was statistically significant [F (2,27) =
3.720 p = 0.038]. The post hoc test revealed that this effect
was due to differences between the C and CE+ groups (p
= 0.043).

- A standard form of the Progressive Matrices of Raven was
used. The score for each child was obtained taking into
consideration the age of the child. The effect of the factor
group was statistically significant [F (2,27 = 4.11, p =
0.028]. Post hoc comparisons indicated that this result was
due to a significant difference between groups C and CE+
(p = 0.010).

The overall assessment indicated that there were no obvi-
ous motor, visuo-motor, or cognitive differences between
the C and CE groups. The main differences were obtained
between C and CE+ groups, while the CE group presented
an intermediate status for all the performed tests. In any
case, the obtained level of performance of the subjects was
enough to participate and to complete the learning tests.

There are two possible interpretations of the differences
between CE and CE+ groups described previously. First,
there have been many reports that support general deficits
associated to unspecific cortical and subcortical negative
effects of chemo- and radiotherapy. Secondly, the type of
surgery applied in these cases is generally more invasive,
and could affect more input-output cerebellar pathways
and cause post-surgery complications. With regard to the
first point, some authors have suggested [8] that the gen-
eral intellectual state could be diminished with time, and
this could be associated with an impossibility for these
children to acquire new skills at the same rate as control
groups. In addition, there is some evidence of an associa-
tion between reduced volumes of normal-appearing white
matter (NAWM) and intellectual/academic deficits
induced by radiotherapy [37]. Reddick [38] has demon-
strated that the primary consequence of reduced NAWM
in paediatric patients treated for brain tumours is a

Results of groups C, CE, and CE+ during the five blocks of the sequential experiments for mean reaction timesFigure 1
Results of groups C, CE, and CE+ during the five blocks of 
the sequential experiments for mean reaction times. The 
Standard Error of Measurement is also represented.

Table 2: Descriptive values for general performance tasks. (In brackets is shown the standard deviation)

TEST/GROUP C CE CE+

RAVEN (IQ) 101,58 (10,35) 93,80 (18,56) 82,14 (12,04)
PEGBOARD (time to complete the task in seconds) 126,70 (21,05) 145,59 (41,78) 240,57 (145,99)

TAPPING (frequency in 20 seconds) 144,35 (36,08) 132,55 (18,76) 114,57 (48,19)
SIMPLE REACTION TIME (reaction time in 

milliseconds)
350,90 (72,57) 442,65 (142,85) 513,62 (162,51)
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decrease in attentional abilities, leading to a decline in IQ
and academic achievement.

Putting together the obtained data on IQ, motor, and
visuo-motor skills and the information in the previous
paragraph, the decision was taken to consider the two
clinical groups as two different clinical conditions.

Learning tasks
- Procedural learning (serial reaction-time task) [39]. The
serial reaction-time task (SRT) was used to measure the
implicit sequence learning. Participants were seated in
front of a computer screen at a distance of 53 cm. Four
open circles subtending a visual angle of 16° and arranged
horizontally were presented on the screen. The dominant
hand was used to respond, using four keys, on the compu-
ter keyboard, aligned with the circles. In each trial in the
sequence, a circle was filled in with solid red, and the par-
ticipant had to press the corresponding key. The stimulus
remained filled in until a key was pressed. If the key was
not pressed in one second, the trial was ended. The dura-
tion of the stimulus was 1000 ms and the ISI were ran-
domly obtained between 500 and 800 ms. The
experiment consisted of five blocks of 40 trials. We pre-
sented an additional training block before starting the real
test. The sequence of red-filled circles was randomised in
blocks 1 and 5. In blocks 2, 3, and 4, the stimulus was pre-
sented according to a prearranged sequence consisting of
10 stimuli which were repeated 12 times during the 3
blocks. Subjects were asked at the end of the test if they

had observed any kind of sequence in the stimulus pres-
entation. None of the children had detected the sequence.
The variables obtained were (according to the type of
response) hits (accuracy), errors (responses given with
any other key), omissions (no response), and anticipa-
tions (correct responses with RTs faster than 250 ms), and
RTs for each of the blocks independently.

- Declarative learning. (Spanish version by Benedet et al.
[1]. of California Verbal Learning Test-Children's Version-
CVLT- by Delis et al. [2]). This test provides variables such
as learning curve, learning stability through time, short-
and long-term retention, learning strategies, recovery and
storage, and interference susceptibility. In our study, we
focused only on the learning curve in five trials, so the var-
iable obtained was the quantity of remembered words in
each trial.

Statistical analysis
The results were analysed using ANOVA and MANOVA
tests, with the Scheffé test used for post hoc comparisons.
The details of factors and levels are specific for each behav-
ioural test. In order to improve the power of the analysis,
all 3 "learning blocks" were included into MANOVA
(block 2, 3 and 4 for the procedural task, and blocks 1 and
5 for the declarative task). The inter-subject variable was
always the different clinical (CE and CE+) and control (C)
groups. The normality of distributions was tested with the
Shapiro-Wilk test, and the homocedasticity by means of
the Levene test. As a result, the data obtained can be con-

Results of groups C, CE, and CE+ during five blocks for the frequency of words rememberedFigure 3
Results of groups C, CE, and CE+ during five blocks for the 
frequency of words remembered. The Standard Error of 
Measurement is also represented.

Results of groups C, CE, and CE+ during the five blocks of the sequential experiments for mean response accuracyFigure 2
Results of groups C, CE, and CE+ during the five blocks of 
the sequential experiments for mean response accuracy. The 
Standard Error of Measurement is also represented.
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sidered normally distributed and having similar variances
(p = 0.05). For the RT analysis, when effects of the block
were obtained t-tests (Bonferroni corrected for multiple
comparison) were applied in order to test which block
comparisons presented statistically significant differences.

Results
Procedural-implicit learning
Figure 1 and 2 shows the RTs and the percentage of hits
respectively for the 5 experimental blocks.

Series of statistical analyses were performed separately for
response accuracy and reaction times in a procedural task
with two-way MANOVAs. Group (C vs. CE vs. CE+) was
the between-subjects factor, while block (2 vs. 3 vs. 4) was
the within-subjects factor (see Table 3 for descriptive val-
ues of these two variables).

Analysis of the data for the factor accuracy revealed a sig-
nificant effect of the group [F (2, 27) = 4.86; p = 0.016].
The post hoc comparisons showed that the CE+ group pre-
sented a lower number of correct responses than C (p =
0,016). No main effect of the block was obtained.

Analysis of RTs revealed significant effects of the block [F
(2, 54) = 8.924; p < 0.001] and an interaction between
block and group [F (4, 54) = 2.79; p = 0.035], but no main
effect of the group was obtained. In order to clarify the
groups where there was a change in RTs between blocks,
paired t-tests (Bonferroni corrected for multiple compari-
sons) were performed to compare the three learning

blocks for each subject group. For the C group the only
obtained statistically significant differences was the block
2 with respect to block 4 (p < 0.003). However a trend to
statistical significant differences were obtained when
blocks 2 vs. 3 (p = 0.067) and blocks 3 vs. 4 (p = 0.095)
were compared. For the CE group there was not any statis-
tically significant differences between the different blocks,
however there was a trend for statistical significance when
the block 2 and 3 were compared (p = 0.064). For the CE+
group there was not any statistically significant differences
between the different blocks

Declarative-explicit learning
Series of statistical analyses were performed on the
number of words remembered in the first and fifth blocks
of the declarative test (see table 4 for descriptive values of
this task). Two-way MANOVAs (repeated measurements)
were used. Group (C vs. CE vs. CE+) was the between-sub-
jects factor, while block (1 and 5) was the within-subjects
factor. The analysis revealed significant effects of block [F
(1, 27) = 218.99; p < 0.001] nor effects of group nor inter-
action between the effects of the block and group were
found. Figure 3 displays the overall results in the five
blocks of the declarative tasks.

Finally, figure 4 shows the z-values using the normalised
tables for a Spanish population in the first and fifth blocks
of the declarative learning test. All the groups were within
the normal population range (± 1 S.D.), but group CE+
was consistently under the mean value for the normalised
population.

Table 4: Descriptive values for frequency of remembered words in learning blocks from the declarative-verbal task. (In brackets is 
shown the standard deviation)

GROUP/FREQUENCY BLOCK 1 BLOCK 5

C 7,33 (1,43) 13,58 (1,37)
CE 7,27 (1,55) 12,36 (2,06)

CE+ 6,42 (1,13) 11,28 (3,72)

Table 3: Descriptive values for reaction times and response accuracy in learning blocks from the motor sequential task. (In brackets is 
shown the standard deviation)

GROUP/REACTION TIME 
(ms)

BLOCK 2 BLOCK 3 BLOCK 4

C 647,39 (9,97) 604,35 (97,98) 568,38 (61,33)
CE 577,96 (95,34) 545,94 (109,35) 564,24 (135,50)

CE+ 699,62 (106,58) 664,33 (126,39) 679,12 (116,62)

GROUP/ACCURACY (%) BLOCK 2 BLOCK 3 BLOCK 4

C 83,12 (12,43) 85,41 (14,91) 85,00 (12,15)
CE 71,13 (26,53) 75,45 (19,22) 76,13 (18,78)

CE+ 61,50 (23,38) 59,64 (26,90) 49,85 (25,98)
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Discussion
The present study was designed to assess procedural vs.
declarative learning in children and adolescents with
acquired pathology confined to the cerebellum (CE), and
in children and adolescents with additional damage due
to the chemotherapy and radiotherapy used (CE+). The
characteristics of the clinical subjects included in the study
did not show a major impairment of subjects that pre-
vented their inclusion in the experiment. It should be
noted that the conservation of basic motor skills, and of
visuomotor and cognitive functioning of the two clinical
groups, allows the testing of declarative and procedural
learning.

Our results show differential alterations in learning capac-
ity in children with posterior fossa tumours. The ANOVA
of procedural data show that neither of the clinical groups
was capable of learning motor sequences in spite of hav-
ing sufficient basic visuo-motor skills to complete the
task. The differences between clinical groups and controls
could be explained by the involvement of cerebellar cir-
cuits in procedural learning. On the other hand, no statis-
tical differences were found in the task related with
declarative memory. The fact that the CE+ group showed
a trend – non-statistically significant – towards being
more affected than the CE group could be due to different
factors such as the greater malignancy, the type of surgery
employed, the post-surgical outcome, and coadjuvant
treatments.

Our results support the broad evidence favouring the
involvement of the cerebellum in procedural learning.
There are many studies that indicate subcortical involve-
ment in procedural learning, suggesting different roles for
basal ganglia and cerebellum. Numerous studies with
patients showing cerebellar disease or striatum degenera-
tive disease support the relationship between these struc-
tures and procedural learning [40-44]. Gómez-Beldarrain
et al. [45] have proposed functional cerebellar lateralised
deficits due to cerebellar focal lesions. Children with neu-
rodevelopmental disorders involving fronto-cerebellar
lesions (e.g., autism) have also been shown to be
impaired in procedural learning [21]. In the latter two
studies, a serial reaction-time task was used, as opposed to
some other studies using more-clinically oriented tests.
Daum [46] used two procedural learning tasks involving
perceptual (mirror reading) and conceptual (Tower of
Hanoi task) skill acquisition, and found that patients with
cerebellar pathology showed no effect on skill acquisition.
Daum's results could be interpreted as being that if more
cognitive operations are involved in the two proposed
tasks, then the procedural operations in the tasks could be
compensated by cognitive functions. In our experiment,
subjects were not aware of the hidden sequence, so that
cognitive operations would have great difficulty in com-
pensating the deficits in the serial task.

In line with these earlier studies showing that procedural
learning is severely impaired in patients with different
kinds of cerebellar damage are the experiments using pos-
itron emission tomography (PET), in which changes in
cerebral metabolic activity have been observed in the
striatum and the cerebellum during procedural learning
[47-49]. In the same sense, it has been demonstrated that
the interference of cerebellar activity by transcranial mag-
netic stimulation produces an interference of procedural
learning of a serial sequence task [50].

Some recent studies using PET and fMRI have been inter-
ested in identifying the neural networks involved in differ-
ent stages of sequential learning [51]. A revised
neurocognitive model of learning new sequences of
motor control [52], based on a previous model [53], pro-
posed that in the fast learning phase that occurs in motor
learning during the first blocks of trials there is an involve-
ment of cerebellar and striatal circuits. The learning
progresses to a specialisation of the cerebellum in adapta-
tion tasks, and a specialisation of striatal circuits in
sequence learning. Present results of impaired sequential
procedural learning support the involvement of the cere-
bellum in the early phase of sequential motor learning.
However, the fact that the CE group presented a statisti-
cally significant trend for procedural learning when blocks
2 and 3 are compared suggest that, as proposed by current
models of procedural learning [52,53], the striatal circuit

Z-values for groups C, CE, and CE+ in the first and fifth blocks of the declarative learning testFigure 4
Z-values for groups C, CE, and CE+ in the first and fifth 
blocks of the declarative learning test. The displayed Z-values 
are compared to a Spanish "norm"
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would play the most important role in sequential learn-
ing.

With regard to declarative learning, effective learning
occurred in the two clinical groups. No interaction
appeared between the effects of learning block and group.
However, qualitatively it can be appreciated that CE+ per-
formance was the lower, particularly in z-scores, but learn-
ing still remained within the score limits for a normal
population.

The role of the cerebellum in declarative learning has been
proved in tasks where visual memories must be formed
and retrieved [54]. More similarly to our study (because
the encoded items were verbal), there are some neuroim-
aging studies that show an increase of activation in the
cerebellum during memory tasks involving the encoding
of sentences [55] or of auditory-verbal material [56].
However, as far as we know, the only experiment that tried
to find the areas correlated with the California Verbal
Memory Test (similar to our declarative learning task) did
not show an activation in the cerebellum [57]. In the
present report, in accord with other results, declarative
memory is preserved in these clinical groups. In some
studies that assess declarative learning from the sequence
used to assess procedural learning [58], this kind of mem-
ory is conserved in adult clinical samples. By contrast, Par-
kinsonian patients and patients with cerebellar lesions
failed to improve task performance when only procedural
processes were used.

Conclusion
Our results can support the hypothesis of cerebellar
involvement in the early phases of procedural learning
acquisition [46,52]. On the other hand, the early verbal
declarative learning system was preserved. However, the
cerebellum's role in motor learning [59] – but also in cog-
nitive functions [60] – could be in reinforcement of the
process rather than in the process itself. Thus it is possible
that, with enough number of trials, procedural learning
could still occur in cerebellar patients.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions
EAQG participated in the design of the study, collected the
clinical neuropsychological data, and helped to draft the
manuscript. CMG conceived the study, participated in its
design, and drafted the manuscript. EVC participated in
the drafting and analysis. JM helped to select the partici-
pants in the study, and medically characterised each one
of the subjects. FJPS performed the statistical analysis. All
authors read and approved the final manuscript.

Acknowledgements
We thank Dr. Ana Maria Alvarez, Dr. Eduardo Quiroga, Dr. Charo 
Vázquez, and the staff of the Virgen del Rocio Hospital (Oncology Service 
and Neurosurgery Service) and ANDEX Foundation for their continuous 
support of this work. The work was possible thanks to financial support 
from the MEC (DGICYT).

References
1. Benedet Alvarez MJ, Alejandre García M, Angeles , Pamos de la Hoz

A: TAVECI. Test de Aprendizaje Verbal España Com-
plutense Infantil.  In TEA Ediciones Madrid; 2001. 

2. Delis DC, Kramer JH, Kaplan E, Ober BA: California verbal learn-
ing test children.  San Antonio: The Psychological Corporation;
1994. 

3. Danjoux CE, Jenkin RD, McLaughlin J, Grimard L, Gaspar L, Gaspar
LE, et al.: Childhood medulloblastoma in Ontario, 1977–1987:
population based results.  Med Pediatr Onco 1996, 26:1-9.

4. Becker LE, Giangaspero F, Rorke LB, et al.: Embryonal tumors.  In
Cancer incidence and survival among children and adolescents: United
States SEER Program 1975–1995 Edited by: Keinhues P, Cavenee WK.
NIH Pub No 99-46-49. Bethesda: National Cancer Institute;
1995:51-63. 

5. Fuemmeler B, Elkin D, Mullins L: Survivors of childhood brain
tumours: behavioural, emotional, and social adjustment.  Clin
Psychol Rev 2002, 22(4):547-85.

6. McDonald T, Rood B, Santi M, Vezina G, Bingaman K, Cogen P, Packer
R: Advances in the diagnosis, molecular genetics and treat-
ment of pediatric embryonal CNS tumors.  The oncologist 2003,
8:174-186.

7. Ris MD, Packer R, Goldwein J, Jones-Wallace D, Boyett JM: Intellec-
tual outcome after reduced-dose radiation therapy plus
adjuvant chemotherapy for medulloblastoma: a children's
cancer group study.  J Clin Oncol 2001, 19(15):3470-3476.

8. Palmer SL, Goloubeva O, Reddick WE, Glass JO, Gajjar A, Kun L, et
al.: Patterns of intellectual development among survivors of
paediatric medulloblastoma: a longitudinal analysis.  J Clin
Oncol 2001, 19(8):2302-2308.

9. Meyers CA, Geara F, Wong PF, Morrison WH: Neurocognitive
effects of therapeutic irradiation for base of skull tumors.  Int
J Radiat Oncol Biol Phys 2000, 46:51-55.

10. Walter AW, Mulhern RK, Gajjar A, Heideman RL, Reardon D, San-
ford RA, et al.: Survival and neurodevelopmental outcome of
young children with medulloblastoma at St. Jude Children-s
Research Hospital.  J Clin Onc 1999, 17(12):3720-3728.

11. Zucchinelli V, Bouffet E: Academic future of children treated for
brain tumors. Single-center study of 27 children.  Arch Pediatr
2000, 7(9):933-41.

12. Barrios M, Guàrdia J: Relación del cerebelo con las funciones
cognitivas: evidencias neuroanatómicas, clínicas y de neu-
roimagen.  Rev Neurol 2001, 33(6):582-591.

13. Yamaguchi S, Tsuchiya H, Kobayashi S: Visuospatial attention shift
and motor responses in cerebellar disorders.  J Cogn Neurosci
1998, 10(1):95-107.

14. Siffert J, Poussaint TY, Goumnerova LC, Scott RM, LaValley B, Tarbell
NJ, Pomeroy SL: Neurological dysfunction associated with
postoperative cerebellar mutism.  J Neurooncol 2000,
48(1):75-81.

15. Levisohn L, Cronin-Golomb A, Schmahmann JD: Neuropsycholog-
ical consequences of cerebellar tumour resection in chil-
dren: cerebellar cognitive affective syndrome in a paediatric
population.  Brain 2000, 123(Pt 5):1041-50.

16. Riva D, Giorgi C: The cerebellum contributes to higher func-
tions during development: evidence from a series of children
surgically treated for posterior fossa tumours.  Brain 2000,
123(Pt 5):1051-1061.

17. Karatekin C, Lazareff JA, Asarnow RF: Relevance of the cerebellar
hemispheres for executive functions.  Pediatr Neurol 2000,
22(2):106-112.

18. Schmahmann JD, Pandya DN: The cerebrocerebellar system.  Int
Rev Neurobiol 1997, 41:31-60.

19. Boni S, Valle G, Cioggi RP, Bonetti MG, Perrone E, Tofani A, et al.:
Crossed cerebello-cerebral diaschisis: a SPECT study.  Nucl
Med Commun 1992, 13:824-31.
Page 8 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12094511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12094511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12697942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12697942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11481352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11481352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11481352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11304784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11304784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10656372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10656372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11028200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11028200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11727244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11727244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11727244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9526085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9526085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11026700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11026700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10775548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10775548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10775548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10775549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10775549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10775549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10738915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10738915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9378595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1470425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1470425


Behavioral and Brain Functions 2006, 2:9 http://www.behavioralandbrainfunctions.com/content/2/1/9
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

20. Gebhart AL, Petersen SE, Thach WT: Role of the posterolateral
cerebellum in language.  Ann NY Acad Sci 2002, 978:318-33.

21. Mostofsky SH, Goldberg MC, Landa RJ, Denckla MB: Evidence for a
deficit in procedural learning in children and adolescents
with autism: implications for cerebellar contribution.  J Int
Neuropsychol Soc 2000, 6(7):752-9.

22. Mostofsky SH, Reiss AL, Lockhart P, Denckla MB: Evaluation of
cerebellar size in attention-deficit hyperactivity disorder.  J
Child Neurol 1998, 13(9):434-9.

23. Turgut M: Transient "cerebellar" mutism.  Childs Nerv Syst 1998,
14(4–5):161-6.

24. Vandeinse D, Hornyak JE: Linguistic and cognitive deficits asso-
ciated with cerebellar mutism.  Pediatr-Rehabil 1997, 1(1):41-4.

25. Botez MI: The neuropsychology of the cerebellum: an emerg-
ing concept.  Arch Neurol 1992, 49:1229-30.

26. Botez Marquard T, Leveille J, Botez MI: Neuropsychological func-
tioning in unilateral cerebellar damage.  Can J Neurol Sci 1994,
21:35-37.

27. Frings M, Boenisch R, Gerwig M, Diener HC, Timmann D: Learning
of sensory sequences in cerebellar patients.  Learn Mem 2004,
11(3):347-355.

28. Molinari M, Leggio MG, Solida A, Ciorra R, Misciagna S, Silveri MC,
Petrosini L: Cerebellum and procedural learning: evidence
from focal cerebellar lesions.  Brain 1997, 120(Pt 10):1753-1762.

29. Shin JC, Ivry RB: Spatial and temporal sequence learning in
patients with Parkinson's disease or cerebellar lesions.  J Cogn
Neurosci 2003, 15(8):1232-43.

30. Timmann D, Drepper J, Maschke M, Kolb FP, Boring D, Thilmann AF,
Diener HC: Motor deficits cannot explain impaired cognitive
associative learning in cerebellar patients.  Neuropsychologia
2002, 40(7):788-800.

31. Baddeley A: Working memory.  C R Acad Sci III 1998, 321(2–
3):167-173.

32. Desmond JE, Gabrieli JD, Wagner AD, Ginier BL, Glover GH: Lobu-
lar patterns of cerebellar activation in verbal working-mem-
ory and finger-tapping tasks as revealed by functional MRI.  J
Neurosci 1997, 17(24):9675-85.

33. Grasby PM, Frith CD, Friston KJ, Simpson J, Fletcher PC, Frackowiak
RS, et al.: A graded task approach to the functional mapping
of brain areas implicated in auditory-verbal memory.  Brain
1994, 117:1271-1282.

34. Fiez JA, Raife EA, Balota DA, Schwarz JP, Raichle ME, Petersen SE: A
positron emission tomography study of the short-term
maintenance of verbal information.  J Neurosci 1996,
16:808-822.

35. Schumacher EH, Lauber E, Awh E, Jonides J, Smith EE, Koeppe RA:
PET evidence for an amodal verbal working memory sys-
tem.  NeuroImage 1996, 3:79-88.

36. Weis S, Klaver P, Reul J, Elger CE, Fernandez G: Temporal and cer-
ebellar brain regions that support both declarative memory
formation and retrieval.  Cereb Cortex 2004, 14(3):256-267.

37. Mulhern RK, Palmer SL, Reddick WE, Glass JO, Kun LE, Taylor J,
Langston J, Gajjar A: Risks of young age for selected neurocog-
nitive deficits in medulloblastoma are associated with white
matter loss.  J Clin Oncol 2001, 19(2):472-479.

38. Reddick WE, White HA, Glass JO, Wheeler GC, Thompson SJ, Gajjar
A, Leigh L, Mulhern RK: Developmental model relating white
matter volume to neurocognitive deficits in pediatric brain
tumour survivors.  Cancer 2003, 97(10):2512-2519.

39. Niessen MJ, Bullemer P: Attentional requirements of learning:
evidence from performance measures.  Cogn Psychol 1987,
19:1-32.

40. Doyon J, Laforce R Jr, Gaudreau D, Castonguay M, Bédard PJ, Bou-
chard JP, et al.: Contribution of the striatum and cerebellum in
visuomotor skill learning.  Proceedings of Society for Neuroscience
1993, 19:1080.

41. Fiez J, Petersen SE, Cheney MK, Raichle ME: Impaired non motor
learning and error detection associated with cerebellar dam-
age: A single case study.  Brain 1992, 115:155-178.

42. Harrington DL, York Haaland K, Yeo RA, Marder E: Procedural
memory in Parkinson's disease: Impaired motor but not vis-
uoperceptual learning.  J Clin Exp Neuropsychol 1990, 12:323-339.

43. Heindel WC, Butters N, Salmon DP: Impaired learning of a
motor skill in patients with Huntington's disease.  Behav Neu-
rosci 1988, 102:141-146.

44. Pascual-Leone A, Grafman J, Clark K, Stewart M, Massaquoi S, Hallet
M: Procedural visuomotor learning in Parkinson's disease
and cerebellar degeneration.  Ann Neurol 1993, 34:594-602.

45. Gomez-Beldarrain M, Garcia-Monco JC, Rubio B, Pascual-Leone A:
Effect of focal cerebellar lesions on procedural learning in
the serial reaction time task.  Exp Brain Res 1998, 120(1):25-30.

46. Daum I, Ackermann H, Schugens MM, Reimold C, Dichgans J,
Birbaumer N: The cerebellum and cognitive functions in
humans.  Behav Neurosci 1993, 107(3):411-419.

47. Doyon J, Owen AM, Petrides M, Sziklas V, Evans AC: Functional
anatomy of visuomotor skill learning in human subjects using
positron emission tomography.  Eur J Neurosci 1996, 8:637-648.

48. Jenkins IH, Brooks DJ, Nixon PD, Frackowiak RSJ, Passingham RE:
Motor sequence learning: A study with positron emission
tomography.  J Neurosci 14:3775-90.

49. Seitz RJ, Roland PE: Learning of sequential finger movements in
man: a combined kinematic and positron emission tomogra-
phy (PET) study.  Eur J Neurosci 1994, 4:154-65.

50. Torriero S, Oliveri M, Koch G, Caltagirone C, Petrosini L: Interfer-
ence of left and right cerebellar rTMS with procedural learn-
ing.  J Cogn Neurosci 2004, 16:1605-1611.

51. Hikosaka O, Nakahara H, Rand MK, Sakai K, Lu X, Nakamura K, Miy-
achi S, Doya K: Parallel neural networks for learning sequen-
tial procedures.  Trends Neurosci 1999, 22(10):464-471.

52. Doyon J, BenAli H: Reorganization and plasticity in the adult
brain during learning of motor skills.  Curr Opin Neurobiol 2005,
15:161-167.

53. Doyon J, Ungerleider LG: Functional anatomy of motor skill
learning.  In Neuropsychology of memory Edited by: Squire LR,
Schacter DL. The Guilford Press; 2002:225-238.  NY

54. Weis S, Klaver P, Reul J, Elger CE, Fernandez G: Temporal and cer-
ebellar brain regions that support both declarative memory
formation and retrieval.  Cereb Cortex 2004, 14(3):256-67.

55. Bremner JD, Vythilingam M, Vermetten E, Vaccarino V, Charney D:
Deficits in hippocampal and anterior cingulate functioning
during verbal declarative memory encoding in midlife major
depression.  Am J Psychiatry 2004, 161(4):637-45.

56. Grasby PM, Frith CD, Friston KJ, Bench C, Frackowiak RS, Dolan RJ:
Functional mapping of brain areas implicated in auditory –
verbal memory function.  Brain 1993, 116(Pt 1):1-20.

57. Johnson SC, Saykin AJ, Flashman LA, McAllister TW, Sparling MB:
Brain activation on fMRI and verbal memory ability: func-
tional neuroanatomic correlates of CVLT performance.  J Int
Neuropsychol Soc 2001, 7(1):55-62.

58. Doyon J, Gaudreau D, Laforce R Jr, Castonguay M, Bedard PJ, Bedard
F, Bouchard JP: Role of the striatum, cerebellum, and frontal
lobes in the learning of a visuomotor sequence.  Brain Cogn
1997, 34(2):218-245.

59. Delgado-García JM, Gruart A: The role of interpositus nucleus in
eyelid conditioned responses.  Cerebellum 2002, 1(4):289-308.

60. Courchesne E, Allen G: Prediction and preparation, fundamen-
tal functions of the cerebellum.  Learn Mem 1997, 4(1):1-35.
Page 9 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12582063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12582063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11105465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11105465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11105465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9733289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9733289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9660116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9689237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9689237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1449397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1449397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15169865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15169865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9365368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9365368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14709239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14709239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11900729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11900729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9759336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9391022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9391022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9391022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7820565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7820565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8551361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8551361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8551361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9345478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9345478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9345478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14754866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14754866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14754866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11208841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11208841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11208841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12733151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12733151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12733151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1559151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1559151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1559151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2341560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2341560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2341560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2965592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2965592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8215247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8215247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9628400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9628400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9628400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8329131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8329131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9081615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9081615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9081615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8207487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8207487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8207487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15601522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15601522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15601522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10481194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10481194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15831397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15831397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14754866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14754866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14754866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15056509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15056509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15056509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8453452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8453452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8453452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11253842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11253842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11253842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9220087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9220087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12879967
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12879967
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10456051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10456051
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Subjects
	Motor, visuo-motor, and IQ characteristics of the subjects
	Learning tasks
	Statistical analysis

	Results
	Procedural-implicit learning
	Declarative-explicit learning

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References

