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Abstract
Introduction: cerebral palsy (CP) has the characteristic of causing changes in posture and
movement that hamper the achievement of functional activities. In the face of motor
disabilities, rehabilitation becomes essential and is an option based on motor learning.
However, it is important to research the motor learning process in individuals with CP to
make the organization of treatment programs more effective. OBJECTIVE: Analyse the
motor learning in children with CP. METHOD: For the realization of this work, an
experimental group (EG) and a control group (CG) was used, comprised of four children
matched in relation to gender (one female and three masculine) and age (between seven
and twelve years). The task was to conduct a path into a maze in the shortest time possible.
The work consisted of two phases, being initially an acquisition phase (AQ) and then transfers
(immediate-IM; short-term-ST and long-term-LT). RESULT: It was found that there was
no statistical significance difference between AQ and transfers evaluated with the following
values: IM (z= -1.83, p=0.07), ST (z= -1.83, p=0.07) and LT [EG (z= -1.83, p=0.07) and
CG (z= -1.46, p=0.14)]. CONCLUSION: In the process of maze task learning, when
analyzing the results between phases AQ and transfer, significant difference was not
observed, which means that individuals with CP showed learning capacity through task
adaptation equivalent to individuals without CP.
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INTRODUCTION

Cerebral palsy (CP) can be defined as a
disorder of posture and movement capacity.
This disorder is persistent, however, not unal-
terable, and is caused by lesion in the develo-
ping central nervous system (CNS), before,
during birth or in the first months of infancy1,2.
Stokes2 cites that disturbances of posture and
movement can be defined as the inability of
the body to confront effectively the effects of
gravity as related to the Earth’s surface throu-
gh a support base. Thus, CP causes variable
difficulties in the coordination of muscle acti-
on, with the resulting inability of the child to
maintain posture and perform normal move-
ments1,3-7. Accordingly, these individuals pre-
sent complex motor alterations, being the pri-
mary deficits described by Papavasiliou8, such
as abnormal muscle tone influencing posture
and movement, change of balance and coordi-
nation, reduction in strength, loss of selective
motor control with secondary contracture pro-
blems and bone deformities.

Considering the alterations presented and
the difficulty in achieving alignment and adjust-
ment of postures that permit the experience of
daily activities, inclusion in programs of ongo-
ing habilitation and rehabilitation is fundamen-
tal for an individual with CP, which may interfe-
re significantly in the interaction of the child in
relevant contexts. Thus, it is possible to influen-
ce the performance of not only basic motor ma-
rkers (roll, sit, crawl and walk), but also the acti-
vities of the daily routine, such as bathing, feeding,
dressing and moving around in varied environ-
ments, among others. Due to insufficient respon-
ses about the benefits of a rehabilitation program
in the improvement of an individual with CP8 and
the increase of interest in motor function9,10, the
physiotherapist and other health professionals
who work with CP can apply the knowledge de-
rived from motor learning to organize a program
of treatment based on scientific evidence from
this basic area of knowledge8.

As phenomenon, motor learning can be
defined as the capacity of the individual to per-
form a motor skill inducing a relatively per-
manent improvement in performance as a re-
sult of practice or experience11,12. In other
words, it is the process along which skills be-
come easily performed with the aid of practice
and information13-15. During motor skill acqui-
sition, the learner needs to perform trials to
achieve a performance criteria or stabilize a
behavior11,13.

Throughout this process, a selection oc-
curs between memory systems that enable the
acquisition of some aspects most relevant to
cognition, emotion and attention16, as well as
the acquisition of cognitive structures, such as
programs or plans of action11, schemes17,
traits18, or the formation of complex neuromus-
cular synergies19.

Retention and transfer are two other cru-
cial concepts in the motor learning process13,17,20.
They are ways of testing learning in relation to
the degree of permanence that was acquired af-
ter a period without practice (retention) and the
capacity of acquiring a motor behavior practi-
ced in a different context (transfer).

Thus, to verify that learning occurred with
solidity, more than compare performance in the
initial phase in relation to the final phase of ac-
quisition, it is necessary to assess the perfor-
mance in learning tests (i.e. retention and/or
transfer)21-24. As explained above, it is crucial
that the professional who works with individu-
als with CP can use instruments of easy appli-
cation allowing the analysis of factors that in-
terfere in acquisition, retention and transfer of
motor skills25. A task that permits the evaluati-
on of various neuropsychological aspects of
planning, execution, spatial organization and
implicit memory is the maze task. It also invol-
ves the operation of the intention to move to-
wards reaching an objective and the planning
of this action. The maze task consists of execu-
ting in the shortest possible time a path on a
computer, the distance traversed in a single path,



Motor learning in children with cerebral palsy Rev Bras Crescimento Desenvolvimento Hum. 2010; 20(3): 11-23

– 13 –

in a maze with one entrance and exit. Hence, it
is believed that the stabilization of performance
on this task may indicate the use of cognitive
strategies and the formation of a program of
action, which can be tested in transfer25.

Souza et al (2006)25 affirm that the maze
task can be applied in the diagnostic evaluati-
on of individuals with alterations in motor le-
arning control and to identify what aspects are
compromised during the execution of a motor
task: information processing and strategic plan-
ning (number of errors), executive function
(task runtime), learning (stabilization of per-
formance) and spatial memory (maintenance
of performance after distracter task and reten-
tion interval). Additionally, maze tasks have the
advantage that they can be adapted to a diver-
se number of subjects, to the extent that they
require basic motor skills, and can be applied
to children, the elderly and people affected by
neurological alterations25.

Thus, this work aims to investigate the
process of motor learning in a maze task in chil-
dren with CP in comparison to children without
changes of posture and movement of the same
age group. More in-depth knowledge surroun-
ding the process of learning a motor skill in
individuals with CP can contribute significan-
tly to the adequate and effective organization
of treatment programs for this population.

METHOD

This study was approved by the Ethics
Committee of the University of São Paulo un-
der protocol number 13364889. Informed con-
sent was signed by legal guardian of the parti-
cipants.

Groups
The experimental group (EG) was for-

med by four individuals with CP, residents in
the metropolitan area of São Paulo and pati-
ents of the physiotherapy clinic of the Univer-

sity Center of United Metropolitan Faculties
(FMU). The control group (CG) was formed
by four children without changes of posture and
movement. The groups were counterbalanced
in relation to gender (one female and three ma-
les) and age (between seven and twelve years).

The inclusion criteria for participation
in the study were: The consent to participate
in the study of the patient’s legally authorized
representative, medical diagnosis of CP, and
motor changes that characterize individuals
with spastic diparesia (motor alterations more
evident in lower limbs). Only participating in
this study were individuals with level II CP,
according to the Gross Motor Function Classi-
fication System (GMFCS), developed by Pali-
sano et al. (1997)26. This system classifies chil-
dren with CP into five levels according to motor
function, which means that all the patients that
were evaluated had conditions to walk without
the aid of mobility devices.

For the characterization of individuals
and the composing of a homogeneous group,
the International Classification of Functiona-
lity, Disability and Health (ICF)27 was also
used. Gunnar and Stucki (2007)28 affirm that
the ICF is an instrument that can be used for
characterization of groups in scientific resear-
ch. According to the World Health Organizati-
on (WHO), it is a useful classification system
for the organization of homogeneous groups
in scientific research, serving as a language for
the classification of functionality and capaci-
ty. Therefore, the individuals selected for this
study presented the same functional characte-
ristic in the domain “body functions” (neuro-
musculoskeletal functions related to movement
and mental functions) and the domain “activi-
ties and participation” (mobility, task perfor-
mance, communication, basic skills, concen-
tration and attention). Accordingly, considering
the functions of the body, the evaluated indivi-
duals presented musculoskeletal functions re-
lated to muscle tone and the control of volun-
tary movements with mild impairment (b735.1
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and b760.1, respectively ) and mental functi-
ons of orientation, intellectual and attention,
also with mild impairment (b114.1, b117.1 and
b140.1, respectively).

Considering activity and participation,
as to mobility, the individuals are able to ma-
intain seated without difficulties (d4153.0)
and present mild difficulty to pick up and ma-
nipulate objects (d4400.1 and d4402.1, res-
pectively). As to the demand task, there was
no difficulty to undertake a complex task
(d2101.0). In respect to communication, the-
re were no difficulties presented in reception,
production and conversation (d310.0, d330.0
and d350.0, respectively). As to learning and
applying knowledge, no difficulties were pre-
sented in basic skills (d1550.0) and mild di-
fficulty was presented in concentration/atten-
tion and complex skills (d160.1 and d1551.1,
respectively).

Exclusion criteria were the presence of
osteoarticular-structured deformities and sur-
gery or chemical neuromuscular blocking wi-

thin six months in the upper limbs, other asso-
ciated diseases, and individuals with alterati-
ons in cognitive functions that impede colla-
boration and understanding of simple orders
in the activities proposed.

Instrumentation and Design
Used as an instrument for evaluation, the

paradigm of the maze task was used for its ease
and adaptability to analyze the learning of a
motor skill25. To accomplish the tasks, the
author´s opted for the computer program de-
veloped by the Department of Mathematics of
the Federal University of Rio Grande do Sul,
presented by Souza et al. (2006), available at
the site www.mat.ufrgs.br. Two drawings of
mazes with only one correct path to be traver-
sed were chosen; the first was used in the ac-
quisition stage (AQ) and the following trans-
fer phases (immediate transfer – IT, short-term
transfer-ST and long-term transfer – LT). Fi-
gures 1 and 2 illustrate the variations of the
task in each phase of the experiment.

Figure 1 – Drawing of maze in acquisition phase.
Source: Sousa et al. (2006)25

Figura 2 – Drawing of maze in transfer phase.
Source: Sousa et al. (2006)25

– 14 –
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The experiment consisted of four phases
(Table 1). First, the pretest was performed with
three trials in order to enable the participant’s
knowledge of the task. In the second phase (ac-
quisition-AQ), individuals practiced 30 trials
along which the subject completed the path sho-
wn in Figure 1. The third phase, administered five

minutes after the completion of AQ, was IT, whi-
ch consisted of five trials using a different maze
(Figure 2). In the fourth phase, ST, the subjects
repeated the IT task after another five minutes of
rest. The fifth and final phase was LT, executed
seven days later, in which individuals performed
the same task of IT and ST.

Table 1 – Table of experimental outline

Pretest Aquisition IT NT LT
3 attemps 30 attemps 5 tentativas 5 attemps 5 attemps

EG BL1 BL2 BL3 BL4 BL5 BL6 BL1 BL1 BL1
Maze 1 Maze 2 Maze 2 Maze 2

3 attemps 30 attemps 5 attemps 5 attemps 5 attemps
GC BL1 BL2 BL3 BL4 BL5 BL6 BL1 BL1 BL1

Maze 1 Maze 2 Maze 2 Maze 2

[Legend - EG: experimental group; CG: control group; BL: block; Maze 1: acquisition phase
(AQ); Maze 2: transfer phases; (IT) immediate transfer; ST short-term transfer; (LT) long-term
transfer]

Procedures
The children were recruited individually

in an appropriate room with a computer, desk and
chair. One researcher was responsible for
instruction and annotation of the time values on
paper with the charting of the number of attempts.
The values were registered by considering the
total time for the completion of the task, which
was provided by the program itself. The authors
opted to use the maze task on the computer, on
the grounds that it is a technological tool and a
facilitator for individuals with CP29.

Each child was adequately positioned,
sitting in front of the computer screen; the task
was explained concurrently with the
presentation of the maze, along which the child
should traverse the path with the drawing
(pointed to on the screen by the researcher)
until the exit of the maze identified by an “x”
(pointed to on the screen by the researcher).

The child was instructed to perform the task as
fast as possible using the buttons on the
keyboard identified by the arrows of up, down,
right side and left side.

The data were organized in blocks (BL)
of six trials and analyzed through descriptive
and inferential analysis.
Data analysis

In virtue of the reduced amount of
observations and by the violation of the
assumptions of normality and equality of variances,
the data were analyzed using non-parametric
techniques. Three analyses were developed:

(1) Intragroup acquisition: in order to detect
the performance trends from the beginning to the
end of acquisition, comparing the acquisition
blocks in each of the groups separately, through
the Friedman two-way analysis of variance.

(2) Intragroup transfer: comparison in
each group separately between the last block
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of acquisition and each of the phases of transfer
(Wilcoxon test).

(3) Intergroup transfer: comparison of
each of the three phases separately of CG with
EG performance (Mann-Whitney U test).

For all tests, the level of statistical
significance adopted was 5%. The statistical
program used was SPSS (Statistical Package
for Social Sciences), version 13.0.

RESULTS
Following are the results that will be

presented in two parts; characterization of the
sample and statistical data.

a) Characterization of the sample
Below are the characteristics of the

individuals of EG with age, gender, GMFCS
and ICF values (Table 2).

Table 3: Results (seconds) of blocks of acquisition and transfers

Individuals Group Age Gender BL1 BL2 BL3 BL4 BL5 BL6      IT    ST     LT

1 RG 7 M 133 70 70 69 70 68 100 98 178
2 8 M 94 81 69 66 64 53 109 60 63
3 11 M 25 19 18 23 15 18 23 20 21
4 12 F 26 30 27 28 22 21 36 31 27

5 CO 7 M 57 41 40 48 43 36 67 60 49
6 8 M 63 50 33 35 38 40 56 57 49
7 11 M 72 49 49 35 35 34 63 38 32
8 12 F 42 23 25 26 23 21 63 30 29EG -

experimental group; CG - control group; BL - block; IT - immediate transfer; ST - short-term
transfer; LT- long-term transfer.

Table 2: Characterization of the experimental group (EG) sample
Subject Age Gender GMFCS* ICF**

1 7 years Male Body functions
b114.1; b117.1; b140.1;  b735.1

2 8 yers Male and b760.1

3 11 yers Male II Activity and participation

d4153.0; d4400.1; d4402.1;
4 12 yers Female d2101.0;d310.0; d330.0;

d350.0; d1550.0; d160.1
and d1551.1

*GMFCS (Gross Motor Function Classification System); **ICF (International Classification of
Functionality, Disability and Health ); II- second level of Gross Motor Function Classification
System.

a) Data analysis
Table 3 shows the results, in se-

conds, of the maze task of EG and CG with

the values of the six blocks of the acquisiti-
on phase, followed by the values of trans-
fers.
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(b.1) Intragroup acquisition analysis
The objective of this analysis was to

identify, in each of the groups, the improve-
ment of performance throughout the six
blocks of acquisition. Friedman two-way
analysis of variance demonstrated signifi-
cant statistical difference with both
EG (X2 = 12.78, p = 0.026) and
CG (X2 = 11.72, p = 0.039). The direction of
differences can be identified with the inspecti-
on of medians (Table 4), which indicates, in
both groups, the decrease in task runtime. The-
refore, it can be inferred that there was a signi-
ficantly improvement of performance for the
final phase of acquisition, including the group
with cerebral palsy.

b.2) Intragroup transfer analysis
Comparisons between the last block of

acquisition with each block of transfer (IT, ST
and LT) were performed through three paired
analyses (BL6 x IT, BL6 x ST and BL6 x LT)
of Wilcoxon. It was verified that there was no
significant difference between BL6 and IT for
both groups (z =-1.83, p = 0.07), between BL6
and ST for both groups (z= -1.83, p=0.07), and
between BL6 and LT [EG (z= -1.83, p=0.07)
and CG (z=-1.46, p=0.14)]. Thus, since no sig-
nificant difference occurred, it can be inferred
that there was adaptation to the modification
of the task. This can be interpreted as reflec-
ting that the subjects acquired the capacity to

transfer what was practiced in acquisition to a
new situation imposed by modification of the
maze task.

(b.3) Intergroup transfer analysis
The Mann-Whitney U test, which com-

pares the EG and CG in each of the transfers,
did not indicate significant differences betwe-
en groups in IT (z = 0, p = 1), ST (z =-0.15, p =
0.88) and LT (z = 0, p = 1).

DISCUSSION

The research question posed in this stu-
dy was: are individuals with PC, those that have
alterations in posture and the capacity of mo-
vement, able to learn a motor task and carry it
out functionally, with the ability to adjust to
new environmental demands? The task chosen
was the maze, which employs fine motor mo-
vement for the use of the computer keyboard
by upper-extremity segments; therefore, it can
be considered a day-to-day motor action of gre-
at current importance29. In the maze task, chil-
dren without motor changes have as the pri-
mary challenge to choose the correct path;
individuals with PC have, in addition to the
choice of the correct path, difficulty in perfor-
ming the movement.

According to the results obtained, it was
verified that the entire sample (EG and CG)
presented a significant decline of task runtime
between the first and last BL of acquisition.
This means improvement of performance oc-
curred with practice, which permits the analy-
sis of transfer tests and, from them, infer the
occurrence of learning. During the process, the
learner passes from an initial phase, characte-
rized by a high number of errors, inconsisten-
cy and a high demand of attention, to a later
stage that is characterized by consistency, few
errors and a reduced demand of attention. With
practice, less unnecessary movements occur
and the consequent optimization of energy and

Table 4: Values of medians (in seconds) in each
group of six blocks of acquisition

Blocks EG GC

1 5,25 6
2 4,75 3,75
3 3,63 2,88
4 3,75 3,63
5 2,25 3
6 1,38 1,75

EG - Experimental group; CG - Control group
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decrease in task runtime causes the sequence
of movements to progressively gain more flu-
ency and harmony. According to classic motor
skill definitions, the practice with complex and
intentional information involves mechanisms
(perception, decision and effector) that throu-
gh the learning process becomes organized and
coordinated in such a way as to achieve prede-
termined objectives with maximum certainty
and minimum expenditure of energy30,31.

Thus, practice provides functional sta-
bilization in the task, allowing the achievement
of an optimal control in execution, theoretically
leading to functional standard, when the sys-
tem is able to adapt to new conditions11,32. A
standard of function is achieved through prac-
tice and negative feedback. Therefore, the le-
arner goes through a process of differentiati-
on, in which an unstable general and
homogeneous state gives rise to a stable speci-
fic and heterogenic state33. In initial trials, the
magnitude and variability of errors are large,
characterizing the movements as inconsistent
and disordered. With repetitions, the end rela-
tion to achieve the goal of the task is streng-
thened towards stable states. In other words,
the execution of movement becomes orderly
and consistent, characterized by a reduction of
the magnitude and variability of errors.

It is worth emphasizing that, by compa-
ring described values of medians in acquisiti-
on, the performance of individuals with CP was
better than the individuals without CP, in the
majority of blocks. This result in the acquisiti-
on can be discussed, probably, by motivation
during task execution; individuals with CP pro-
ved to be more motivated, while individuals
without CP appeared to have considered the
task easy and unmotivating. Motivation is one
of the factors that affect the motor learning
process, especially in the acquisition phase,
because it enables better information proces-
sing, favoring the retention and transfer that
was acquired through the process of practi-
ce11,13,32. Also in this context, motivation also

seems to affect the performance of motor ski-
lls, since the learner has to pay more attention
in the execution of the task, increasing invol-
vement and participation34-36.

The most important results of this study
concern the comparisons within and between
groups in transfer, since the modification of
the task requires the capacity of adaption from
the learners. The main goal of practice is not
to facilitate the performance of temporary
effects during acquisition but provide better
lasting performance (attributed to learning) in
tests of retention and transfer11,13,37,38. Thus, a
fundamental aspect of motor learning is that
skills are performed in environments that de-
mand constant capacity of adapttion11,13. This
adaptation, however, only occurs where situa-
tions challenging the capacity of movement
have already been acquired, so that new struc-
tures of action have to be formed to meet the
requirements imposed by the environment.
Hence, initially the individual needs to identi-
fy the motor problem that, as an example, can
be placed in a maze task.

Maze tests allow the possibility to eva-
luate various neuropsychological aspects,
such as executive function, spatial learning
and implicit memory25. After identifying the
problem, the subject needs to formulate a plan
of action, which should generate a hypothe-
sis as to how it would be possible to achieve
this goal, predicting and anticipating the im-
plementation of the action. The next step is
to put into practice the established plan of
action, transforming a mental image into
effective movements. In this phase, a complex
muscular system must be coordinated so that
various muscles are activated in an organized
way. Because transforming plans of action
into movement are rarely perfect in initial tri-
als, individuals need to analyze the errors and
try to correct them in following trials. When
the cycle described above is repeated enou-
gh, the transition occurs from uncoordinated
actions of great cognitive demand to highly



Motor learning in children with cerebral palsy Rev Bras Crescimento Desenvolvimento Hum. 2010; 20(3): 11-23

– 19 –

accurate movements, where complex neuro-
muscular synergies are activated with mini-
mal involvement of attention. This process is
called learning19.

The intragroup analysis of the last blo-
ck of acquisition for each of the transfers indi-
cated absence of differences in both groups.
Therefore, a more complex situation, task al-
teration, did not elicit a significant drop in per-
formance. Accordingly, the subjects with CP
and the subjects of CG presented good adapta-
bility to a different version of the maze task.
The analysis between the groups in transfer
confirm the good capacity of adaption of both
groups without differences between them, gi-
ven the absence of significant performance di-
fference (task runtime) between EG and CG,
in all tests of transfer.

Therefore, CP does not appear to have
had an influence on the performance of the
modified maze task, a fact that is interesting,
both in the point of view of the characterization
of the subjects with CP and intervention with
this population. The initial hypothesis of task
difficulty for learners with CP was not corrobo-
rated, perhaps because in the acquisition phase,
motivation and perseverance of the CP learners
were greater when compared to learners without
CP. This could have offset possible differences
in the comparison between groups in the trans-
fer phase. One of the characteristics of motor
skill acquisition is the execution of motor tasks
with reduced time. Similar times between the
groups in the modified maze task (transfer) pro-
bably reflected similar capabilities in informa-
tion processing speed. Many motor tasks requi-
re quick responses to environmental stimuli, as
well as quick adjustments or corrections based
on the results of previous performances. A sig-
nificant factor in the speed of central proces-
sing is the amount of information elicited from
the complexity of information, the time requi-
red to process the information and the
individual‘s capacity to process the informati-
on39,40. It seems that all participants of the pre-

sent study were able to deal satisfactorily with
these three variables. This finding could have
important insights for intervention with people
with CP, not only in rehabilitation but also in
practice of physical activity.

The findings of this present study could
be contrasted with a small number of studies
that were conducted with individuals with CP
within the scope of motor learning. The fact
that individuals with CP have learned a task
supports the findings of Hemayattalab and
Rostami (2010)41, Reid (2002)42 and Chen et
al. (2007)43 with tasks of dart throwing and vir-
tual reality, in which individuals with CP have
improved the quality of movement. Some au-
thors44,45 have chosen to investigate the lear-
ning of individuals with CP through changes
in neural structures (via neuroimaging exami-
nations) and have verified the occurrence of
learning in regards to neural, detecting activa-
tion in cortical areas and correlations between
performance in executing motor tasks and brain
activity in different encephalitic areas.

Because there are few studies using kno-
wledge derived from motor learning in indivi-
duals with CP, it is important to emphasize the
need for further studies to better understand
the factors that affect the acquisition of motor
skills in this particular population. It has been
suggested that future investigations into motor
learning can manipulate different forms of
practice (variability, distribution, and fractio-
nation) and information (extrinsic feedback,
demonstration/instruction, establishment of
goals and internal/external focus) to the lear-
ner with CP. The variability of practice, which
consists of variations in characteristics of con-
text or variations of motor task being practi-
ced, seems to be a priority, given its direct in-
volvement in the interventions proposed for
these subjects. In individuals with mental im-
pairment, varied practice proved to be succes-
sful to provide the learner the capacity to adapt
to new situations (transfer test)46; in individu-
als with CP, the role of variation has been iden-
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tified as fundamental in generating elaborated
motor strategies47.

CONCLUSION

In the process of learning a maze
task, both individuals with CP and indivi-

duals without CP presented improved per-
formance, observed through the decrease
of runtime throughout acquisition. Regar-
ding learning, measured through transfer
tests, individuals with CP showed capaci-
ty of adaptation equivalent to individuals
without CP.
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