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Abstract

Introduction: Children and adolescents living in shelters may present with impaired motor development, 
cognitive function, as well as speech and understanding; psychological alterations; and hyperactivity. All of 
these factors may be detrimental to motor learning. Objective: To investigate motor learning in children and 
adolescents living in shelters, and to compare it with that of individuals living in a family context. Methods: 
We assessed 36 individuals who were divided into groups: an experimental group, composed of institution-
alized children and adolescents (EG, n=18), and a control group (CG, n = 18) that was matched by age and sex. 
Motor learning was assessed using a  maze test in three stages: acquisition, retention and transfer. The data 
were analyzed using the Shapiro Wilk, Wilcoxon, Mann Whitney, Kruskal Wallis tests and Dunn’s post-test  
(p < 5%). Results: The EG had a longer task performance time than the CG. There was a significant reduction 
in task performance time between the first (EG = 11.05 [8.50-14.85]s; CG:7.65 [5.95-10.23]s) and the last 
task performance block (EG:8.02 [6.86-10.23]s; GC: 5.50 [4.50-6.82]s) in both groups. When comparing the 
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variables of the last acquisition (GE:8.02[6.86-10.23]s; GC: 5.50[4.50-6.82]s), retention (GE:8.20[7.09-9.89]
s;GC:5.35[4.50-6.22]s) and transfer blocks (GE:8.30[6.28-11.43]s; GC:5.30[4.90-6.82]s) in each group, we 
found no changes in task performance time between test batteries. Conclusion: Individuals living in shel-
ters showed a motor learning deficit, as evidenced by longer task performance time when compared to their 
controls. Nevertheless, both groups performed the task in a similar manner.

Keywords: Maze Learning. Shelter. Institutionalization. Child. Adolescent.

Resumo

Introdução: Crianças e adolescentes institucionalizados podem apresentar comprometimentos do desenvol-
vimento motor; das funções cognitiva, da fala, da compreensão; alterações psicológicas e hiperatividade, que 
podem ser prejudiciais para a aprendizagem motora. Objetivo: Analisar a aprendizagem motora de crianças e 
adolescentes institucionalizados em abrigo e comparar com indivíduos em contexto familiar. Métodos: Foram 
avaliados 36 indivíduos divididos em 2 grupos: grupo experimental, composto por crianças e adolescentes ins-
titucionalizados (GE, n=18) e grupo controle (GC, n =18), pareados por sexo e idade. Para avaliação da apren-
dizagem motora foi utilizada a tarefa de labirinto realizada em três fases: aquisição, retenção e transferência. 
Para análise dos dados foram utilizados os testes de Shapiro Wilk, Wilcoxon, Mann Whitney, Kruskal Wallis e 
pós-teste de Dunn (p < 5%). Resultados: O GE obteve maior tempo para execução da tarefa comparado com o 
GC. Houve diminuição significativa do tempo de execução da tarefa, do primeiro bloco (GE= 11,05 [8,50-14,85]s; 
GC:7,65 [5,95-10,23]s) para o último bloco da aquisição (GE:8,02 [6,86-10,23]s; GC: 5,50 [4,50-6,82]s) 
em ambos os grupos. Ao comparar as variáveis entre o último bloco da aquisição (GE:8,02[6,86-10,23]s;  
GC: 5,50[4,50-6,82]s), retenção (GE:8,20[7,09-9,89]s; GC:5,35[4,50-6,22]s) e transferência (GE:8,30[6,28-11,43]s; 
GC:5,30[4,90-6,82]s) em cada grupo, foi encontrada a manutenção do tempo para execução da tarefa durante 
as fases. Conclusão: Os indivíduos institucionalizados em abrigo apresentaram um déficit na aprendizagem 
motora, verificada pelo maior tempo de execução da tarefa comparado aos indivíduos não institucionalizados, 
porém ambos evoluem de maneira semelhante durante a realização da tarefa.

Palavras-chave:  Aprendizagem em Labirinto. Institucionalização. Criança. Adolescente.

Introduction

Shelters are aimed at  providing protection and a 
home to children and adolescents who are at-risk, as 
stated in the Child and Adolescent Statute (Articles 
90 to 94) (1). Children and adolescents usually live in 
shelters because they have been abandoned by their 
families, have become orphans or have been taken 
away from their from their parents for many differ-
ent reasons, including: abandonment, maltreatment, 
neglect, battering, begging or sexual abuse (2, 3).

The United Nations Children’s Fund (UNICEF) 
estimates that at least 8 million children live in 
institutional environments around the world (3). In 
Brazil, according tothe National Survey of Children 
and Adolescents in Foster Care, performed by the 
Ministry of Social  Development (4), there were 

36,551 children and adolescents  institutionalized 
in 1,991 shelters in 2010. 

Children and adolescents living in shelters may 
present with impaired motor development, cognitive 
function (5, 6), and speech (7), as well as hyperac-
tivity (8)

 
and psychological alterations such as per-

sonality disorders (9, 10). These impairments may 
be caused by lack of family affection, rejection from 
shelter peers and social discrimination (2). All of 
these factors may be detrimental to motor learning.

Motor learning (ML) is defined as the ability to 
perform a task with improved performance due to 
experience and practice (11, 12). Thus, three stages 
are important in the analysis of ML: acquisition, 
retention and transfer (13). In the acquisition stage, 
individuals make several attempts to adapt to a 
new task.  They activate the cognitive, emotional 
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and attentional process to perform the task (14). 
In the retention stage, after a period without prac-
tice, it is verified whether the individual has really 
acquired certain ability. Finally, in the transfer stage 
it is checked whether a motor behavior can adapt 
to changes in the task performed (15).

Previous studies have used different tasks to assess 
ML, including basketball games  (16, 17), trail mak-
ing tests (18), virtual reality with a cell phone (19), 
and the use of software in a computer (15, 20, 21), 
such as the maze test used in this study, which 
was performed in a virtual computer environment 
and in a real environment, using a sheet of paper. The 
maze test has already been used to assess people 
with typical development (22), deficiency (15), and 
syndromes (23), as well as older adults (24).

As mentioned before, individuals institutionalized 
in shelters may suffer    impairments that may be det-
rimental to their development and to motor learning.  
Moreover, there are only very few studies on the devel-
opment of motor skills in institutionalized individuals.  
Thus, this study aimed to investigate motor learning in 
children and adolescents living in shelters, and com-
pare them with subjects living a family context.

Methods

This was a cross-sectional study, with data col-
lected between September and December 2015. 
Ethical approval was obtained under CAAE: 
46157215.0.0000.551. Thirty-six subjects (children 

and adolescents) participated in this study. Of these, 
18 lived in a shelter in the countryside of the state 
of São Paulo (experimental group - EG) and 18 did 
not live in shelters (control group - CG). All subjects 
participated in an educational and sports project in 
that same city.  These subjects were matched by age 
and sex with the EG.

Inclusion criteria were subjects aged 6-18 years, 
who had signed an assent statement and whose legal 
guardians authorized involvement in the study by sign-
ing an informed consent form. Exclusion criteria were 
having neurological impairment or a visual, cognitive 
or physical impairment that might prevent compre-
hension or completion of the task. Of the children and 
adolescents who did not participate in the study, four 
had neurological impairments and two were younger 
than the age group targeted in this study.

Motor learning was assessed in a classroom and 
subjects were sat in chairs and desks to complete the 
maze test. The maze test used in this study was de-
veloped and used by Rodrigues et al. (25) (Figure 1). 
It was performed in a virtual environment in a 15-
inch Samsung® Notebook, using a regular optical 
mouse (Figure 2), and in a real environment with 
the same proportions of the virtual one, using A4 size 
sulphite paper and a BIC® ballpoint pen (Figure 2).

The maze test is composed of one spatial mem-
ory activity in which the subject has to go through 
a path with only one entry/exit. The time needed to 
complete the task was measured using a stopwatch. 
Participants were instructed to use their preferred 
hand to complete the test. 

Figure 1 - Maze test adopted for the assessment protocol
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Figure 2 - Participant completing the maze test on a computer and on paper.

The assessment protocol was divided into three 
distinct stages: acquisition (task performed on a 
computer, in a virtual environment), retention (the 
same task performed in a virtual environment) and 
transfer (task performed on a paper sheet, in a real 
environment). The study protocol was standardized 
andequally administered by the same examiners to 
all EG and CG participants. In the acquisition stage, 
all children and adolescents performed a total of 30 
repetitions of the maze task on the computer. After 
a five-minute rest period, participants started the 
retention stage, in which they had to complete an-
other five repetitions of the same maze task on the 
computer. In the transfer stage, participants had to 
perform another five repetitions of the same maze 
task, only this time on a paper sheet.

The data collected was organized into blocks of 
five trials and analyzed using the statistical software 

GraphPad Prism. Data normality was determined 
by the Shapiro Wilk test. Due to data normality, a 
Wilcoxon intragroup comparison for dependent 
samples was done. The Mann Whitney test was used 
for intergroup comparisons. The non-parametric 
Kruskal–Wallis test and Dunn’s post-test compari-
son were applied for analysis of the three variables 
(last acquisition block, retention and transfer).  The 
level of significance was set at 5% and the data was 
expressed in median and interquartile range.

Results

The mean age of the sample was 12.2±3.24 years, 
with 10 female and 26 male. We found that the EG had 
longer task performance time than the CG in all stages 
of the protocol, with significant difference between 
groups (p < 0.0001*) (Table 1).

Table 1 -  Comparison of variables (seconds) between groups. Data expressed in median and interquartile range (25-78%)

Z  EG CG Value p

Acquisition A1 11.05[8.50-14.85] 7.65[5.95-10.23] < 0.0001*

A2 9.39[7.39-12.01] 6.10[5.40-7.92] < 0.0001*

A3 8.49[6.45-10.90] 5.80[5.00-6.90] < 0.0001*

A4 8.14[6.06-10.95] 5.60[4.90-6.80] < 0.0001*

A5 8.01[6.25-10.03] 5.55[4.67-6.72] < 0.0001*

A6 8.02[6.86-10.23] 5.50[4.50-6.82] < 0.0001*

Retention 8.20[7.09-9.89] 5.35[4.50-6.22] < 0.0001*

Transfer 8.30[6.28-11.43] 5.30[4.90-6.82] < 0.0001*

Note: EG: experimental group; CG: control group; A1: first acquisition block; A2: second acquisition block; A3: third acquisition block; A4: 

fourth acquisition block; A5: fifth acquisition block; A6: sixth acquisition block.
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We found a significant reduction in task perfor-
mance between the first acquisition block (A1) and 
the last acquisition block (A6) in both groups (GE:  
p < 0.0001*) (CG: p < 0.0000*). We also found that 
the difference between A1 and A6 for both groups 
were similar (Table 2).

Table 2 -  Intergroup comparison between A1 and A6 and ab-
solute delta difference (seconds). Data expressed 
in median and interquartile range (25-75%)

A1 A6 Value p

CG
7.65 

[5.97-10.23]
5.50 

[4.50-6.82]
< 0.0000*

EG
11.05 

[8.50-14.85]
8.02 

[6.86-10.23]
< 0.0001*

Delta
-2.00 

[-4.52-(0.1750)]
-2.05 

[-6.67-(-0.2825)]
0.3159

Note: CG: control group; EG: experimental group; A1: first acquisi-

tion block; A6: sixth acquisition block.

When comparing A6, retention and transfer, we 
found that both groups had the same task perfor-
mance time in all the above mentioned stages, with 
no significant difference between groups (Table 3).

Table 3 -  Comparison of variables (seconds) between A6, 
Retention and Transfer

A6 Retention Transfer Value p

CG 5.50 
[4.50-6.82]

5.35 
[4.50-6.22]

5.30 
[4.90-6.82] 0.499

EG 8.02 
[6.86-10.23]

8.20 
[7.09-9.89]

8.30 
[6.28-11.43] 0.895

Note: CG: control group; EG: experimental group; A6: sixth acquisi-

tion block.

Discussion

This study used the maze test to investigate ML 
and found that children and adolescents who lived 
in shelters had longer task performance time in all 
stages of the study when compared to their controls. 
This finding may be explained by a possible develop-
mental deficit in institutionalized individuals. Chaves 
et al. (26) assessed 44 institutionalized children and 
adolescents. The authors investigated anthropomet-
ric data and children’s development using a semi-
structured instrument to consult medical records and 
performing physical examinations (assessing weight, 

height, cephalic perimeter, thoracic perimeter, child 
development milestones and, in younger children, 
primitive reflexes). The growth of children who live in 
shelters was considered satisfactory, but they showed 
a delay in their psychological and social development. 

We also found a reduction in task performance 
time between the first (A1) and the last task perfor-
mance block (A6) in both groups. This evidences that 
task training during this stage led to an improvement 
in performance, even if the EG had longer task perfor-
mance time than the CG. According to Tallet et al. (27), 
the learning process occurs through memory storage. 
Thus, individuals perform well in specific activities 
when they train them for a long period of time. This 
explains the evolution of the groups assessed in this 
study, as they trained the task several times during 
the acquisition stage.

When comparing the variables of the last acquisi-
tion block, Retention and Transfer, in both groups, 
we found no changes in task performance time, not 
even when comparing task performance in a virtual 
environment (Acquisition and Retention) and in a 
real environment (Transfer). 

In this study, we used a real maze in the transfer 
stage to analyze the process of adaptation to a task 
change. Probably because the task was easy to un-
derstand and the subjects had already had contact 
with the virtual reality, the change to a real interface 
did not represent an obstacle to performance and the 
performance time of both groups remained constant. 
Nevertheless, although the EG showed no changes 
in task performance time between test batteries, its 
performance time was still longer than that of the CG, 
which confirms the deficit in the EG group.

Previous studies (28, 29) confirm that individuals 
institutionalized in shelters usually have impaired 
psychomotor development when compared to non-
institutionalized individuals. This may be detrimental 
to the performance of motor activities such as the 
maze test. 

The findings of this study indicate that the EG and 
the CG evolved in a similar way in the performance of 
the motor activity maze. Notwithstanding, the EG had 
a longer performance time, probably due to the need 
of greater stimuli and more training for an effective 
learning experience. In this context, Torquato et al. (30) 
state that an individual’s intellectual, motor and emo-
tional development requires stimuli that may be pro-
vided by an affective relationship in the context of 
family interaction. An individual who lives in a shelter 
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is usually deprived of receiving stimuli generated by 
interaction among family members. With time, how-
ever, these children and adolescents look for affection 
in their peers, creating a family environment where 
these stimuli can be generated (30). This may favor 
their development.

The authors (30) also report that these individuals 
also have an impaired neuro-psychomotor develop-
ment, although with no significant results. This fact 
may indicate once again that individuals from the EG 
and the CG have a similar development, but the EG 
has a longer performance time. 

The finding for the CG (i.e., no changes in task per-
formance time throughout all testing stages) is prob-
ably due to fact that the task was easy to perform for 
all these subjects. According to Fox et at. (31), when 
individuals live in a stable family environment they 
show significant differences in cognitive development, 
language, memory and speed of information process-
ing during performance of a task, when compared to 
institutionalized individuals. This explains the longer 
task completion time demonstrated by the EG.

The results obtained in this study allow us to af-
firm that the maze test is an important tool for the 
analysis of motor learning, because its completion 
requires basic motor skills, the test is easily used in 
research and it can be administered both to typical 
and atypical individuals (24), such as older adults, 
children with neurological injury or with delayed de-
velopment - like the ones in this study. Nonetheless, 
in this task, time is seen as quantitative variable of 
motor learning and hence we used the maze test to 
investigate subjects’ ability to perform the task the 
best they could, as measured by movement time.

During this study, we were not able to find many 
studies on ML in children and adolescents living in 
shelters, regardless of the task selected for analysis. 
This fact potentiates the results found in this study 
and reveals the importance of assessing motor learn-
ing in this population.

As a study limitation, we note the relatively small 
sample size due to the smaller number of institution-
alized children and adolescents in the selected age 
group. We suggest the conduction of other studies 
with bigger samples and, quantitative and qualitative 
analyses of learning motor. 

Conclusion

Individuals living in shelters showed a motor 
learning deficit, as evidenced by longer task per-
formance time when compared to their controls. 
Nevertheless, both groups performed the task in a 
similar manner.
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