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4 Abstract )

Introduction: These changes are the main causes of deficits in perceptual-motor skills responsible
for motor skill acquisition and performance of functional activities. AIMS: The current study aimed at
verifying the quantitative performance of people with DS in undertaking a computer task to compare the
performances of typical development (TD).

Methods: 60 subjects participated in the study, 30 with Down’s syndrome and 30 with typical
development, matched by sex. Individuals were aged from 10-36. The groups were divided into three
subgroups by age: Group 1 (G1) 10-18; Group 2 (G2) 18-25; Group 3 (G3) 25-36. They performed a
computer maze task. During the acquisition phase all groups attempted the maze 30 times, and then
after 5 minutes they performed 5 repetitions of Maze 1 for the retention phase. Finally, for the transfer
phase, they performed five repetitions in Maze 2. The dependent variables were submitted to a group,
age group, gender and block ANOVA with repeated measures on the last factor.

Results: In acquisition phase there was a significant decrease in movement time (MT) between the first
and last acquisition block, but only for the DS-group. In retention, there was a significant effect of Group,
and an interaction between Block and Group, indicating that MTs increased from retention to transfer,
but only for the DS-group. Conclusion: It was found that participants with DS improved performance
during acquisition and retention, but they had difficulty in performing the transfer of the computational
task for a similar situation. The age and gender were not significant in any of the stages of the study.

Key words: computer task, motor learning, Down’s syndrome.

B INTRODUCTION

Down’s syndrome (DS) is caused by trisomy of hu-
man chromosome 21 (HSA21) and results in a large num-
ber of phenotypes, including learning difficulties, cardiac
defects and distinguishing facial features'?. It is associ-
ated with approximately 1/800 live births and is one of the
leading causes of intellectual disabilities®. Down’s syn-
drome is accompanied by multisystem pathologies, which
involve delays in basic motor skills, motor impairments,
and abnormalities in gait and posture®.

As well as several major motor disorders when
compared to healthy persons’, previous studies suggest
that children with DS, demonstrate motor problems and

cognitive deficits®. The delay in the neuropsychomotor de-
velopment is an indication that there are alterations in the
acquisition of skills and other development areas’.

Children with DS are especially vulnerable to atten-
tion impairments because of a genetic neurodevelopmental
disorder; attentional constraints will likely exacerbate an
already compromised social function. These in turn may
reduce learning capacity and increase risk of academic
failure®, poor social relationships and long-term behav-
ioral and emotional problems’.

According to Torriani-Pasin et al.'®, one of the
main problems for DS individuals is the deficit of the
perceptual-motor abilities, which are responsible for the
abilities that support the acquisition of several motor
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skills. As well as short-term memory performances, long-
term memory and visuoperceptual abilities are impaired
because of a dysfunction of different parts of the brain.

One possible task that may require perceptual mo-
tor abilities and is important for people with DS to adapt
to the modern environment is to use the computer as as-
sistive technology. Computers and assistive technology
devices can maximize independence, productivity, and
participation of people with disabilities in academic pro-
grams, employment, recreation, and other activities. Mey-
er e Kieras'? cited that on the basis of executive-process
interactive control (EPIC), computational models may be
formulated to simulate multiple-task performance under a
variety of circumstances.

Therefore, the computer can be a very useful tool
in supporting the global development of children with mo-
tor disorders when used as an instrument for stimulation
and communication. In addition, it can potentially serve as
a therapeutic tool because they can combine functionality,
pleasure, discovery, and autonomy"?.

Despite recognition of the importance of computer
use for the functioning of people with disabilities, few
studies have examined the computer task performance of
subjects with DS. Heath et al.' cited that the perceptual
motor abilities of persons with DS are not optimized to
respond to externally paced stimuli, this because the per-
formance of the DS group was slower and more variable
than the control. However, while all individuals with DS
exhibit some form of learning and memory impairment,
this varies in severity?.

Hedges et al.' cited that insights into the behavioral
and neurobiological connections relate to the formation of
specific abilities, such as spatial ability, and that learning in
formal environments would be beneficial not only for under-
standing play, attention, and learning individually, but also
for the development of more efficacious systems for learn-
ing and for the treatment of neurodevelopmental disorders.

In order to analyze the performance of people with
DS on a computer, this study used a maze task that used
the keyboard arrows (up, down, right, and left) to com-
plete a maze in the shortest time (see pilot study done by
Possebom et al.'). According to Silva et al. and Courbois
et al.'™'8, tasks using technological devices have shown
positive results in the participation of the individual, en-
courage activities in daily life, and can be achieved with
the higher performance of sensory, motor and cognitive
functions in a way that stimulates and motivates individu-
als in their own recovery.

The current study aimed at verifying the quanti-
tative performance of people with DS in undertaking a
computer task. Specifically, the goal of the research is to
compare the performances of typical development (con-
trol group) matched for gender and age with subjects with
DS on a simple computational task.

B METHODS

This study was approved by the Ethics Committee
for review of research projects of the Faculdade de Medic-
ina do ABC — FMABC, CAEE: 39122214.6.0000.0082.
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Participants

A total of 60 subjects participated, 30 with Down’s
syndrome and 30 typical developing (TD), sex- and age-
matched. The minimum age of the individuals was 10,
maximum 36. The groups were divided into three sub-
groups by age: Group 1(G1)10-18 years; Group 2 (G2)
18-25 years; and Group 3 (G3) 25-36 years old.

In order to characterize and homogenize the sam-
ple for this study the International Classification of Func-
tioning, Disability and Health (ICF) was used. According
to the World Health Organization (WHO), this classifica-
tion system is useful for organizing homogenous groups in
scientific research.

All participants in the study had the following
characteristics analyzed independently by three therapists:

(a) Intellectual functions: General mental func-
tions, required to understand and constructively integrate
the various mental functions, including all cognitive func-
tions and their development throughout life, with moder-
ate difficulty (b117.2)

(b) Maintenance of attention: Mental functions that
allow concentration for the period of time required with
moderate difficulty (b1400.2).

(c) Focus attention: Focus intentionally attention
on specific stimuli, turning off noises that distract with
moderate difficulty (d160.2).

(d) Performing a complex task: Preparing, initiat-
ing and arranging the time and space required for a com-
plex task with two or more components, which can be
performed sequentially or simultaneously, with slight dif-
ficulty (d2101.1).

() Communicate and receive spoken messages:
Understand the literal and implied meanings of messages
in spoken language with moderate difficulty (d310.2).
(f) Communicate and receive messages using body lan-
guage with slight difficulty (d3150.1).

(g) Acquire complex skills: Learning integrated
sets of actions, according to rules, and carry out and coor-
dinate the movements themselves so sequenced with mod-
erate difficulty (d1551.2).

Exclusion criteria included other diseases associ-
ated with changes in cognitive functions that prevent col-
laboration and understanding simple commands in the
proposed activities.

Instruments
Maze task

To verify computer task performance, we used a
maze task proposed by Souza, Franga and Campos ' and
used by Malheiros et al.?® with disabled people. It con-
sisted of traversing a path on the computer screen in the
shortest possible time. The maze had one entrance, one
exit, and only one way to achieve the goal. Souza, Fran¢a
and Campos' stated that the maze task could be used in
the diagnostic evaluation of individuals with changes in
control and motor learning to identify aspects that are
compromised during motor task execution.
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Figure 1: Maze task: Maze A (acquisition and retention
phase) and Maze B (transfer phase).

Procedure

Participants or their legal guardians signed a con-
sent form. Participants completed the maze task individu-
ally in a room equipped with a computer, table, chair, and
with an evaluator responsible for providing instruction.

The chair and footrest were adjusted according to
the height and needs of the individual so that they would
be properly positioned to view the beginning and end of
the task. Before starting the task, the researcher demon-
strated and described how to perform the task once; then
all participants completed a single trial test to verify that
they understood the instructions. They were asked to per-
form the task in the shortest time possible, taking the pawn
to the “X” using the keyboard arrows (up, down, right,
and left).

The protocol was similar to that used by Malhei-
ros et al.?’. During the acquisition phase, all groups at-
tempted the maze 30 times, and then after 5 minutes they
performed 5 more repetitions of the same maze for the
retention phase. Finally, for the transfer phase, they per-
formed five repetitions in a maze with different way. The
study design task is shown in Figure 2.

Figure 2: Study flow chart.

The variables were categorized by: Group (DS,
TD), Age (G1: 10-18 years old, G2: 18-25 years old, G3:
25-36 years old) and Gender (male, female).

Data analysis
The dependent variables were submitted to a 2
(group: DS, TD) by 3 (age group: G1, G2, G3) by 2 (gen-
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der: male, female) by 2 (block) ANOVA with repeated
measures on the last factor. For the factor block, separate
comparisons were made for acquisition (first acquisition
block A1 versus final acquisition block A6), retention (A6
versus retention block R) and transfer (R versus transfer
block T).

In order to examine how many attempts were nec-
essary for stabilization of the movement time, further
analyses were made between the blocks A1-A2, A2—-A3,
A3-A4, A4-AS5 and A5-A6 (results in Figure 3). Post
hoc comparisons were carried out using Tukey-HSD test
P < .05).

B RESULTS

Acquisition

Significant effects were found for Group F(1, 48) =
24.3, p <.001, n2 = .34, Block F(1, 48) =30.9, p <.001,
n2 = .39, and Block by Group, F(1, 48) = 19.6, p <.001,
12 =.29. Post hoc comparisons indicated a significant de-
crease in movement time (MT) between the first and last
acquisition block, but only for the DS-group (M= 33.1s
and 16.1s, respectively) and not for the TD-group (M=
7.7s and 5.7s, respectively) (Fig. 3). In addition, the TD-
group showed shorter MTs (M= 6.7s) than the DS-group
(M= 24.6s) across practice.
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Figure 3: Representation of the blocks of trials in both
groups (mean and standard error).

A1-A6: blocks of acquisition phase; R= block of
retention test; T= block of transfer test DS: group with
Down’s syndrome; TD: group with typical development;

*p <0.05.

Retention

The comparison of the final practice and retention
blocks did not reveal any significant main or interaction
effects for Block. In other words, for both groups the pat-
tern of MT in the final practice block and retention were
similar, indicating that the learning of the DS-group had
consolidated. The main effect for Group, however, was
remained present F(1, 48)= 30.0, p <0.001, n?>=.39, with
a much larger MT in the DS-group (M= 16.1) than in the
TD-group (M= 5.8s).

Transfer
There was a significant effect of Group, F(1, 48) =
38.9, p <.001, n? = .45, and an interaction between Block
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and Group F(1, 48) = 6.3, p = .015, n*> = .12, indicating
that MTs increased from retention to transfer, but only
for the DS-group (M = 16.1s and 17.4s, respectively) and
not for the TD-group (M = 5.8s and 5.4s, respectively). In
addition, the MT in the DS-group was still much larger
(M =16.7s) than in the TD-group (M = 5.6s).

For all phases of the study (acquisition, retention
and transfer), there was no difference between groups of
age or gender.

H DISCUSSION

People with Down’s Syndrome can benefit from
the use of various supporting technologies that facilitate
communication, interaction and even mobility. Under-
standing performance-computing tasks with individuals
with disabilities can help develop important strategies
to maintain or improve their functionality. According to
Almeida et al.?', activities using the computer have been
used to improve social communications in DS In the case
of individuals with Down’s syndrome it is reasonable to
expect that the performance may result in a reduced ability
to engage in same skills 2.

However, in the study by Wuang et al.”® after a
therapy with games the authors realized that individuals
had a greater pre—post change on motor proficiency, visu-
al-integrative abilities, and sensory integrative function-
ing. Considering the maze task, the results show that only
participants in the DS group had a significant performance
verified by differences between the beginning and end of
the acquisition phase, with reduced time to perform the
task. Subjects with DS were able to maintain their per-
formance, and although there was a significant difference
between retention and transfer, the value was very distant
from the first acquisition phase.

Menezes et al.** conducted a systematic review
about motor learning and concluded that motor learning
in individuals with Down’s syndrome can occur follow-
ing different tasks, allowing better motor control and spe-
cific skills often independently of the knowledge of results
(KR), and is more effective in the presence of visual feed-
back and self-control.

Nevertheless, the developmental progress in chil-
dren with Down’s syndrome is undermined by their failure
to practice and maintain new skills and by their counter-
productive approach to learning new skills and these fac-
tors must be taken into account when assessing cognitive
functioning in individuals with Down’s syndrome *. In
the same way, learning and memory problems that begin
to emerge in late infancy become considerably more no-
ticeable in adolescence and seem to be related to an in-
ability to consolidate the information that is acquired®?’.

Opposite results of the Downs syndrome group
were found in the TD group: participants did not improve
their performance during the training period, and it can
be seen that the first block of acquisition was already
almost this group’s fastest performance, suggesting that
the task was easier for the TD group; the performance of
the DS group was always worse than that of the control
group since the runtime always remained higher. Thus, we

- 208 -

J Hum Growth Dev. 2016; 26(2): 205-210

can say that people with DS have slower movements in
achieving the same task compared to the TD group.

According to the study by Menezes et al.?®, the
comparison between the groups (DS and TD) performing
a maze task on a cellphone, showed that the Down’s syn-
drome individuals had greater difficulty in carrying out the
task, as evidenced by the longer time required for execu-
tion. Menezes et al.?® in turn assert that, regardless of the
difficulty encountered in the task, participants were able
to maintain performance, allowing an adaptation from a
stabilization phase, featuring the motor learning.

A study by Davis et al.??, conducted an experiment
in which they evaluated route-learning of youth with DS
in computational tasks. Two experiments were performed
that evaluated the route-learning of youth with DS, youth
with intellectual disability (ID) and not DS, and typi-
cally development (TD) children, matched on mental age
(MA). The participants learned routes with eight choice
points, presented via computer. Several objects were
placed along the route that could be used as landmarks.
Participants navigated the route once with turn indica-
tors pointing the way, and then retraced the route without
them. The results pointed to a problem in navigation for
persons with DS that exceeds expectations based solely
on intellectual level®.

Elliot et al.?’ realized that the movement performed
by the person with Down’s syndrome took twice as long
to complete, was typically performed with slower move-
ments in order to achieve the same degree of accuracy,
compared with young adults from the general population.
Considering the difference between the DS and Control
Group Elliot et al.*® speculate that the slower movement
performed by the person with Down’s syndrome is partly
because of a lower peak in the magnitude of acceleration,
but the primary reason for the extra time is associated with
the multiple discontinuities in acceleration after peak ve-
locity was achieved. Because these corrections are neces-
sary, the assumption is that the performers with Down’s
syndrome have problems with movement planning and
feed-forward control.

Corroborating the study, Palisano et al.*®, indi-
cated that individuals with DS need more time to learn
certain movements as they increase in complexity when
compared to individuals with normal development. This is
because individuals with DS exhibit some form of learn-
ing and memory impairment, which varies in severity?’.
However, despite similarities in overall speed and accu-
racy outcomes, kinematic data indicate that reaching and
aiming are compromised in these groups for some very
specific reasons®.

The main problem for DS individuals can be in the
deficit of perceptual-motor abilities, which are responsi-
ble for the abilities that support the acquisition of several
motor skills'. This is because, in this population manual
tasks feature characteristics such as slowness, selection of
unusual strategies, and delay in the acquisition of key pat-
terns of movement®'.

For this measurement our study characterized the
performance of people with DS in undertaking a basic task
maze on the computer, based on a motor learning protocol.
The results show that persons with DS were able to learn

DOI: http://dx.doi.org/10.7322/jhgd.119273



Maze computer performance in Down syndrome

a new task using a computer, but the performances were
worse in all phases of the experiment when compared with
the control group.

Bl CONCLUSION

It was found that participants with DS improved
performance during acquisition and retention, but they
had difficulty in performing the transfer of the computa-
tional task to a similar situation. However, a difference in
MT was observed in all attempts among individuals from
both groups. The age and gender were not significant in
any of the stages of the study.

J Hum Growth Dev. 2016; 26(2): 205-210
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Resumo

Introducgao: A sindrome de Down (SD) apresenta atrasos nas habilidades motoras basicas provavelmente devido
a déficits perceptuais-motores, responsaveis pela aquisicdo de habilidade motora e desempenho em atividades
funcionais.

Objetivo: O presente estudo teve por objetivo verificar o desempenho quantitativo de pessoas com SD na realiza¢ao
de uma tarefa de computador para comparar o desempenho com pessoas com desenvolvimento tipico (DT).

Método: 60 pessoas participaram do estudo, 30 com sindrome de Down e 30 com desenvolvimento tipico, pareados
por idade e sexo. Os participantes tinham idade entre 10-36. Os grupos foram divididos em trés subgrupos por idade
que realizaram uma tarefa de labirinto no computador Grupo 1 (G1) 10-18 anos, Grupo 2 (G2) 18-25 anos e Grupo
3 (G3) 25-36 anos. Durante a fase de aquisigao todos os grupos realizaram 30 vezes o labirinto, e apds 5 minutos,
realizaram mais 5 repetices do Labirinto 1 para a fase de retencdo. Finalmente, para a fase de transferéncia,
5 repeticBes foram realizadas no Labirinto 2. As variaveis dependentes foram submetidas a ANOVA para grupo,
idade, género e bloco com medidas repetidas para o Ultimo fator.

Resultados: Na fase de aquisi¢éo, houve uma reducéo significativa no tempo de movimento (TM) entre o primeiro
e Ultimo bloco da aquisi¢cdo, mas somente para o grupo SD. Na retengdo, houve um efeito significativo para Grupo,
e uma interagdo entre Bloco e Grupo, indicando que o TM aumentou da retencao para transferéncia, mas somente
para o Grupo SD.

Conclusao: Verificou-se que os participantes com SD melhoraram o desempenho durante a aquisi¢ao e retencao,
mas mostraram dificuldade em realizar a transferéncia da tarefa computacional para um situacéo similar. Idade e
género nado foram significativas em nenhuma das etapas do estudo.

Palavras-chave: tarefa computacional, aprendizagem motora, sindrome de Down.
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