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Resumo

Menezes LDC. Verificagdo da analise de desempenho na sindrome de Down por
meio de jogo de labirinto em telefone mével [Dissertation]. S&o Paulo: Faculdade
de Medicina, Universidade de S&o Paulo; 2016.

Introducdo: A sindrome de Down (SD) é uma alteracdo genética caracterizada pela
presenca de um cromossomo extra, suas principais dificuldades sdo causadas pelas
alteracbes motoras e cognitivas que interferem na capacidade de realizar atividades
diérias. Para propiciar funcionalidade as pessoas com SD, uma opgdo é utilizar tarefas
em ambiente de realidade virtual para possibilitar 0 ganho de habilidades motoras.
Objetivo: Avaliar o desempenho de pessoas com SD em tarefa virtual em telefone
movel. Método: Foi utilizado o jogo Marble Maze Classic®, onde os participantes
moviam o telefone mdvel para conduzir uma bola virtual por um desenho de labirinto.
Foram avaliadas 100 pessoas separadas em dois grupos, sendo o grupo 1 (controle)
formado por 25 participantes com Desenvolvimento Tipico e grupo 2 (experimental)
formado por 25 pessoas com SD, sendo o desenho do labirinto do grupo 2 totalmente
oposto ao do grupo 1. Como variavel dependente utilizou-se o tempo em segundos e
foram submetidas a ANOVA. As comparagOes post-hoc foram realizadas por meio do
teste Tukey-HSD (p <0,05). Resultados: O grupo controle manteve o desempenho na
fase de retencdo e conseguiram transferir tanto no labirinto 1 como no 2. Ja o grupo SD
conseguiu transferir a tarefa apenas no labirinto 2. No labirinto 1 ndo conseguiu
transferir quando invertemos o inicio e o fim do trajeto. Concluséo: Pessoas com SD
conseguiram se adaptar a tarefa proposta, porém com desempenho sempre inferior as
pessoas com DT. Assim como, demonstraram dificuldade em manter o desempenho
com o aumento do grau de dificuldade da tarefa, o que sugere que novas tecnologias
devem ser adaptaveis as dificuldades de pessoas com SD, permitindo assim maior
funcionalidade. Palavras chave: sindrome de Down; destreza motora; fisioterapia;

telefones celulares; terapia de exposicao a realidade virtual.



Abstract

Menezes LDC. Verification of performance analysis in Down syndrome through a maze
game on mobile phone [Dissertation]. Sdo Paulo: "Faculdade de Medicina,
Universidade de S&o Paulo™; 2016.

Introduction: Down syndrome (DS) is a genetic disorder characterized by the presence
of an extra chromosome, which is typically associated with motor and cognitive
changes that interfere with the ability to perform daily activities. To provide
functionality to individuals with DS, one option is to use tasks in a virtual reality
environment to enable gains in motor skills. Objective: To evaluate the performance of
individuals with DS in a virtual task on a mobile phone. Method: The game Marble
Maze Classic® was used, in which the participants moved the mobile phone to conduct
a virtual marble through a maze design. We evaluated 100 individuals divided into
group 1 and 2, where each group consisted of 25 participants in the control group
(typical development) and 25 in the experimental group (DS), with group 2 using a
maze design totally opposite to group 1. The dependent variable used was time in
seconds and was subjected to ANOVA. Post-hoc comparisons were performed using
Tukey's Honest Significant Difference test (p <0.05). Results: The control group
maintained performance in the retention phase and was able to transfer both in maze 1
and 2. The DS group managed transfer to the task only in maze 2. In mazel, the DS
group failed to transfer when we inverted the start and end of the path. Conclusion:
People with DS have managed to adapt the proposed task, but with always
underperform people with DT. As demonstrated difficulty in maintaining performance
with increased task difficulty, suggesting that new technologies must be adaptable to the
difficulties people with DS, thereby enabling increased functionality.

Keywords: Down syndrome; motor skills; physical therapy speciality; cell

phones; virtual reality exposure therapy.
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1-INTRODUCAO

1.1 Sindrome de Down

A sindrome de Down (SD) € uma alteracao genética, também conhecida
como Trissomia 21, resulta em mudancas significativas na arquitetura e no
funcionamento do sistema nervoso central, caracterizada pela presenca de um
cromossomo extra (Chiviacowsky et al., 2012).

A causa das alteracbes cromossdmicas pode ocorrer de trés modos
diferentes. Em 96% dos casos, ocorre a chamada trissomia por ndo disjuncéo
cromossOmica caracterizada por um erro na divisdo durante a meiose e resulta
em um zigoto que contem trés cromossomos, em vez de dois. Quando o
embrido recém-iniciado comeca a crescer, por divisdo e duplicacdo, o
cromossomo extra também € copiado e transmitido a cada nova célula. A
consequéncia é que todas as células contém esse cromossomo 21 extra
(Bissoto, 2005).

Os 4% restantes de bebés com sindrome de Down que ndo tém
trissomia do 21 por ndo-disjuncdo apresentam um dos outros dois tipos: por
translocacdo ou mosaicismo. Na trissomia do 21 por translocagdo, o
cromossomo 21 adicional esté fundido a um outro autossomo; a mais comum é
aquela existente entre os cromossomos 14 e 21. Ja a sindrome de Down
caracterizada por um maosaico representa um grupo menor, no qual as células
trissbmicas aparecem ao lado de células normais (Silva and Dessen, 2002).

A incidéncia na sindrome de Down é cerca de 1 em cada 750 nascidos

vivos e considerada a mais frequente causa de dificuldade em aprendizagem
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(Lana-Elola et al., 2011), apresentam também atraso na aquisicdo de marcos
motores, déficit de desempenho sensério-motor, além de limitacGes
significativas no comportamento intelectual e adaptativo (Wuang et al., 2011).

Segundo Rodenbush et al. (2013) as alteracbes biomecanicas
caracteristica das pessoas com SD como hipermobilidade, hipotonia e
frouxidao ligamentar sdo as principais responsaveis pelo atraso das aquisicdes
motoras. Outras caracteristicas clinicas sado observadas, como: limitacdes
ortopédicas, cardiovasculares, musculo-esquelético, e perceptuais (Lin and
Wuang, 2012). Essas alteracfes prejudicam a realizacdo das atividades diarias
e principalmente a independéncia de pessoas com SD mesmo durante a vida
adulta (Lifante, 2009; Wuang et al., 2011).

Pessoas com sindrome de Down também apresentam deficiéncia
intelectual que exige monitorizacéo periodica da cognicao (Sabbagh and Edgin,
2016), assim como deficiéncias sensoriais, que podem afetar negativamente a
aprendizagem e a funcionalidade cognitiva (Maatta et al., 2006). Segundo
Cambell et al. (2013); Edgin (2013), habilidades cognitivas alteradas,
influenciam diretamente o0 processamento de informagbes, causando
dificuldade na atencdo, memoria, aquisicdo da linguagem e outras habilidades
de desenvolvimento.

Costa et al. (1999) citam que perturbacdes na dindmica de producao de
movimento e controle postural podem ter um impacto significativo em alterar a
aquisicdo de habilidades motoras na SD. Segundo Shapiro (2001) uma
possivel alteracdo cerebelar pode ser responsavel por dificuldades motoras na
SD, provavelmente o volume cerebelar reduzido, ou hipoplasia cerebelar, pode

contribuir para a perturbacdo do controle motor fino (Vicari, 2006; Moldrich et
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al., 2007) e aprendizagem de habilidades visuomotoras (De Moura Rodrigues
et al., 2011).

Vicari et al. (2006) citam que pessoas com SD apresentam dificuldade
na realizacdo de tarefas que avaliam a percepc¢éo e a configuracdo visual da
imagem dos objetos. Essas alteracdes que prejudicam as habilidades motoras
interferem diretamente na exploracdo do ambiente, provocando uma reducéo
crucial de estimulos e experiéncias para o desenvolvimento de linguagem,
cognicao e socializacao (Volman et al., 2007; Santos et al., 2010).

Na tentativa de diminuir o impacto das dificuldades de pessoas com SD,
verifica-se a existéncia de varias pesquisas especificamente sobre cognicéo
(Delavarian et al., 2012; Hemmati et al., 2013), alteracdes respiratérias (Takci
et al., 2012), renais (Kute et al., 2013), cardiacas (Desai et al., 2014), genética
(Jones et al.,, 2013), visuais (Schonfeld and Hennig, 2013), diagndstico
gestacional (Kaposy, 2013; Lee et al., 2013) e longevidade (Roizen et al.,
2014). No entanto, pode-se observar um crescente interesse em pesquisas
sobre ambientes que utilizem sistemas computacionais interativos que
propiciem tarefas virtuais na Sindrome de Down (Wuang et al.,, 2011;

Delavarian et al., 2012; Courbois et al., 2013).

1.2 Realidade Virtual

Snider et al. (2010) apresentam que a RV tem beneficios potenciais para
as criangcas com disturbios neurolégicos e poderia influenciar positivamente a
plasticidade, a capacidade de reorganizacdo cerebral motora, habilidades

visual-perceptual, participagdo social e fatores pessoais. A RV € uma nova
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tecnologia que permite aos usuarios interacdo com um cenario em trés
dimensdes gerado por um computador durante execucdo de determinada
tarefa, permitindo graduacéo da intensidade e aumento do feedback visual,
sensorial e auditivo (Saposnik et al., 2010). Assim como demonstra o estudo de
Lorenzo et al. (2015), onde apds 20 sessbGes de intervencdo com tarefas
virtuais os individuos revelaram uma melhora nas habilidades de motricidade
global, equilibrio, esquema corporal e organizacao espacial.

Durante o processo de reabilitacdo, o terapeuta deve usar instrumentos
interessantes de motivacdo e alternativas para auxiliar na melhora funcional
utilizando novas técnicas de tratamento. A reabilitacdo utilizando tarefas
virtuais oferece diferentes possibilidades para os pacientes, simulando
movimentos sincronizados do corpo com o auxilio de jogos e tarefas
motivacionais (Luque-Moreno et al., 2015)

Os principais objetivos na reabilitacdo com realidade virtual por meio de
diferentes softwares, exercicios e técnicas de reabilitacdo sao: (1) aumento da
capacidade funcional em atividades e (2) melhora na participacdo da pessoa na
vida diaria, podendo ser alcancado com maior desempenho das funcbes
sensoriais e motoras (Courbois et al., 2013). Garbin et al., 2006 citam que a RV
permite uma interacdo segura e agradavel, pelo fato de transportar os
elementos virtuais ao mundo real, podendo interagir com os elementos virtuais
de forma natural, utilizando as maos, eliminando dispositivos tecnoldgicos
complexos e tornando a interacdo atrativa e motivadora.

Dentre os diferentes dispositivos de interacdo que proporcionam tarefas
virtuais e que podem ser utilizados por pessoas com SD estdo o0s

computadores, videos games e tablets. No entanto, o uso do telefone movel
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como tecnologia interativa € uma opc¢éao atual e valorizada a cada dia pelo seu
baixo custo, praticidade de uso e acessibilidade para muitas pessoas. Segundo
Burgstahler et al. (2011) o que dificulta pessoas com deficiéncia em utilizar
dispositivos grandes como o computador € a limitacdo de uso do teclado ou
mouse e na incapacidade de transportar sem auxilio, mesmo que seja um
laptop ou netbook, pois o cuidado com 0 manuseio acaba por impossibilitar sua
utilizacdo em varios momentos do dia a dia.

Os telefones méveis antigos apresentavam maiores dificuldades devido
ao tamanho reduzido da tela e pela presenca de botdes pequenos que
prejudicavam a comunicacado e interacdo. Porém os modelos atuais permitem
sua conectividade pelo movimento do aparelho ou comandos de voz sem a
necessidade de utilizar o teclado. Outra vantagem do telefone movel na
interacdo para pessoas com SD, é a facilidade para ser transportado e utilizado
sem dificuldade em qualquer momento do dia (De Joode et al., 2010).

O controle da forca e a precisdo do movimento durante uma
determinada tarefa sdo fungbes peculiares da mao, que se caracteriza como
uma estrutura corporal motora (execucdo de movimentos) e sensorial para
transmitir informagbes ambientais ao cérebro. Essas fung¢Bes podem ser
comprometidas mediante os distlurbios do desenvolvimento na crianga, uma
vez que desempenham um papel importante em nosso dia a dia em atividades
como a preensdo e a manipulacdo de objetos (Loureiro Vianna, 2013). As
tarefas motoras e sensoriais executadas pelas méaos séo organizadas de forma
a atender o bom funcionamento geral do corpo em termos de desempenho nas

atividades de vida diaria, necessérias para sobrevivéncia (Priosti et al., 2009).
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Para a efetivacdo dessas tarefas funcionais o telefone movel é cada vez
mais utilizado, pois possuem a capacidade de maximizar a independéncia,
produtividade e participacdo das pessoas com deficiéncia em programas
académicos, empregos, tarefas recreacionais, entre outras atividades. O uso
da tecnologia por pessoas com deficiéncias por meio de um dispositivo de
telefone moével permite uma melhora na pratica e na funcionalidade dessas
pessoas viabilizando realizar ligagbes, mensagem e tarefas ladicas com
maiores facilidades (Burgstahler et al., 2011).

Considerando as deliberacdes apresentadas, este trabalho tem como
objetivo avaliar o desempenho de pessoas com SD em tarefa virtual em
telefone movel. Para tanto, utilizou-se uma tarefa simples de labirinto, na qual
por meio da movimentacdo do telefone mével os participantes do grupo
experimental com SD e do grupo controle formado por pessoas com
desenvolvimento tipico movimentavam uma bola virtual em direcéo a saida.

Como hipétese, espera-se que pessoas com SD sejam capazes de se
adaptar a tarefa virtual com o uso do telefone moével e melhorar o desempenho
com a pratica na aquisi¢cao, assim como mantenham o desempenho em tarefas
de transferéncia, ou seja com a mudanca de labirinto. No entanto, devido as
dificuldades funcionais que caracterizam a SD o desempenho serd inferior ao
das pessoas com desenvolvimento tipico. Os resultados permitem verificar o
uso funcional do telefone mével, o que pode direcionar para novas pesquisas e
utilizacao desta tecnologia em programas de incluséo, reabilitacdo cognitiva e

motora.
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2- METODO

2.1 PARTICIPANTES

Para a realizacdo deste estudo, um total de 108 participantes foram
recrutados, onde 8 desses participantes ndo preencheram os critérios de
inclusdo, portanto, participaram das avaliacbes um total de 100 adolescentes e
jovens adultos. Destes, 50 pessoas com SD constituiram o Grupo Experimental
(GE), sendo 28 homens e 22 mulheres com média de idade de 20,1 +7,9 e 50
pessoas com desenvolvimento tipico constituiram o Grupo Controle (GC),
sendo 19 homens e 31 mulheres com média de idade de 20,00 £7,8. Foram
consideradas elegiveis as pessoas com diagnéstico médico de Sindrome de
Down e que assinaram o termo de consentimento livre e esclarecido ou a
autorizacdo dos pais / responsaveis caso o participante fosse menor de idade.
Todas as pessoas avaliadas foram capazes de realizar o movimento de
preensdo para segurar o telefone mével com uma das méaos. Os critérios de
exclusao foram: presenca de comorbidades como autismo ou outras alteracdes
genéticas associadas, incapacidade funcional que impecam a realizacdo da
tarefa, ou durante a fase de familiarizacdo realizada por meio de 5 tentativas
nao conseguiu compreender a tarefa. Este estudo foi aprovado pelo Comité de
Etica do Departamento de Fisioterapia, Fonoaudiologia e Terapia Ocupacional
da Universidade de S&o Paulo sob o protocolo nimero 341/14. O Termo de
Consentimento livre e esclarecido foi fornecido aos participantes e/ou seus

responsaveis legais.
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2.2 —=INSTRUMENTO

Para coleta dos dados foi utilizado o telefone movel smartphone marca
Nokia®, e o jogo de labirinto (Marble Maze Classic®) disponivel gratuitamente
na Nokia Store. A tarefa consistiu em percorrer um caminho simples
conduzindo uma bola virtual por um percurso pré-determinado de labirinto, com
a meta de alcancar o alvo final no menor tempo possivel.

Simulando uma mesa de madeira com paredes que delimitam o trajeto
do labirinto, a bola virtual percorre o caminho por meio de movimentos
realizados pela méo do participante que segura o telefone mével, como se este
fosse a superficie da mesa, e a bola se movimentasse sobre a superficie. Com
a movimentacdo da mao, a bola virtual rola em direcdo a inclinagcdo e o
participante consegue realizar as curvas necessarias para finalizar o trajeto.

Para este trabalho, foram customizados diferentes labirintos, mas com
pouca dificuldade na identificacdo do trajeto, sem necessitar de alta demanda
cognitiva. Em cada labirinto o trajeto era Gnico, ou seja, nao havia
possibilidades de errar o trajeto até o final, em todas as curvas sO existia uma
possibilidade de continuidade do percurso. Desta forma, o percurso realizado
pela bola era sempre 0 mesmo em todas as tentativas. Como a meta era
chegar na saida (alvo final) no menor tempo possivel, o préprio aplicativo do
celular cronometrava e informava o tempo de execucdo da tarefa ao

participante e avaliador.
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2.3 CASUISTICA

Os patrticipantes, tanto do GE quanto do GC, foram divididos em dois
subgrupos: Grupo 1 (n= 50 composto por 25 participantes do grupo controle e
25 do grupo experimental) e Grupo 2 (n= 50 composto por 25 participantes do
grupo controle e 25 do grupo experimental), sendo o desenho do labirinto do
Grupo 2 oposto ao do grupo 1, em todas as fases do experimento (Figura 1). A
utilizacao de labirintos opostos foi necessaria para verificar se a sequéncia de
movimentos do percurso do labirinto ndo influenciaria no desempenho.
Stoddard and Vaid (1996) também realizaram pesquisas com labirinto e
propuseram diferentes mudancas no desenho da tarefa para verificar se o
padrdo do desenho ndo seria o fator responsavel pela melhora do
desempenho.

Para manter as caracteristicas da amostragem aleatéria, onde cada
participante tem a mesma probabilidade de participar dos grupos, foi utilizada
amostragem probabilista aleatéria simples (Pires et al., 2006), randomizada por

sorteio com papel.

20



108

PARTICIPANTES
=

FALTA DE
COMPREENSAO

FALTA INTERESSE
PRESENCA DE AUTISMO

8 EXCLUIDOS - 5

[

100
PARTICIPANTES

J

50
50

GRUPO
EXPERIMENTAL

] 1
I 25 GRUPO 1 \I 25 GRUPO 2 \ I 25 GRUPO 1 \ l 25 GRUPO 2 \

GRUPO CONTROLE

Figura 1 - Fluxograma da casuistica do estudo

2.4- PROCEDIMENTOS

As pessoas foram posicionadas confortavelmente em uma cadeira
ajustada de acordo com o tamanho e necessidade, assim como 0 apoio para
0s pés, de tal forma que ficasse posicionado adequadamente para viabilizar a
execucao da tarefa.

Antes de iniciar a tarefa, foi explicado verbalmente o funcionamento do
jogo, juntamente com uma demonstracao feita pelo examinador. O examinador
informou que o objetivo do jogo era levar a bola até o final do labirinto, no
menor tempo possivel, por meio de movimentos para cima para baixo e para 0s

lados (supinacdo e pronacdo do antebraco, flexdo e extensdo de punho e
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dedos). Os participantes realizaram todas as tentativas com a méo dominante
(com excecdo da fase de transferéncia intermanual), esta tarefa foi repetida
varias vezes de acordo com o delineamento do experimento. Em cada fase do
experimento (aquisicdo, retencdo e transferéncia) foi anotado o tempo de
execucdo de todo o percurso, desde o inicio do labirinto até o ponto de
chegada (figura 2), sendo que em cada fase este percurso foi realizado por
uma quantidade especifica de repeti¢des.

Para tentar igualar a dificuldade da tarefa, os labirintos foram
customizados com trajetos que necessitam de oito movimentos basicos para
que a bola virtual chegue ao alvo, sendo dois movimentos de pronacdo de
antebraco, dois de supinacéo, dois de flexdo do punho e dois de extensdo. Na

figura 2 é possivel observar os labirintos.

Figura 2 - Delineamento experimental dos labirintos nos Grupos 1 (Aquisicdo e Retencdo Figura A,
Transferéncia com layout diferente Figura B, Transferéncia com mado ndo dominante Figura A,
Transferéncia com inversdo inicio-fim Figura C e Grupos 2 (Aquisicdo e Retengdo Figura C,
Transferéncia com layout diferente Figura B, Transferéncia com mdo ndo dominante Figura C,

Transferéncia com inversdo inicio-fim Figura A).
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No delineamento do protocolo de aprendizagem, o0s participantes
executaram 30 repeticOes da tarefa de labirinto para a fase de aquisicdo com a
mao dominante, cada grupo com o seu respectivo labirinto. Apds estas 30
repeticdes, houve um descanso de 5 minutos, em que o participante néao ficou
em contato com a tarefa. Em seguida, foram realizadas 5 repeticdes na fase de
retencdo, com o mesmo labirinto da aquisicdo. Para a fase de transferéncia, os
participantes realizaram 15 repeticdes divididas em 3 blocos de 5 tentativas
utilizando desenhos de labirintos diferentes:

e Transferéncia A: foi utilizado um labirinto com o trajeto em layout

diferente ao da aquisicao (5 repeticoes),

e Transferéncia B: o mesmo labirinto da aquisicdo, no entanto

realizado com a mao nao-dominante (5 repeticoes),

e Transferéncia C: o mesmo labirinto da aquisicdo com os pontos de

inicio e fim do percurso invertidos (5 repeticdes).

Na Figura 2 ha a descricdo detalhada do delineamento experimental
com figuras dos labirintos.
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3-ANALISE DOS DADOS

Para analise estatistica utilizou-se como variavel dependente o tempo
em segundos para realizar a tarefa. As variaveis dependentes foram
submetidas a ANOVA com fator 2 (grupo: SD, DT) por 2 (Tipo de Labirinto:
Grupo 1, Grupo 2) por 2 (bloco) com medidas repetidas no ultimo fator. Para o
fator bloco as comparacdes foram feitas separadas para aquisicao (primeiro
bloco da aquisicdo Al versus bloco final da aquisicdo A6), retencao (A6 versus
bloco de retencdo R) e transferéncia (R versus bloco de transferéncia T1, R
versus T2 e R versus T3). As comparacdes post-hoc foram realizadas por meio

do teste Tukey-HSD (p <0,05).
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4- RESULTADO
4.1. AQUISICAO

O padrdo do tempo de movimento esta ilustrado na Figura 3. Efeitos
significativos foram encontrados para blocos, F (1, 104) = 70,3, p <0,001, n=
0,40 e grupos, F (1, 104) = 107,6, p <0,001, n® = 0,51. Este resultado sugere
gue ambos os grupos SD e DT diminuiram o tempo de movimento de A1 (M =
11,3s e 8,4s, respectivamente) para A6 (M = 5,4 e 4,0s, respectivamente), além
disso o grupo SD apresentou tempo de movimento muito maior (M = 9,1s) em
relacdo ao grupo DT (M = 4,7s). Nao houve interacbes para blocos, grupos e

tipo de labirinto.

25



Figura 3: Representacdo do desempenho em cada grupo para todas as fases do

estudo (média e erro padrao).
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Figura 3- A1-A6- referente aos blocos da fase de aquisi¢éo; R- bloco de retencgéo; T1-
T3- referente aos blocos de transferéncia; SD- grupo com Sindrome de Down; DT-
grupo com desenvolvimento tipico.

4.2 RETENCAO

N&o houve efeitos ou interacdes para blocos no teste de retengao, o que
indica que o desempenho alcancado na fase de aquisicdo foi mantido apés
algum tempo sem contato com a tarefa. No entanto, um efeito principal para
grupos F (1, 104) = 104,4, p <0,001, n? = 0,50 foi encontrado. Este resultado
mostra que, no grupo SD o tempo de movimento foi maior (M = 8,3s) do que no

grupo DT (M = 4,0s).
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4.3 TRANSFERENCIA COM LABIRINTO DIFERENTE

N&o houve efeitos ou interacdes para blocos, mas um efeito significativo
para grupos se manteve presente, F (1, 104) = 101,4, p <0,001, n? = 0,49, no
qual o grupo SD apresentou tempo de movimento maior (M = 8,5s) em

comparacao com o grupo DT (M = 4,1s).

4.4 TRANSFERENCIA COM MAO NAO DOMINANTE

N&o houve efeitos ou interacbes para blocos. No entanto, um efeito
principal para o grupo F (1, 104) = 103,7, p <.001, n2 = 0,50 permaneceu
presente. Este resultado mostra que, no grupo SD o tempo de movimento se

manteve maior (M = 8,6s) do que no grupo DT (M = 4,1s).

4.5. TRANSFERENCIA COM INVERSAO INICIO-FIM

Efeitos significativos foram encontrados para o blocos, F (1, 104) = 18,9,
p <0,001, n?= 0,15 e grupos, F (1, 104) = 106,4, p <0,001, n’= 0,51. Estes
resultados sugerem que 0s participantes aumentaram o tempo de movimento
do bloco R (M =6,1s) para T (M = 6,6s), além disso o grupo SD teve um tempo
de movimento muito maior (M = 9,2s) do que grupo DT (M = 4,2s). Ainda, foram
encontradas interacdes entre blocos e grupo, F (1, 104) = 11,0, p = 0,001, n? =
0,10, bloco e tipo labirinto, F (1, 104) = 9,1, p = 0,003, n® = 0,08 e bloco, grupo
e tipo labirinto, F (1, 104) = 9,1, p = 0,032, n? = 0,04. O teste post hoc mostrou

que, para o grupo SD, apenas no labirinto 1, houve um aumento significativo do
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bloco R (M = 7,6s) para o bloco T (M = 11,2s), para o labirinto 2 esta diferenca
nao foi significativa (M = 8,7s e 9,4s, respectivamente), assim como néo foi
significativa para o grupo DT em ambos labirintos 1 (M = 3,9s e 4/4s,

respectivamente) e 2 (M = 4,1s e 4,2s, respectivamente).
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5- DISCUSSAO

Esse estudo demonstrou que pessoas com Sindrome de Down (SD) por
meio de uma tarefa de labirinto em telefone movel, conseguiram se adaptar a
tarefa e melhorar o desempenho na fase de aquisicdo e o mantiveram na
retencdo. Os trabalhos de Menezes et al. (2015) e Possebom et al. (2013)
também verificaram que pessoas com SD melhoram o desempenho em tarefa
de labirinto.

Apesar da melhora de desempenho na aquisicdo e retencdo, a
comparacao entre grupos demonstrou que as pessoas com SD tiveram uma
meédia de tempo maior que o grupo controle em todas as fases do protocolo, ou
seja, mesmo com a diminui¢cdo do tempo durante a pratica, o desempenho para
realizar a tarefa foi sempre inferior as pessoas com desenvolvimento tipico.

Mancini et al. (2003) citam que criancas com SD apresentam diferencas
no desempenho motor ja nos primeiros meses de vida quando comparados
com criancas que tiveram o desenvolvimento tipico, verificaram que podem
apresentar oS mesmos marcos motores porém com atraso cronolégico,
atingindo a maturacao apenas em idades mais avancadas.

Considerando tempo de aceleracdo de movimento, Almeida et al. (2000)
justificaram que pessoas com SD apresentam maior tempo de desaceleracao
para 0S movimentos que exigem acompanhamento de feedback visual.
Charlton et al. (2000) também mostraram que pessoas com SD gastam uma
proporcdo maior de tempo na fase de desaceleracdo do movimento do que a
fase de aceleracdo em comparagcdo com O grupo controle ao executar

movimentos finos o que influencia no desempenho de tarefas motoras.
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Segundo o estudo de Aruin et al. (1996) as pessoas com SD fazem uso
de estratégia adaptativa de co-contragdo dos musculos agonistas e
antagonistas para compensar suas dificuldades e diminuir os graus de
liberdade das articulacbes durante movimentos discretos de cotovelo e punho.
(Gontijo et al., 2008) também afirmam que o uso da co-contracdo parece ser
um mecanismo bastante utilizado na SD para ajustar as propriedades do
sistema musculo-esquelético e atender as demandas de uma nova tarefa.

A base neuropatologica para a disfuncdo motora em SD ainda é
desconhecida, mas a disfuncdo cerebelar, atraso da mielinizacdo, bem como
déficits proprioceptivos sdo sugeridos como possiveis causas (Costa et al.,
1999; Bodensteiner et al., 2003; Rigoldi et al., 2009). Existem evidencias que
as anormalidades do cerebelo sdo frequentemente observadas em associacao
com a sindrome de Down (Shapiro, 2001). Um fator importante € o volume
cerebelar reduzido, ou hipoplasia cerebelar, que acredita-se contribuir para a
perturbacdo de controle motor fino. (Vicari, 2006; Moldrich et al., 2007) e
aprendizagem de habilidades visuomotoras (De Moura Rodrigues et al., 2011).

Provavelmente o cerebelo desempenha um papel-chave na regulacao
do controle motor/proprioceptivo e aprendizagem motora, assim como pode
estar relacionados com as fun¢des cognitivas (Schmahmann, 2004; Tavano et
al., 2007; Guidi et al., 2011). Guidi et al. (2011) citam que as alteracdes do
cerebelo podem levar ao desenvolvimento de um padrdao comportamental que
se caracteriza por reduzida eficiéncia motora, associada com os disturbios
executivos e visuoespaciais, transtornos de linguagem expressiva e distarbios

afetivos.
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Outros fatores que dificultam o desempenho das pessoas com SD
podem estar relacionados a deficiéncia intelectual (Sabbagh and Edgin, 2016)
e fatores sensoriais, que afetam negativamente a aprendizagem e o
funcionamento cognitivo (Maatta et al.,, 2006). Habilidades cognitivas
deficientes, vao influenciar diretamente o processamento de informacoes,
causando alteracdes na atencdo, memdria, aquisicdo na linguagem e outras
habilidades de desenvolvimento (Campbell et al., 2013; Edgin, 2013).

Assim como a aquisicdo e retencdo de uma habilidade motora, a
capacidade de transferir a melhora de desempenho a uma tarefa semelhante,
mas que apresente algum diferencial, é de fundamental importancia para a
efetivacdo da inferéncia de Aprendizagem Motora (Seidler, 2010). A fase de
transferéncia baseia-se em um conceito previamente aprendido para resolver
um problema novo, aparentemente mais complexo e dificil (Norman et al.,
2007).

Com os resultados obtidos, podemos afirmar que as pessoas com
desenvolvimento tipico conseguiram transferir a habilidade independente do
labirinto utilizado na aquisi¢cdo. No entanto, as pessoas com Sindrome de Down
conseguiram transferir a tarefa para a maioria dos labirintos com inverséo de
ma&o e com layout diferente. Porém, a Unica transferéncia que ndo ocorreu foi
no grupo com SD que realizou a aquisicdo com o labirinto “A” e ndo conseguiu
transferir quando realizou a tarefa com o labirinto “C”. Este € um resultado
interessante, pois verifica-se que na SD o tipo de desenho do labirinto
influencia no desempenho da tarefa.

Algumas suposi¢des podem justificar esta dificuldade na transferéncia

de labirinto: o labirinto “C” foi o Unico que apresentou seu inicio pela parte
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inferior do trajeto, sendo que o0s movimentos deveriam ser realizados
direcionando a bola no sentido oposto da gravidade. Este trajeto provavelmente
necessitou de movimentos precisos e diadococinergicos (habilidade para
realizar repeticdes rapidas de padrbes relativamente simples de contracdes
musculares opostas), alterando rapidamente supinacdo/pronacdo e
flexdo/extensdo podendo ser caracterizado como o labirinto mais dificil e
apresentando movimentos que recrutam musculaturas proximais para
completar o movimento de maneira eficaz e com uma velocidade maior. Neste
labirinto também ha maior nimero de movimentos de supinacédo do antebraco
com extenséo de punho, o que também dificulta a realizacdo da tarefa.

Apesar de nao apresentar diferengca estatistica o Labirinto “C” foi o
mesmo praticado pelo grupo 2 na fase de aquisicdo e percebe-se no grafico
uma tendéncia dos valores de desempenho apresentar-se sempre inferiores,
inclusive no grupo com DT.

Outro fator que justifica o aumento de tempo para a realizagdo da
transferéncia neste desenho de labirinto foi a necessidade de desaceleragcéo do
movimento para evitar que a bola bata na parede com muita velocidade, néo
permitindo uma continuidade linear do trajeto. Ou seja, a bola batia e retornava,
necessitando de nova tentativa para realizar a curva.

Assim como, no estudo de Courbois et al. (2013) onde os autores
sugerem que pessoas com SD foram capazes de aprender rotas durante um
trajeto realizado em ambiente virtual, os autores verificaram dificuldade na SD
em obter sucesso para encontrar atalhos existentes entre duas localizagdes.
Estudo similar foi realizado por Purser et al. (2015), que também encontraram

resultados positivos na aprendizagem por meio de labirintos simples em
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pessoas com sindrome de Down, apresentando pior desempenho apenas com
0 aumento de dificuldade da rota.

Desta forma, mesmo utilizando tarefas simples em ambientes virtuais,
pessoas com SD apresentam dificuldade em se adaptar a pequenas mudancas
com aumento da dificuldade, provavelmente novas tecnologias devam ser
desenvolvidas para conseguir respeitar as dificuldades da SD e possibilitar que
ambientes computacionais consigam possibilitar adaptacdo para compensar as
dificuldades de pessoas com SD. Ou seja, a tecnologia deve propiciar melhoras
funcionais, adaptando o ambiente as necessidades da pessoa.

Mckenzie et al. (2014) afirmam que os dispositivos méveis (tais como
smartphones) sdo instrumentos capazes de detectar e responder ao ambiente
fisico utilizando uma variedade de sensores embutidos (por exemplo, Wi-Fi,
sistema de posicionamento global [GPS], microfone, camera) e interfaces
(visual, udio, e tateis), permitindo assim a utilizacdo da tecnologia para auxiliar
e compensar dificuldades, ndo somente em ambientes clinicos, mas também
promovendo a independéncia e auxiliando na insercdo de pessoas com
Sindrome de Down em ambientes sociais e de mercado de trabalho.

Para as pessoas com SD as dificuldades para utilizacdo de
computadores vao além do acesso as maquinas e a rede, pois eles
apresentam diferentes tipos de dificuldades para as quais 0s softwares e
hardwares, de forma geral, ndo estdo preparados. O desafio passa entdo ao
desenvolvimento de novas ferramentas que permitam a apropriacdo dos
conceitos e habilidades inerentes a informatica (Silva et al., 2013). Os avangos
continuos na tecnologia com o uso de RV, juntamente com reducdo de custos

devem apoiar o desenvolvimento de sistemas com maior acessibilidade e
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utiidade que destine exclusivamente a alteracbes nos dominios fisico e
cognitivo (Rizzo et al., 2004).

Apesar deste trabalho utilizar uma tarefa simples no telefone moével a
verificacdo da melhora de desempenho na maioria das tarefas analisadas,
sugere gue este dispositivo demonstra ser um potencial instrumento facilitador.
Ou seja, é fundamental a continuidade de pesquisas que identifiguem os
beneficios do uso do celular como dispositivos, ndo somente para
comunicacdo, mas também que permita uma maior funcionalidade e uma
melhora da participacdo nas atividades da vida diaria por meio de protocolos e

tarefas adaptados as necessidades das pessoas com SD.
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6-CONCLUSAO

Podemos concluir que pessoas com sindrome de Down conseguiram se
adaptar a maioria das tarefas de labirinto por meio de um telefone movel. Esta
adaptacdo sugere que o telefone mével € um potencial instrumento para
viabilizar melhor desempenho motor. No entanto, € importante enfatizar que as
pessoas com SD apresentaram desempenho sempre inferior as pessoas com
desenvolvimento tipico e demonstraram dificuldade em manter o tempo de
movimento com o aumento do grau de dificuldade da tarefa, o que sugere que
novas tecnologias devem ser adaptaveis as dificuldades de pessoas com SD,

permitindo assim maior funcionalidade.
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ANEXO 1: — Aprovacéo do Comité de Etica em Pesquisa — Faculdade de
Medicina da Universidade de Sao Paulo

MEDICINA
rsp

COMITE DE ETICA EM PESQUISA
APROVACAO

O Comité de Etica em Pesquisa da Faculdade de Medicina da
Universidade de Sdo Paulo, em sessdo de 06/05/2015, APROVOU o Protocolo de
Pesquisa n° 341/14 intitulado: “APRENDIZAGEM MOTORA NA SINDROME
DE DOWN POR MEIO DE JOGO DE LABIRINTO EM TELEFONE
MOVEL ”  apresentado pelo Departamento de FISIOTERAPIA,
FONOAUDIOLOGIA E TERAPIAOCUPACIONAL

Cabe ao pesquisador elaborar e apresentar ao CEP- FMUSP, os
relatérios parciais e final sobre a pesquisa (Resolu¢cdo do Conselho Nacional de
Saude n° 466/12, inciso 1X.2, letra"c").

Pesquisador (a) Responsavel: Prof. Dr. Carlos Bandeira de Mello Monteiro

Pesquisador (a) Executante: Lilian Del Ciello de Menezes
CEP-FMUSP, 11 de Maio de 2015.

/LCOMMM »

Prof. Dr. Roger Chammas

Coordenador
Comité de Etica em Pesquisa

Comité de Etica em Pesquisa da Faculdade de

Medicina e-mail: cep.fm@usp.br

42


mailto:cep.fm@usp.br

ANEXO 2: Aprovacdo do Comité de Etica em Pesquisa para Alteracdo do
Titulo do Projeto — Faculdade de Medicina da Universidade de Sao Paulo

FACULDADE DE MEDICINA DA
UNIVERSIDADE DE SAO {Wm
PAULO - FMUSP

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Aprendizagem motora na sindrome de Down por meio de jogo de labirinto em telefone
movel

Pesquisador: Carlos Bandeira de Mello Monteiro

Area Temdtica:

Versio: 3

CAAE: 36241614.7.0000.0065

Instituigdo Proponente: Escola de Artes, Ciéncias e Humanidades - EACHUSP

Patrocinador Principal: MINISTERIO DA EDUC AC 2D

DADOS DAHN OTIFICA(}.S.O

Tipo de Hotificagdo: Outros

Detalhe: Alteragéo de Titulo do Projeto

Justificativa: Apos discussdo produtiva com a banca do exam e de qualificagéo definimos gque para
Data do Envio: 14052016

Situagdo da Hotificagdo: Parecer Consubstanciado Emitido
DADOS DO PARECER

Hamero do Parecer: 1.550.924

Apresentagdo da Hotificagdo:
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PAULO - FMUSP
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Comentarios e Consideragoes sobre a Hotificagdo:
MNada a declarar.

Considerag 6es sobre os Termos de apresentagdo obrigatoria:
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Recomendagdes:
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11:01:58 [Menezes
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Assinado por:
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ANEXO 3: Termo de Consentimento Livre e Esclarecido
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1. TITULO DO PROTOCOLO DE PESQUISA: VERIFICA(;AO DA ANALISE DE
DESEMPENHO NA SINDROME DE DOWN POR MEIO DE JOGO DE
LABIRINTO EM TELEFONE MOVEL
PESQUISADOR : Prof. Dr. Carlos Bandeira de Mello Monteiro.

CARGO/FUNCAO: Fisioterapeuta
INSCRI(;AO CONSELHO REGIONAL N° 16531-F

UNIDADE DO HCFMUSP: Departamento de fonoaudiologia, fisioterapia e
terapia ocupacional

3. AVALIACAO DO RISCO DA PESQUISA:
RISCO MINIMO  (X) RISCO MEDIO ()
RISCO BAIXO () RISCO MAIOR ()

4. DURACAO DA PESQUISA : 24 meses

FACULDADE DE MEDICINA DA UNIVERSIDADE DE SAO PAULO

1- O objetivo deste estudo é verificar a aprendizagem motora em pessoas com
Sindrome de Down por meio de uma tarefa de labirinto virtual em telefone

movel.

2 — Sera utilizado o jogo de labirinto Marble Maze Classic®, no qual os
participantes devem mover o telefone moével de forma a conduzir uma bola
virtual, no menor tempo possivel através de movimentos de pronacao,
supinacao do punho e flexdo e extensdo dos dedos. O proéprio telefone mével

mostra o escore de tempo realizado pelo individuo ap6s cada tentativa.

3 — Os individuos serdo posicionados de forma confortavel em uma cadeira,
orientados a realizar a tarefa com a médo dominante. Apos receber orientacdes
verbais e visuais de como realizar corretamente 0 jogo pelo terapeuta, serao
estimulados a executar a tarefa no menor tempo possivel. A aprendizagem

motora sera avaliada considerando os resultados nas fases de aquisicao,
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retengcdo e transferéncia e os dados serdao analisados por blocos de 5

tentativas.

4- Riscos: a coleta de dados ndo deve provocar nenhum risco para 0O
voluntario, porém pode provocar desconfortos devido ao tempo que o paciente

ficard em contato com a tarefa e estimulado a realiza-la de forma mais rapida.

5- Nao ha beneficio direto para o participante, pois trata-se de estudo que visa
analisar a aprendizagem motora durante a realizacdo de tarefa virtual em

apenas uma situacao.

6 — Nao ha procedimentos alternativos que possam ser vantajosos, pelos quais

0 paciente pode optar.

7 — Garantia de acesso: em qualquer etapa do estudo, vocé ter4 acesso aos
profissionais responsaveis pela pesquisa para esclarecimento de eventuais
davidas. O principal investigador € o Prof. Dr. Carlos Bandeira de Mello
Monteiro, que pode ser encontrado no endereco Av. Arlindo Bettio n® 1000,
Ermelino Matarazzo, CEP 03828-000, Sao Paulo, Telefone: (11) 99953-0716.
Se vocé tiver alguma consideracdo ou duavida sobre a ética da pesquisa, entre
em contato com o Comité de Etica em Pesquisa (CEP) —Av. Dr. Arnaldo, 455 —
Instituto Oscar Freire — 2° andar— tel: 3061-8004, FAX: 3061-8004— E-mail:
cep.fm@usp.br

8 — E garantida a liberdade da retirada de consentimento a qualquer momento
e deixar de participar do estudo, sem qualquer prejuizo a continuidade de seu

tratamento na Instituicao;

09 — Direito de confidencialidade — As informacdes obtidas serdo analisadas
em conjunto com outros pacientes, ndo sendo divulgado a identificacdo de

nenhum paciente;
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10 — Direito de ser mantido atualizado sobre os resultados parciais das
pesquisas, quando em estudos abertos, ou de resultados que sejam do

conhecimento dos pesquisadores;

11 - Despesas e compensacdes: ndo h& despesas pessoais para 0
participante em qualquer fase do estudo, incluindo exames e consultas.
Também ndo ha compensacédo financeira relacionada a sua participacdo. Se
existir qualquer despesa adicional, ela serd4 absorvida pelo orcamento da

pesquisa.

12 - Compromisso do pesquisador de utilizar os dados e o material coletado

somente para esta pesquisa.

Acredito ter sido suficientemente informado a respeito das informacdes que li
ou que foram lidas para mim, descrevendo o estudo” VERIFICACAO DA
ANALISE DE DESEMPENHO NA SINDROME DE DOWN POR MEIO DE
JOGO DE LABIRINTO EM TELEFONE MOVEL”

Eu discuti com o Prof. Dr. Carlos Bandeira de Mello Monteiro sobre a minha
decisdo em participar nesse estudo. Ficaram claros para mim quais sdo 0s
propésitos do estudo, os procedimentos a serem realizados, seus desconfortos
e riscos, as garantias de confidencialidade e de esclarecimentos permanentes.
Ficou claro também que minha participacéo € isenta de despesas e que tenho
garantia do acesso a tratamento ambulatorial quando necessério. Concordo
voluntariamente em participar deste estudo e poderei retirar 0o meu
consentimento a qualquer momento, antes ou durante 0 mesmo, sem
penalidades ou prejuizo ou perda de qualquer beneficio que eu possa ter

adquirido, ou no meu atendimento neste Servico.
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Assinatura do
paciente/representante legal

Data / /

Assinatura da testemunha

Data / /

para casos de pacientes menores de 18 anos, analfabetos, semi-analfabetos

ou portadores de deficiéncia auditiva ou visual.

(Somente para o responsavel do projeto)

Declaro que obtive de forma apropriada e voluntaria o Consentimento Livre e
Esclarecido deste paciente ou representante legal para a participacdo neste

estudo.

Assinatura do responsavel pelo estudo

Data / /
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ANEXO 4 : Publicacdo do Projeto Piloto com o titulo: Motor learning in mobile
(cell phone) device in Down syndrome patients - pilot project, na revista Medical
Express (2015)

50



& ORIGINAL RESEARCH

MedicalExpress

Motor learning in mobile (cell phone) device in Down
syndrome patients - pilot project

Lilian Del Ciello de Menezes', Karen da Silva Cortez Gomes", Thais Massetti', Talita Dias da Silva", Weliton Folli
Possebom", Camila Miliani Capelini', Carlos Bandeira de Mello Monteiro"

"University of Sdo Paulo, Faculty of Medicine, Post-graduate Program in Rehabilitation Sciences, Sao Paulo, Brazil
"University of Sdo Paulo, School of Arts, Sciences and Humanities, Sdo Paulo, Brazil

' Federal University of Sdo Paulo, Paulista School of Medicine, Post-graduate Program in Cardiology, Sdo Paulo, Brazil
VFaculty of Medicine of ABC, Department of Scientific Writing, Sdo Paulo, Brazil

4 )

OBJECTIVE: The objective of this study was to verify if individuals with Down syndrome have improved performance
in completing a virtual maze task using a mobile phone.

METHOD: For this task, 30 teenagers and young adults were evaluated, 15 Down syndrome patients and 15 typically
developed controls. The execution of the task was to play a maze on a mobile phone. The subjects performed 30
repetitions of the maze game in the acquisition phase, five repetitions for retention and five for transfer phase. A
repeated measures ANOVA was used to compare blocks (first and last - A1 - A6 acquisition blocks, retention A6 - R
and transfer A6 - T) and Groups (Down syndrome and typical development).

RESULTS: The results showed that both groups had significant improvement over time in the acquisition phase,
the retention and transfer tests showed that there was performance consolidation for both groups, but with longer
movement time in the Down syndrome group.

CONCLUSION: Comparing the two groups, individuals with Down syndrome required more time to run the maze
in all phases of the task.

KEYWORDS: Down syndrome; Motor learning; Virtual reality.

Menezes LC, Gomes KSC, Massetti T, Silva TD, Possebom WF, Capelini CM, Monteiro CBM. Motor learning in mobile (cell phone) device in Down
syndrome patients - pilot project. MEDICALEXPRESS. 2015;2(4):M150405.

Received for Publication on May 25, 2015; First review on June 03, 2015; Accepted for publication on July 10, 2015

E-mail: liliandelciello@usp.br

g J
H INTRODUCTION children with typical development in all areas related to
global and fine motor skills, and this difference can be
Down syndrome (DS) is caused by trisomy of magnified as time progresses.
human chromosome 21 (Hsa21)! and results in a large Later, the changes in motor development observed
number of phenotypes. Wuang et al.2 note that individuals in individuals with DS are considered the most frequent
with DS exhibit delays in motor milestone attainment, cause of learning difficulties.! Considering the importance
sensorimotor performance deficit, and significant of learning motor functions for people with DS,> Gimenez
limitations in both intellectual functioning and adaptive etal.f investigated whether the acquisition of motor skills
behaviour. and the synchronisation time on different tasks differs in
According to Rodenbush et al.? the biomechanical individuals with DS compared to typical development.
alterations characteristic of individuals with DS such Possebom et al.” investigated learning through a maze
as hypermobility, hypotonia, and ligament laxity task performed on a computer by individuals with DS and
are responsible for the delayed acquisition of motor found an improvement in performance and acquisition
develoment milestones. Mancini et al.* claim that children task of adapting the phases of retention and transfer.
with DS have development levels significantly below Motor learning is characterized by intrinsic

changes that determine the ability of an individual to
perform certain tasks, leading to improved performance
DOI: 10.5935/MedicalExpress.2015.04.05 from practice.®” These changes take place with a view

Copyright © 2015 MEDICALEXPRESS. This is an open access article distributed under the terms of the creative commons attribution
Non-Commercial License (creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non commercial use, distribution
and reproduction in any medium, provided the original work is properly cited.
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to objectifying the given task, arising from the experience
and practice, resulting in the acquisition, retention, and
transfer of motor skills.”!® Although there are studies on DS
in the area of motor learning,’'"3 it seems worthwhile to
develop research thatincorporates advances in technology
that enable tasks not only in real, but also in virtual
environments. Virtual reality (VR) is a new technology that
allows users to interact with a scene in three dimensions
generated by a computer during a certain task execution,
allowing and providing increased visual, sensory, and
auditory feedback.'

In addition to computers, televisions, projectors
and wireless devices, new technologies such as smart
cellphones, may offer diverse opportunities for learning
through motor tasks. Mobile devices enable control over
movement and mobile use in terms of time and place, as well
as in terms of communication with others, and interaction
with virtual objects.

Therefore, the objective of this study was to verify
if individuals with DS are capable of acquiring improved
performance in the execution of a virtual maze task using
a mobile phone. As a working hypothesis for this project,
people with DS may adapt to the maze task with cellphones
and thus display performance improvement with practice.

Il MATERIALS AND METHOD

A total of 30 adolescents and young adults
participated in this study: 15 patients with a diagnosis
of Down syndrome (DS-group), seven male, eight female,
aged 22.2 + 7.2 (min: 10/max: 34) years old. The control
group consisted of 15 typically developed (TD-group)
volunteers, matched by age (22.2 + 7.2 years old) and
gender (seven male, eight female) with DS- group. This
study was approved by the ethics committee on research
the ABC medical school under case number CAEE:
39122214.6.0000.0082.

All participants evaluated were able to perform
the grip movement to hold the mobile phone with one or
both hands. Individuals with comorbidities and functional
disabilities that would impede the completion of the task
were excluded.

Instrument

For data collection, we used a mobile phone set
(smartphone brand Nokia®) and a game called Marble
Maze Classic®, in which the person must drive a virtual ball
through a predetermined path in a maze with the goal of
reaching a final target in the shortest time possible.

Simulating a wooden table with walls that enclose
the path of the labyrinth, the virtual ball makes its way by
means of movements made by the hand holding the mobile
phone, as shown in Figure 1. As the phone is tilted, the
virtual ball rolls along the slope.

Motor learning in Down syndrome
Menezes LDC

For this study, a maze was customized with a unique
path; thus the route to be followed by the ball was the same
in all trials. The time taken to move the virtual ball through
the maze path to the final stop was timed by the game.

Procedures

The participants were positioned comfortably in
a chair adjusted according to size and needs along with a
footrest so that they were positioned properly to enable
task execution.

Before starting the task, the operation of the game
was verbally explained and a demonstration was offered
by the examiner. Runtime was noted in each experimental
stage, as explained below: acquisition (A), retention (R),
and transfer (T). The customized game used in this study
consisted of a maze with a path that required eight basic
movements for the virtual ball to reach the end of the
labyrinth.

According to the protocol, the acquisition phase
consisted of 30 repetitions of the maze task, divided into 6
blocks of five repeats each (A1 to A6). A five-minute interval
of rest followed, during which participants were not in
touch with the task. The retention phase (R) followed, in
which five replicates of the same maze acquisition were
performed. Immediately after the retention, the transfer
(T) test was applied, whereupon five repetitions were
performed with a new maze configuration, with a totally
opposite path (inverted vertically and horizontally) to
the acquisition and retention phases. The time taken to
complete the task was noted for the 30 repeats of the
acquisition phase, for the five repeats of the retention and
five of the transfer test.

Data analysis

After collection, the data were analysed by means
of blocks of five attempts for each phase of the study
(acquisition A1-A6, retention R, and transfer T). The
dependent variables were submitted to a 2 (group: DS
vs. TD) by 2 (blocks) 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 (A6 versus transfer block T). All
results are presented as means (M). Post-hoc comparisons
were carried out using Tukey-HSD (Honest Significant
Differences) test (p < 0.05).

Bl RESULTS

Acquisition

Table 1 summarizes all statistical data relating to
the analysis of the results. A significant improvement in
movement time from A1 to A6 was observed for both groups,
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as shown in Figure 1. For DS-group movement time fell from
9912 ms to 7539 ms, whereas for TD-group the fall was from
5433 ms to 3894 ms. Both reductions were significant (mean
of both groups fell from 7672 ms to 5716 ms). The intergroup
difference was significant, showing that DS-group performed
more slowly (M = 8725 ms) than TD-group (M = 4664 ms).
These results are displayed in Figure 2.

Retention

The comparison between A6 and the retention in
phase R showed a significant effect for blocks, groups and
interaction between blocks and groups (Table 1). The post
hoc test showed that for the DS-group, the movement time
in R (M = 6782 ms) was better than in A6 (M = 7539 ms);
for the TD-group this improvement was not significant
(M = 3927 ms to A6 = 3894 ms, respectively). This result
indicates that the learning in both groups had consolidated.
Also, as expected, the movement time of the DS-group was
greater (M = 7160 ms) than the TD-group (M = 3911 ms).
These data are displayed in Figure 2.

Transfer

In the comparison between A6 and transfer block T, there
were no significant effects or interactions for blocks, suggesting
thatlearning was consolidated in the groups. However; an effect
remained present between groups (Table 1), in which the
DS-group had a larger movement time (M = 8275 ms) when
compared to TD-group (M = 4172 ms) as shown in Figure 2.

B DISCUSSION

This study aimed to determine whether individuals
with Down syndrome are capable of developing improved
performance in the execution of a virtual maze task using
a mobile phone.

MEDICALEXPRESS 2015 August;2(4):M150405

The results confirm the initial hypothesis: in the
acquisition phase Down syndrome individuals and normal
controls showed significant improvement in the time
between the initial performance (block A1) and end (A6
block). Initially, the participants had inconsistent movements,
but performance time decreased with practice over the later
attempts, characterizing an improvement in performance
through practice in the maze task. However, an effect
remained present between groups in which the DS-group
had a larger movement time when compared to TD-group.

The comparison between the groups showed that
the Down syndrome individuals had greater difficulty
in carrying out the task as evidenced by the longer time
required for execution. These data confirm the results of
Palisano et al.,’> which indicated that individuals with the
syndrome need more time to learn certain movements as
they increase in complexity when compared to individuals
with normal development.

Another relevant factor in the assessment of motor
learning is the data found in the retention phase, where the
performance was retested after a period without contact
with the task. The results showed a significant reduction
of time effect between the respective starting blocks
of acquisition and the retention block, especially in the
group with DS. This means that both groups had improved
performance in retention phase. The result of this was that
successful practice leads to better representation of skill,
resulting in greater retention of the same.®

In addition to the improved performance in the
acquisition and retention phases, it is important to note that
participants maintained the reduction of time during the
transfer phase of the task. It may be stated that regardless
of the difficulty encountered in the maze task in the cell
phone, participants were able to maintain performance
allowing an adaptation from a stabilisation phase, featuring
the motor learning.

Table 1 - Statistical data of the results from acquisition, retention and transfer phases.

Main effect: Main effect: Interaction:

Index Block Group Block x Group

(df) F-ratio p-value n? (df) F-ratio p-value n? (df) F-ratio p-value n?
Acquisition
(Block A1 (1,26) 13.1 0.001 0.34 (1,26) 31.2 < 0.001 0.55 - - -
with A6)
Retention
(Block A6 (1,26) 5.9 0.022 0.19 (126) 38.9 < 0.001 0.60 (1,26) 7.04 0.013 0.21
with R)
Transfer
(Block A6 - - - (1,26) 33.2 < 0.001 0.56 - - -
with T)
Transfer
(Block A1 - - - (1,26) 29.7 <0.001 0.53 - - -
with T)

df: degrees of freedom; A1: first block of acquisition.
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RETENTION TRANSFER
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Figure 1-Experimental design of the mazes in the acquisition, retention, and transfer phases.
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Figure 2 - Duration of movements to complete the maze task by blocks for the
Experimental and Control groups.

In the comparison between the groups, individuals
with DS took more time for task execution in all phases
of the task when compared to the TD-group. Possebom
et al.” evaluated individuals with DS in maze task in the
computer, and also found that both people with Down
syndrome and normally developed individuals were
able to satisfactorily cope with the phases of acquisition,
retention, and transfer, but in all stages, persons with DS
had significantly lower results when compared to TD-
group; they claim that these data become relevant from
the interventional point of view on these subjects, either
in rehabilitation or in physical activity. The motor deficit
in individuals with DS is not necessarily a consequence of
changes in their genetic material, because they have great
potential for improvement in their motor performance,*?
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but some factors may directly influence performance in
motor learning people with DS.

Meegan et al.'” compared motor learning in
individuals with DS with different feedbacks, and
demonstrated a level lower efficiency and increased
numbers of errors during performance when compared
with participants in the visual-motor performance
group.

Considering the knowledge-of-result that
participants had at the end of each trial, Salmoni et al.'®
showed that this knowledge-of-result imparted at the right
time positively influenced the outcome of the task.

Similar results were found by Chiviacowsky et al.*
They compared different frequency results of knowledge
and found no significant differences in relation to a throwing
task with the dominant hand performed by individuals
with DS, concluding that high or low knowledge-of-result
frequencies can be effective for learning motor skills in
adults with DS.

The use of Virtual Reality games can emphasize an
improvement in the participation of the individual and
encourage 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 individuals
in their own recovery.?°

Continuous advances in VR technology along
with cost savings have supported the development of
systems with greater accessibility and usefulness aimed
exclusively at changes in the physical, psychological and
cognitive domains.?! There are different possibilities
of using the knowledge of VR in persons with DS, as in
computer games, video games, and tablets; however,
the use of a mobile phone as interactive technology is
a viable option and a low-cost technology accessible
to many.

We believe that other studies with a larger number
of participants, checking the influence of the inversion of
the drawings and the maze, will be important in future
studies.

Il CONCLUSION

We conclude that the process of motor learning in
individuals with DS through the maze task in mobile phone
showed improved performance, as evidenced by a reduced
time in the retention phase and maintenance in the transfer
phase, confirming the occurrence of motor learning.
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APRENDIZADO MOTOR PARA PORTADORES DE
SINDROME DE DOWN USANDO UM TELEFONE
CELULAR - PROJETO PILOTO

OBJETIVO: O objetivo deste estudo foi verificar
se os individuos com sindrome de Down melhoram o
desempenho em uma tarefa de labirinto virtual usando
um telefone celular.

METODO: Para esta tarefa, foram avaliados 30
adolescentes e adultos jovens, onde 15 eram parte do grupo
experimental e 15 do grupo controle.

RESULTADOS: Os resultados mostraram que ambos
os grupos apresentavam uma melhoria significativa ao
longo do tempo nas fases de aquisi¢do e de retengdo.
Na fase de transferéncia, eles foram capazes de manter
o desempenho, permitindo uma adaptacdo da fase de
estabilizacdo, que caracteriza a aprendizagem de motora.

CONCLUSAO: Comparando os dois grupos, os
individuos com SD tem necessidade de um tempo maior
para completar o labirinto em todas as fases da tarefa.

PALAVRAS-CHAVE: sindrome de Down, aprendiza-
gem motora, realidade virtual.
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Abstract

Down syndrome (DS) is caused by trisomy of human chromosome 21
(Hsa21) and results in a large number of phenotypes including lear-
ning difficulties, cardiac defects and distinguishing facial features. The
purpose of this study was to analyse research findings about “motor
learning” and “virtual reality” in patients with DS. Relevant studies
were identified by searching PubMed, Web of Science and BVS (virtual
library in health). Using key words, we searched for articles that inclu-
ded Down syndrome, virtual reality, and motor learning. Only studies
on humans were eligible. The search identified seven relevant papers.
Most studies showed that individuals with Down syndrome are able
to learn new tasks, and that improvements can be enhanced via the
use of virtual reality. We conclude that individuals with Down syndro-
me respond positively and effectively, with improvements in sensory
motor control, when stimulated with tasks that are complementary to
conventional therapy, including therapy involving virtual reality.

Keywords
Down Syndrome, Virtual Reality, Motor Learning.

Introduction

Down syndrome (DS) is caused by trisomy of human chromosome 21
(Hsa21) and results in a large number of phenotypes including learning
difficulties, cardiac defects and distinguishing facial features [1]. The
syndrome is associated with approximately 1/800 live births and is one
of the leading causes of intellectual disabilities [2].
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In general, the movements of individuals with
Down syndrome can be described as "clumsy,"
the characteristics of which are slowness and
low efficacy [3]. Palasiano et al. [4] reported that
gross motor function improves in children with
Down syndrome as they grow, and that they re-
quire more time to learn movements as move-
ment complexity increases. Lott and Dierssen [5]
reported that all individuals with DS exhibit some
form of learning and memory impairment, which
varies in severity.

Considering that skilled movements are funda-
mental to human experience, an analysis of how
motor learning (ML) can be optimized in people
with DS does not have only theoretical interest, but
also important practical implications for the lives of
these people [6]. According to Maas et al. [7], mo-
tor learning refers to a set of processes associated
with practice and experience leading to relatively
permanent changes in performance, arising from
systematic practice and feedback.

There are some authors studying the motor lear-
ning area in DS like, Chiviacowsky et al. [6, 8] that
showed the effect of knowledge of frequencies
on motor learning in adults with DS; Bussy et al.
[9] compared the perceptual learning of individuals
with Fragile X and DS; Possebom et al. [10] studied
motor learning in this population with the help of a
maze task on the computer, and Ringenbarch et al.
[11] attempted to understand how people with DS
perform the different tasks of continuous drumming
and unimanual drumming. This is a new approach
and has been many used, and this seems to be very
interesting considering the advances in technology
and also being an instrument that can make feasible
tasks in computing environments. With the advan-
cement of technology, and its various possibilities,
the use of virtual reality is becoming more wides-
pread in several areas, and showing considerable
growth in the area of motor learning.

Traditional therapies for movement difficulties in
children with disabilities are repetitive and offer
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very little to keep a young person interested [12].
Virtual reality (VR) provides a unique medium sui-
ted to the achievement of effective rehabilitation
intervention. Specifically, therapy can be provided
within a functional, purposeful and motivating
context [13]. The ability to change the virtual en-
vironment relatively easily, to grade task difficulty
and to adapt it according to the patient’s capabi-
lities are important advantages of VR, since these
features are essential to cognitive and motor re-
mediation [14].

Cognitive and motor difficulties in DS have been
reviewed by several authors. Adamovich et al. [12]
reviewed the documented adverse events occurring
following participation in physical activity among
individuals with psychological or cognitive con-
ditions. Relevant studies were identified through
electronic database searching. Populations with
dementia, psychological disorders, or intellectual
disability do not report considerable or consequen-
tial adverse events following physical activity inde-
pendent of associated comorbidities. The one ex-
ception to these findings may be Down syndrome
populations with atlantoaxial instability. However,
their review highlighted the relative paucity of the
reported presence or absence of adverse events,
and found that many studies are at high risk of
bias toward reporting naturally occurring adverse
events.

Damiano and Dejong [15] reviewed the effec
tiveness of treadmill training and body weight
support in paediatric rehabilitation. A systematic
review was undertaken to explore the strength,
quality, and conclusiveness of evidence supporting
use of treadmill training and body weight support
in those with paediatric motor disabilities, inclu-
ding DS. They found that the efficacy of treadmill
training in accelerating walking development in DS
has been well documented. However, further ran-
domized studies, studies with treadmill training-
only groups, and dosage studies are needed be-
fore practice guidelines can be formulated. Neural
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changes in response to training warrant explora-
tion, especially given the capacity for change in
developing nervous systems.

Besides these research review about DS, virtual
reality technology may be an optimal tool for de-
signing therapies that target neuroplastic mecha-
nisms in the nervous system, may manipulate the
specificity and frequency of visual and auditory
feedback, and provide adaptive learning algorithms
and graded rehabilitation activities that can be ob-
jectively and systematically manipulated to create
individualized motor learning paradigms [12]. While
virtual reality (VR) is a recently emerging form of re-
habilitation therapy, this novel treatment approach
has exciting implications for neurocognitive rehabili-
tation but little has been done to review the studies
applying VR to the rehabilitation of children [16] and
motor learning.

The purpose of this study was to analyse research
findings about “virtual reality” in persons with
“Down syndrome” and the instruments used to
verify “motor learning” in persons with “Down syn-
drome”. Specifically, we wanted to determine which
methods are being used to infer motor learning in
this population, and when using virtual reality, what
are the main outcomes.

2015
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Method

A literature search was Performed using PubMed,
Web of Science and BVS (virtual library in health).
Using keywords, searched for articles included the
terms Down syndrome, virtual reality, and learning
engine. The Review of work included only Conduc
ted from 1994 to 2014 and human species

To select the articles three steps were used. The
first step involved searching for articles in the data-
bases, reading the titles and abstracts; the second
step involved the exclusion of works by title or abs-
tract, and exclusion by our inclusion criteria; the
third and final step involved analyzing the eligible
studies.

~

/Figure 1: Database search.

Search for
St I
databases Exclusion Exclusion

Analysis
- Beeding_) °§ﬂ?{|§5 of work of eligible
: and certain studies
[ Readng | abstract criteria
| Abstracts
Step 1 Step 2 Step 3
. /

In the same way as Snider, Majnemer and Darsa-
klis [17], we used a search strategy based on PICOs
the PICOs it can be defined by P: Patient; I interven-
tion, C: comparison; O: Outcomes; S: studys, used
to locate and compare different studies.

N

- . N
Figure 2: Representation of the search strategy — PICOs — DS + ML and DS +VR.
Population: Children with Down Syndrome Population: Children with Down Syndrome
Intervention: Virtual games/virtual reality Intervention: reahabilitation
8 Comparator (control): Comparator (control): neuromotor interventions
= neuromotor interventions without using VR
Outcome: many results Outcome: results of motor learning
Study design(s): clinical trials, case-control, Study design(s): clinical trials, case-control,
cross-sectional, case reports, case series cross-sectional, case reports, case series.
%
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To increase confidence in the selection of arti-
cles, all potentially relevant articles were reviewed
independently by two researchers, who after rea-
ding through all of them, reached a consensus to
establish which articles fulfilled the inclusion cri-
teria [18].

There are many available scales to help evaluate
study quality, the most commonly used in the reha-
bilitation area being the PEDro scale [19]. This scale
was developed by the Physiotherapy Evidence Data-
base to be used in experimental studies and has a
total score of 10 points, including evaluation criteria
of internal validity and statistical analysis used [19].

In order to demonstrate the methodological
quality of the studies, an article with a good le-
vel of evidence was considered to be one with a
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score equal to or higher than 6 according to the
PEDro evaluation scale. This criterion was based on
Snider, Majnemer and Darsaklis [17], who conside-
red studies scoring 9-10 on the PEDro scale to be
methodologically ‘Excellent’, 6-8 ‘Good’, 4-5 ‘Fair’
and below 4 "Poor".

Results

The search of PubMed Medicine®, Web of science
and BVS (virtual library in health) identified 194 stu-
dies, 187 of which did not fit the inclusion criteria.
The data extracted from the seven eligible studies
is summarized in Figure 3.

. . . . N\
Figure 3: Flow diagram of the article selection process
Search of bibliographic databases: PubMed,
Web of Science and BVS (virtual library in health)
Main reasons for exclusion:
15t stage screening of titles Databases: N = 194 studys . Iiiztlodieloy d'd. not
and abstracts by 2 involve VR or rehabilitation
independent reviewers interventions, studys others
syndromes, animal studies
d ' and studies that did not
2N stage screening of full have the keywords (down
texts by 2 independent syndrome, motor learning
reviewers Final selection: 7 studys el Wittt el 21
review article.
- /
Table 1. Outline methodology of the studies analysed.
Study reference Nature Frequency and duration
Wuang et al., 2011 RCT  The study was conducted during 2009-2010. Each intervention group received a 1 h

session 2 days per week for 24 weeks.

Bussy et al., 2011 RCT

Chiviacowsky et al., 2012 RI
each trial conducted.

Ulrich et al., 2014 RCT

One session of approximately 30 min.
A task in which all participants performed 30 practice trials, with 10 seconds between

Measurements were obtained in the month before the intervention (pre-intervention),

at 7 weeks after the intervention, and at 12 months after the pre-intervention
measurement for all participants.

Chiviacowsky et al., 2013 RI

The study was conducted over 48 hours.

Legend: RCT = Randomized controlled trial and RI = Randomized intervention.

Ringenbach et al., 2012 Rl Total testing time was between 40 and 70 min.
Courbois et al., 2013 RI One session of approximately 30 min.
4
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Table 2. Studies analysing motor learning and Down syndrome.

Bussy et al., 14 patients with Fragile X syndrome, Implicit learning is variable in genetic syndromes and therefore relatively
2011 12 with Down syndrome and 12 independent of general intellectual capacities.
typically developing children.

Chiviacowsky Thirty adults. All diagnosed with DS Learning was assessed by a retention test, consisting of 10 trials
etal, 2012  and mild intellectual disability (IQ  without feedback, one day later. The self-control group demonstrated
range: 50-70) more effective learning of the task than the yoked group.

Ulrich et al.,  The participants were children who The results indicated no group differences at the pre-intervention
2014 were 8 to 15 years of age and who session. Analysis showed that participants who learned to ride spent
had been diagnosed with DS. significantly less time in sedentary activity at 12 months after the pre-
intervention measurement and more time in moderate to vigorous
physical activity than participants in the control group.

Chiviacowsky 20 adults with DS. The results of this study showed that participants with DS achieved

etal, 2013 similar learning both on a throwing task with reduced frequency to
33% of knowledge of results (KR) as a task with a frequency of 100%
of KR. These results confirm previous studies on the subject by showing
that reduced frequencies can be as beneficial or superior to the
learning of motor skills as increased frequencies.

Ringenbach 20 chronological age-matched The results suggest that visual instruction provides the best information
etal, 2012  (CA), and 20 mental age—-matched for people with DS to aid in performance of many different types of
(MA). movements.

Table 3. Studies analysing virtual reality and Down syndrome.

Wuang et al.,, 105 children  The results suggest that virtual reality using Wii gaming technology demonstrates benefit in
2011 plus another  improving sensorimotor functions among children with DS.
50 as controls.

Courbois et DS (N=10) The results showed that most of the participants with DS were able to learn routes through
al., 2013 and control  the Virtual environment, even though they needed more trials than the chonologicalage
participants.  controls to reach the learning criterion. However, they did not show flexible wayfinding
behaviour because they were unable to find a shortcut between two known locations

Table 4. Main Consideration.

Wuanget al., Participants in the VR Wii group had a greater pre—post change in motor proficiency, visual- 6/10
2011 integrative abilities, and sensory integrative functioning. Virtual reality using Wii gaming
technology demonstrated benefit in improving sensorimotor functions among children with DS.

Bussy et al.,  Implicit learning is variable in genetic syndromes. It is relatively efficient in at least a subgroup of 5/10

2011 Fragile X patients, impaired in Williams syndrome, and preserved with a sensitivity to interference
in Down syndrome.

© Under License of Creative Commons Attribution 3.0 License 5
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Chiviacowsky The objective was to verify the effects of two frequencies (100 and 33%) of knowledge of 6/10
etal, 2012 results (KR) on the learning of a motor skill, in individuals with Down syndrome (DS). The authors
concluded that reduced relative frequencies of KR are as effective as high frequencies in the
learning of simple motor tasks in adults with DS.
Ulrich et al.,  Learning to ride can reduce time spent in sedentary activity and increase time spent in moderate 5/10
2014 to vigorous physical activity, which may influence the health and functioning of these children.
Chiviacowsky Participants with Down syndrome practiced a linear positioning task. In the self-control group, 5/10
etal, 2013  learners were provided with feedback about the movement outcome at their request. The self-
control group demonstrated more effective learning of the task than the yoked group. Self-
controlled feedback enhanced motor learning in participants with Down syndrome.
Ringenbach  The results suggest that visual instruction provides the best information for people with DS to aid 4/10
etal, 2012  in performance of many different types of movements.
Courbois The aim of this study was to assess wayfinding abilities in individuals with Down syndrome 6/10
(DS). The results suggest that most individuals with DS can acquire knowledge about specific
routes, but are unable to integrate that knowledge into a configurational understanding of the
environment.
Discussion as data entry or coin toss should be considered as

Individuals with Down syndrome (DS) have diffe-
rent types of physical disabilities and delays in motor
performance in the first months of life compared
with children who are developing normally [3, 20].
However, the appearance of these disabilities and
delays is influenced by the living environment and
the stimulation the children receive [21]. Among
people with Down syndrome there is also a wide
variation in mental abilities and developmental pro-
gress, that is, people with Down syndrome also di-
ffer from each other [1].

When deciding to conduct a systematic review,
we were aware of the importance of determining
the methodological quality of each study included
in our review. Based on the PEDro scale [22], three
of the selected studies were grade 6, equivalent to
"good" according to criteria adopted by Snider, Ma-
jnemer and Darsaklis [17], three were grade 5 and
one was grade 4, equivalent to “fair” [17].

All studies included in this review were rando-
mized, but the importance of or method of ran-
domization need not be explicit. Procedures such

6

a form of randomization. Quasi-randomization of
procedures such as those based on the hospital
record number, date of birth, or alternation, do
not satisfy this criterion of randomization. Random
assignment ensures that treatment and control
groups are comparable (within the limits of "ran-
dom” events) [22].

The seven studies contained different participants
and sample sizes. The largest population was in
Wuang et al. [23], who had 105 patients in their
sample, and the smallest population was in Cou-
rbois et al. [24], who only analysed 10 individuals
with DS. Both these studies investigated the use of
VR, and had the same PEDro score. Studies analy-
sing individuals with DS and motor learning exa-
mined an average of 20 individuals, so the results
may have been easier to analyse. We assume that
this difference may be due to insertion work using
the VR technology is new, and these studies are
just beginning.

Among the studies that analysed motor lear-
ning, Ringenbach et al. [11] attempted to unders-
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tand how persons with (DS) perform different
tasks and to assess whether there were any di-
fferences in performance based on the type of
instructions. They found that individuals with DS
performed more efficient movements with smaller
amplitudes, and followed visual instructions better
than auditory and verbal instructions for all types
of tasks whereas chronological age-matched per-
formed similarly with all instructions and mental
age-matched performed with smaller amplitudes
with visual instructions than auditory instructions.
These results suggest that visual instruction pro-
vides the best information for people with DS to
aid in performance of many different types of mo-
vements.

Another major difference in the movements
performed by persons with Down syndrome is
the different patterns of muscle activation they
use to perform and adjust these movements to
changes in the environment [25]. According to
Gardiner et al. [26], deficits in learning, memory,
and language in DS lead to general cognitive im-
pairment, which is typically in the mild-to-mode-
rate range.

However recent studies show that persons with
DS are able to adaptively modulate muscle activity,
producing rapid bursts to contrast sudden variations
joint or restore basic muscle hypotonia During re-
laxed limb oscillations [27]

For as Shields et al [28] mentions in his study
the physical inactivity that report the delay in
acquisition, fouled representing a decrease in the
development of functional skills, also Affects so-
cial interaction, since DS individuals' movement is
not standard and is considered thus atypical. Time
synchronization is a very important factor in the
acquisition and performance of motor skills that
generate the need to adapt the actions of body
segments to external events of the environment
that are changing their position in space. This re-
sults were reported by Torriani- Pasin et al. [29],
who found through a coincident timing task that

© Under License of Creative Commons Attribution 3.0 License
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individuals with DS typically present impairments
in timing, which were reflected in slower and de-
layed responses.

Some studies have shown that knowledge of re-
sults (KR) when manipulated self-controlled manner
directly influences individual learning [30], however
Ferreira et al. [31] analysed three different strategies
to provide KR, and noted that there was no effect
of self-controlled frequencies for motor learning
when using the random practice.

Likewise Chiviacowisky et al. [8] found that the
frequency of knowledge of results (KR) did not
influence the learning of motor skills in patients
with Down syndrome. In their study a group of
individuals with DS received 100% of the KR and
another 33% both in the acquisition phase and
after a 48-hour retention phase during which KR
was not supplied; the results showed no difference
between groups.

Tertuliano et al. [32] highlighted their analysis
to the transfer in individuals with normal develo-
pment. They provided a KR of 50% and 33% for
each group in the acquisition phase but no KR in
the transfer phase, and found the best performan-
ce in the 33% acquisition phase and the transfer
phase. They concluded that the lower frequency
of feedback helped improve performance.

Chiviacowsky et al. [6] examined whether the
learning benefits of an external focus of attention
(i.e., on the movement effect) relative to an internal
focus (i.e. on the movement), as found previously
in non-disabled children and adults, would also
be found in children with intellectual disabilities
(ID). The practice phase consisted of 40 trials, and
attentional focus reminders were given after every
third trial. Learning was assessed 1 day later by re-
tention and transfer (greater target distance) tests,
each consisting of 10 trials. No focus reminders
were given on that day. The external focus group
demonstrated more effective learning than the in-
ternal focus group, as shown by more accurate
tosses on the transfer test. Their findings showed

7
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that instructions that induce an external focus of
attention can enhance motor learning in children
with IDs [6]. However, a later study by the same
authors [8] did not corroborate these findings. Af-
ter practicing a linear positioning task in the reten-
tion phase comprising 10 trials without feedback,
learners in the self-control group were provided
with feedback about the movement outcome at
their request one day later in the acquisition phase.
Each participant in the yoked group received the
same feedback schedule as their counterpart in
the self-control group. However, the self-control
group demonstrated more effective learning of
the task than the yoked group. The authors thus
concluded that there is a need for self-controlled
feedback-enhanced motor learning in participants
with Down syndrome.

According to Dubey et al. [33] the success of re-
habilitation resides in three key concepts: feedback,
repetition and motivation. Based on this concept
Barzilay and Wolf [34] proposed a novel approach
to neuromotor training by combining the advanta-
ges of a virtual reality platform with biofeedback
information on the training subject from biometric
equipment and with the computational power of
artificial neural networks. For rehabilitation, the
simulated experience may be designed to address
certain aspects of sensory or motor loss experienced
by an individual [13].

Virtual reality (VR) is an emerging technology
with a variety of potential benefits for many as-
pects of rehabilitation assessment, treatment, and
research through its capacity to allow the creation
and control of dynamic 3-dimensional, ecologica-
lly valid stimulus environments within which beha-
vioural responses can be recorded and measured.
Barzilay and Wolf [34] claim that VR systems can
teach and correct a subject during practice with
real time feedback and, as a result, can significantly
improve the accuracy of their performance.

The aim of a study by Courbois et al. [24] was
to assess wayfinding abilities in individuals with
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Down syndrome (DS). The ability to learn routes
though a virtual environment (VE) and to make
a novel shortcut between two locations was as-
sessed in individuals with DS and control partici-
pants. The results showed that most of the parti-
cipants with DS were able to learn routes through
the VE, even though they needed more trials than
the controls to reach the learning criterion [24].
However, they did not show flexible wayfinding
behaviour because they were unable to find a
shortcut between two known locations (unlike
the controls). The results suggest that most in-
dividuals with DS can acquire knowledge about
specific routes, but are unable to integrate that
knowledge into a configurational understanding
of the environment [24].

VR has the potential to offer experiences that are
engaging and rewarding. In VR, the focus is shifted
from the individual’s efforts in producing a move-
ment or completing a task to that of interaction
with the virtual environment [13]. Wuang et al. [23]
investigated the effects of a strength and agility
training programme in adolescents with Down syn-
drome through an exercise training programme that
consisted of treadmill exercise and virtual-reality-ba-
sed activity, and found that short-term exercise tra-
ining is capable of improving muscle strength and
agility in adolescents with DS.

Games using VR have contributed to the deve-
lopment and learning of children with Down syn-
drome as can be observed in the study by Wuang
et al. [23]. These authors reported that the use of
a Wii game in the intervention led to an impro-
vement in sensorimotor functions in children with
DS by means of repetitive intensive training and
the observation, practice, and representation on
the screen of task-specific activities. They com-
pared the effect of standard occupational the-
rapy (SOT) and virtual reality using Wii gaming
technology (VR Wii) on children with Down syn-
drome (DS). One hundred and five children were
randomly assigned to intervention with either
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SOT or VR Wii, while another 50 served as con-
trols. All children were assessed with measures of
sensorimotor functions. At post-intervention, the
treatment groups significantly outperformed the
control group on all measures.

Berg et al. [27] found that the use of Wii games
four times each week for 20 minutes each session
for 8 weeks in a child with DS was accompanied by
improvements in upper-limb coordination, manual
dexterity, balance, postural stability, and limits of
stability control.

Virtual reality interventions have been shown
to improve cognitive function and concentration
through an individual’s interaction with a pleasant
activity. Importantly, the enjoyment experienced
while working with VR may increase the level of
participation. In addition to generating realistic si-
tuations for testing, intervention and collection of
data, the provision of immediate and positive fee-
dback through VR has been shown to increase self-
esteem and empowerment [13].

It was also found that these experiences imple-
mented primarily with a view to promoting health,
highlighting elements such as autonomy, empower-
ment and decision-making [35]. This findings might
be valuable to the health care of intellectual disea-
ses, such as Down Syndrome.

Health care is conventionally regarded as the diag-
nosis, treatment, and prevention of disease, illness,
injury, and other physical and mental impairments
in humans.

How we define the quality of public health at
any given time must be compatible with future
generations enjoying health in an equivalent way
[36]. Public health practitioners must also integrate
sustain ability in the definition of public health.
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Conclusion

The motor learning in individuals with Down
syndrome can occur following different tasks,
allowing better motor control and specific skills
often independently of the result of knowledge,
and is more effective in the presence of visual
feedback and self-control. Individuals with Down
syndrome respond positively and effectively, im-
proving their sensory motor control, when stimu-
lated with different and complementary tasks to
conventional therapy, especially therapy involving
virtual reality, are able to perform the pre-set task,
but are not able to trace routes with different
alternatives.
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