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Caminhos Entrelacados: O Desenvolvimento Humano em Sistemas Complexos

Nos intrincados dominios do ser que cresce,
Hd um sistema complexo repleto de harmonia que floresce,
Entre o crescimento, desenvolvimento e a competéncia motora,

Tece-se a sinfonia que a vida decora.

O crescimento humano, ndo so de fisico é feito,
Também a mente e o espirito, sdo partes do enlevo,
No amadurecer da alma, a sabedoria emerge,

E em cada competéncia, a jornada se converge.

Complexas sdo as conexdes, mente e corpo em sinergia,
Na sincronia perfeita, a maestria se anuncia,
E no sistema que entrelaca, a mente se expande,

Na competéncia motora, a exceléncia que se alcanga.

Cada passo, um compasso, um movimento,
Na danga do crescimento e do aprimoramento,
As habilidades motoras estdo em constante evolugdo,

Em gestos e equilibrio, a busca pela perfeicdo.

Nos trilhos da existéncia, um sistema a desvendar,
O crescimento humano, emaranhado a tecer,
Complexas engrenagens, sonhos a florescer,

Na busca incessante por se descobrir e amar.

Que cada ser valorize sua trajetoria vnica,
Abrace as nuances, sem pressa, de forma ciimplice,
Nos sistemas complexos do crescimento e evolugdo,

Encontre a forca e a beleza da prépria transformagdo.

[Relatos de uma pesquisadora perdida e confusa, que tentou encontrar respostas para suas dividas na

complexidade da vida].



RESUMO

PEREIRA, Elenice de Sousa, D.Sc., Universidade Federal de Vigosa, agosto de 2023.
Interacoes dinamicas da competéncia motora e correlatos durante o processo de
crescimento e desenvolvimento infantil: uma visao a partir dos sistemas complexos.
Orientadora: Fernanda Karina dos Santos. Coorientadora: Thayse Natacha Queiroz Ferreira
Gomes.

Esta tese teve como objetivo geral analisar as interagdes dindmicas entre a competéncia motora
e correlatos durante o processo de crescimento e desenvolvimento de criangas, a partir dos
sistemas complexos. Trata-se de um estudo epidemioldgico de base escolar, de delineamento
longitudinal-misto, composto por 67 criancas (sendo 41 meninos e 26 meninas), com idade
entre seis e 10 anos. As medidas antropométricas de massa corporal e estatura forneceram a
estimativa de crescimento. Indicadores de adiposidade (indice de massa corporal — IMC,
percentual de gordura corporal — PGC e relacdo cintura/estatura —RCE) foram mensurados
conforme os respectivos protocolos de avaliagdo. A atividade fisica foi estimada através de
questiondrio, pedometros e acelerdmetros. As componentes da aptidao fisica (for¢a de preensao
manual, forca de membros superiores, forca de membros inferiores, resisténcia abdominal,
velocidade, agilidade, flexibilidade e aptiddo cardiorrespiratéria) foram avaliadas com
protocolos do EUROFIT, FITNESSGRAM, AAHPERD, PROESP-BR. A competéncia motora
real foi avaliada através da bateria de testes de Desenvolvimento Motor Grosso (TGMD-2) e a
competéncia motora percebida foi estimada através da Escala Pictografica de Avaliacdao da
Competéncia Percebida em Habilidades Motoras. As trés fun¢des executivas centrais (controle
inibitério, memoria de trabalho e flexibilidade cognitiva) foram avaliadas consoante os
protocolos do teste cinco digitos, digitos e fluéncia verbal, respectivamente, considerando a
idade e sexo da crianga. Os testes de comparagao mostraram diferengas entre os sexos para os
indicadores de crescimento, adiposidade, atividade fisica, aptidao fisica, competéncia motora
real e percebida e fun¢des executivas na linha de base do estudo; e os resultados destacam uma
alta prevaléncia de criancas com excesso de peso, inatividade fisica e baixos niveis de
competéncia motora. A andlise de rede mostrou associagdes dindmicas e nao lineares entre
variaveis de saide, bioldgicas, comportamentais e cognitivas em criancgas ao longo do tempo;
foram observadas diferentes topologias de redes em cada coorte analisada, indicando que as
interacOes dinamicas entre as varidveis observadas podem impactar favoravelmente o
desenvolvimento infantil, especialmente quando sdo consideradas varidveis sociodemogréficas

(como a idade e o sexo). A ANOVA de Medidas Repetidas evidenciou mudangas ao longo do



tempo nas varidveis composi¢do corporal, atividade fisica, aptidao fisica e funcdes executivas
de criancas com alta e baixa competéncia motora; a andlise de rede mostrou interacdes
dinamicas nao lineares entre essas varidveis em criangas com diferentes niveis de competéncia
motora; além de serem observadas diferentes clusteres e topologias de redes nos trés momentos
(TO, T1 e T2), com a idade sendo elemento crucial nas redes emergidas. Em termos praticos,
os resultados representam que cada grupo de criancas com diferentes niveis de competéncia
motora busca se adaptar e auto-organizar, o que permite assim apresentar padrdes de redes
inéditos. Os achados da presente tese permitem inferir que existem interagdoes dindmicas entre
a competéncia motora e correlatos, e apoia-se o desenvolvimento e aprimoramento da
competéncia motora e dos correlatos sinergicamente, com intuito de promover melhor
qualidade de vida e saude das criancas ao longo do processo de crescimento e desenvolvimento

infantil.

Palavras-chave: Crescimento. Desenvolvimento. Habilidades Motoras Fundamentais.
Atividade Fisica. Aptiddo Fisica. Competéncia Motora Percebida. Funcdo Executiva. Sistemas

Complexos. Infancia. Saude.



ABSTRACT

PEREIRA, FElenice de Sousa, D.Sc., Universidade Federal de Vigosa, August, 2023. Dynamic
interactions of motor competence and its correlates during the process of growth and child
development: a view from complex systems. Adviser: Fernanda Karina dos Santos. Co-
adviser: Thayse Natacha Queiroz Ferreira Gomes.

This thesis aimed to analyze the dynamic interactions between motor competence and correlates
during children’s growth and development, through the complex systems. This is a school-
based epidemiological study with a longitudinal mixed design, comprising 67 children (41 boys
and 26 girls) aged between six and 10 years. Anthropometric measurements of body mass and
height provided the growth estimate. Adiposity indicators (body mass index — BMI, body fat
percentage — BFP, and waist-to-height ratio — WHtR) were measured according to their
respective protocols. Physical activity was estimated by questionnaire, pedometers, and
accelerometer. Physical fitness components (handgrip strength, upper limb strength, lower limb
strength, abdominal endurance, speed, agility, flexibility, and cardiorespiratory fitness) were
measured using the EUROFIT, FITNESSGRAM, AAHPERD, and PROESP-BR protocols.
Actual motor competence was assessed using the Test of Gross Motor Development (TGMD-
2) battery, and perceived motor competence was estimated using the Pictographic Scale for the
Assessment of Perceived Competence in Motor Skills. The three central executive functions
(inhibitory control, working memory, and cognitive flexibility) were assessed according to the
five-digit, digit, and verbal fluency test protocols, respectively, taking into account age and sex.
Comparison tests showed sexes differences in indicators of growth, adiposity, physical activity,
physical fitness, actual and perceived motor competence, and executive function at the baseline;
and the results highlight a high prevalence of children with overweight children, physically
inactive, and with low levels of motor competence, indicating a concern about these behaviors
throughout childhood. Network analysis showed dynamic, non-linear associations between
health, biological, behavioral, and cognitive variables in children followed over time; different
network topologies were observed in each cohort analyzed, suggesting that dynamic
interactions between the observed variables may favorably influence child development,
especially when sociodemographic variables (such as age and sex) are taken into account.
Repeated measures ANOV A showed changes over time in body composition, physical activity,
physical fitness, and executive function in children with high and low motor competence;
network analysis revealed dynamic non-linear interactions between these variables in children

with different levels of motor competence; and different clusters and network topologies were



observed at the three time points (TO, T1, and T2), with age being a critical element in the
emerged networks. In practical terms, results imply that each group of children with different
levels of motor competence attempts to adapt and self-organize, allowing them to represent
novel network patterns. The results of the present thesis allow us to conclude that there are
dynamic interactions between motor competence and correlates, and supports the development
and improvement of motor competence and correlates synergistically, to promote better quality

of life and health of children throughout the process of child growth and development.

Keywords: Growth. Development. Fundamental Motor Skills. Physical Activity. Physical

Fitness. Perceived Motor Competence. Executive Function. Complexity. Childhood. Health.
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ESTRUTURA DA TESE

A apresentagdo da tese estd de acordo com a Normaliza¢do de Trabalhos Académicos
atualizada conforme as normas técnicas NRB 14724/2011 e NRB 6023/2018, que
regulamentam o formato de trabalhos académicos da Universidade Federal de Vicosa. O corpo
tedrico da tese estd dividido em secdes. Os artigos da tese foram escritos em lingua inglesa,
compdem a sec¢ao “Resultados e Discussao” e foram formatados de acordo com as normas dos
respectivos periddicos a que foram submetidos ou publicados. Assim, a tese foi estruturada a

partir das seguintes secoes:

1. Introducao Geral: apresenta o panorama geral da temética estudada.

2. Justificativa: apresenta as razdes cientificas que justifiquem a necessidade de realizacao da

pesquisa.
3. Objetivos: contempla os objetivos geral e especificos da tese.
4. Hipoéteses: especifica as hipdteses que o estudo pretende responder.

5. Referencial Teorico: destinada ao desenvolvimento dos assuntos centrais da tese, incluindo
a proposi¢ao tedrica da tese, crescimento e desenvolvimento infantil, competéncia motora real,
atividade fisica, aptiddo fisica, competéncia motora percebida, habilidades cognitivas,
indicadores de adiposidade, a visao da complexidade para o estudo da competéncia motora e

correlatos.

6. Metodologia Geral: descreve os procedimentos de coleta de dados, protocolos e andlise dos

dados.

7. Resultados e Discussoes: apresenta os resultados e a discussao da tese, a partir de trés artigos
originais. O primeiro artigo apresenta os dominios metodoldgicos do estudo de delineamento
longitudinal-misto da Zona da Mata — MG, assim descreve os resultados da linha de base, por
sexo, para os indicadores de crescimento, adiposidade, atividade fisica, aptiddo fisica,
competéncia motora real e percebida e fung¢des executivas de criancas. O segundo artigo aborda
através da andlise de redes, a associacdo dindmica e nado linear entre varidveis de saude,
bioldgicas, comportamentais e cognitivas em criangas acompanhadas ao longo do tempo, bem
como estima as diferencas entre os sexos para indicadores de sadde, atividade fisica, aptidao
fisica, competéncia motora real e percebida e funcido executiva em trés momentos. O terceiro

artigo estima as diferencas intragrupos na composicao corporal, atividade fisica, aptidao fisica



e funcdes executivas de criancas com alta e baixa competéncia motora ao longo do tempo, além
de examinar através da andlise de redes, as interagdes dindmicas entre essas varidveis em
criancas com diferentes niveis de competéncia motora. No seu conjunto, os artigos investigam
as interagdes entre a competéncia motora e correlatos durante o processo de crescimento e

desenvolvimento infantil, a partir de uma visao dos sistemas complexos.
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1 INTRODUCAO

A infancia € um periodo marcado por diversas transformagdes e mudangas que ocorrem
na vida das criangas, além de ser caracterizada por um intenso crescimento e desenvolvimento
fisico, motor, cognitivo, emocional e social, sendo que cada fase da infancia apresenta suas
proprias caracteristicas e desafios [1,2]. A segunda infancia, em especial, compreendida entre
seis e os 10 anos de idade, € marcada pela inser¢do da crianca no ambiente escolar, no qual
varios comportamentos, habitos, costumes e habilidades sao adquiridos, moldados e refinados
e podem perpetuar ao longo da vida [1-3]. Alguns comportamentos relacionados a saide
comegam a ser estabelecidos, como a prética regular de atividade fisica que estd associada a
competéncia motora real, as quais fornecem a base para o envolvimento em diferentes tipos de
atividades fisicas mais complexas, como aquelas recrutadas em jogos e esportes, além de
contribuir para um estilo de vida saudavel [3-6].

A competéncia motora real é caracterizada como a proficiéncia em uma ampla gama de
habilidades motoras fundamentais [7,8]. Evidéncias prévias reportaram que a competéncia
motora € uma varidvel essencial para o processo de crescimento e desenvolvimento infantil,
dada a sua potencialidade em reduzir iniquidades em termos de saide [7-10]. Isso
possivelmente ocorre devido a competéncia motora se relacionar favoravelmente com varidveis
e/ou correlatos individuais e bioldgicos (como sexo, idade, composi¢do corporal, aptidao
fisica), comportamentais (pratica de atividade fisica) e cognitivos/psicologicos (habilidades
cognitivas — fungdes executivas, competéncia motora percebida) [11-18]. No entanto, mesmo
diante das relagdes positivas previamente mencionadas, tem-se observado baixos niveis de
competéncia motora na populagao pediatrica [19-23].

Um estudo realizado no Brasil em 2020, com 1017 criancas e adolescentes, na faixa
etiaria de trés a 14 anos, identificou baixos niveis de competéncia motora e também uma
diminui¢do significativa da competéncia motora ao longo da idade em ambos os sexos [20]. A
baixa competéncia motora pode estar associada a dificuldade das criangas em participar de
atividades fisicas, bem como aos niveis reduzidos de confianca em sua capacidade de realizar
atividades fisicas e motoras, o que pode contribuir para uma série de fatores que afetam
negativamente o desenvolvimento fisico, motor e cognitivo [20,23-25]. Dentre esses fatores,
destacam-se o aumento da prevaléncia de excesso de peso (que se relaciona com piores
indicadores de adiposidade) na populacdo pedidtrica, assim como baixos niveis de aptidao

fisica, competéncia motora percebida e habilidades cognitivas [23-26].
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Em termos do crescimento e desenvolvimento humano, sabe-se que existem
propriedades emergentes devido as interacOes entre diferentes varidveis [27]. Assim, as
evidéncias apontam para a importancia das criancas desenvolverem habilidades e competéncias
ao longo da infncia, a fim de formar individuos sauddveis, ativos e capazes de enfrentar os
desafios da vida [1,2]. Algumas das competéncias, habilidades e capacidades, desenvolvidas
durante a infincia incluem ser proficiente em uma ampla gama de tarefas motoras, ter bons
niveis de aptidao fisica, ser fisicamente ativo, ter a capacidade de solucionar problemas, pensar
criticamente e tomar decisoes [5,6,24,28].

Nessa perspectiva, vdrios estudos buscaram compreender as interacdes entre a
competéncia motora e correlatos (a citar, atividade fisica, aptiddo fisica, competéncia motora
percebida, fungdes executivas e indicadores de adiposidade) associados ao processo de
crescimento e desenvolvimento infantil [13,29-31]. O que se percebe € a existéncia de um
complexo sistema que envolve todo este processo, ou seja, as interacdes entre varias varidveis
podem estar intimamente conectadas, € quanto mais partes e mais conexdes estiverem
entrelacadas dentro de um sistema, mais complexo ele serd e mais dificil serd analisar tal
sistema com base nos mecanismos existentes de andlise [27,32,33]. Assim, destaca-se que
muitas das evidéncias ndo consideraram as multiplas interacdes entre a competéncia motora e
correlatos, estabelecendo na grande maioria caminhos unidirecionais e lineares, e exploraram
as relagdes de forma parcial e fragmentada, fornecendo insights de forma isolada [27].

Os estudos que investigaram por exemplo, a relacdo entre competéncia motora e
atividade fisica, ou que analisaram a associacdo entre competéncia motora e habilidades
cognitivas, etc., na perspectiva linear, sdo amplamente observadas e forneceram informacgdes
parciais e fragmentadas acerca dessas interacoes [6,20,25,29,30]. Essas relacoes fragmentadas
evidenciam uma limitacdo no que se considera testar as interagdes entre a competéncia motora
e os diferentes dominios do desenvolvimento de forma sinérgica [3].

Estudar uma faixa etdria especifica, ou investigar uma ampla faixa etdria, fornecendo
informacdes apenas de um recorte temporal, € recorrente nesses estudos, contudo impossibilita
a compreensdo de como ocorrem essas relagdes ao longo do processo de desenvolvimento
[13,19,23,26,31]. Evidéncias prévias ndo investigaram se as interagdes entre competéncia
motora e correlatos ocorrem de forma semelhante ou distinta entre os s€X0s; Ou mesmo, se estas
relacdes podem se expressar distintamente ao longo do tempo em criancas com diferentes niveis
de competéncia motora, dada as condi¢Oes iniciais e padrdes estabelecidos [19,23,27,36].

Assim, surge a necessidade de novos olhares em termos epistemoldgicos na tentativa de
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compreender os fendmenos relacionados as interacdes da competéncia motora e correlatos ao
longo do processo de crescimento e desenvolvimento infantil.

Nessa perspectiva, ao direcionar o olhar sist€émico para a competéncia motora e
correlatos (atividade fisica, indicadores de adiposidade, competéncia motora percebida, aptidao
fisica e fungdo executiva), € possivel que todas as varidveis interajam entre si (e estas relacdes
podem se estabelecer de forma ndo-linear) ao longo do processo de crescimento e
desenvolvimento, tendo como o desfecho a promoc¢ao de melhores condi¢des de satde da
populacdo pediétrica [27,36,37].

Com vistas ao processo de crescimento e desenvolvimento humano, os estudos futuros
devem reconhecer que a ado¢do de abordagem apenas linear por si ndo reflete a natureza
integrada de como a interacdo entre competéncia motora e correlatos sio estabelecidos [27].
Mas, se empregada paralela e/ou conjuntamente ao uso da teoria da complexidade pode auxiliar
na compreensao acerca dos fendmenos da mudanca, bem como compreender o quanto essa
mudanca interfere no processo de crescimento e desenvolvimento [27,38]. Assim, o presente
estudo busca contribuir com a ampliagdo do conhecimento existente na literatura acerca das
interacOes dinamicas e multiplas entre a competéncia motora e correlatos durante o processo de

crescimento e desenvolvimento infantil a partir de visao dos sistemas complexos.
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2 JUSTIFICATIVA

Nos ultimos anos houve um aumento das pesquisas sobre a competéncia motora e seus
correlatos durante o processo de crescimento e desenvolvimento infantil [1-9].
Concomitantemente hd um aumento de criangas com atrasos motores, com baixos niveis de
aptiddo fisica, inativas fisicamente, com baixa competéncia motora percebida, com baixos
niveis de habilidades cognitivas e com preocupantes indicadores de adiposidade [9-12]. Em
2008, um modelo conceitual postulou a relevancia da competéncia motora como sendo
mecanismo primdrio para o risco de obesidade na infancia e adolescéncia [13].

O modelo proposto por Stodden et al. [13], revisado por Robinson et al. [14] e com uma
recente extensdo do modelo proposta por Lima et al. [8], tem fornecido suporte tedrico para um
amplo corpo tedrico que investiga a relagdo entre competéncia motora e correlatos, como a
atividade fisica, competéncia motora percebida, aptidao fisica, status de peso corporal e
habilidades cognitivas em criancas e adolescentes [4,5,11,15—-17]. Embora exista uma relevante
contribuicdo para a drea, um fato importante que deve ser mencionado € que raramente 0s
estudos conduzidos que utilizam o modelo como framework contemplaram todas as varidveis
presentes no modelo conceitual [8,14,18].

As relagdes entre a competéncia motora e correlatos t€m sido exploradas na sua maioria
em estudos de delineamento transversal, abordando uma faixa etéria especifica e fornecendo
informacdes de forma parcial e isoladas [4,11,19]. O conhecimento dessas informagdes de
forma isolada evidencia uma lacuna no que se considera testar as interagdes da competéncia
motora e correlatos de forma sinérgica durante o processo de crescimento e desenvolvimento
infantil [14]. Portanto, € possivel sugerir que alguns dos mecanismos que estejam envolvidos
nas interagdes entre competéncia motora e correlatos ainda ndo foram elucidados e considerar
a perspectiva da complexidade (os sistemas complexos) seja um fator importante para auxiliar
na compreensao dos mecanismos subjacentes presentes nessas relacdes [20-22].

Nessa perspectiva, a competéncia motora e correlatos podem ser considerados
fendmenos complexos, em virtude das multiplas interacdes entre diferentes varidveis de ordem
bioldgica, individual, comportamental, cognitiva, psicoldgica e de saide que podem apresentar
um comportamento nio linear [10,12,15-17,19, 20,22]. Portanto, parece clara a necessidade de
compreender essas relacdes através de um olhar sist€mico e integrador, fornecendo, assim,
informacdes relevantes que podem estar associadas ao crescimento e desenvolvimento sauddvel

das criancas [20]. Deste modo, a presente tese utiliza a abordagem dos sistemas complexos com
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a finalidade de compreender as interacdes dinamicas entre a competéncia motora e correlatos
na infancia, e assim contribuir com a ampliacdo do conhecimento para a comunidade cientifica,
no que tange o desenvolvimento e aprimoramento da competéncia motora e correlatos na

promocao da saide e melhor estilo de vida neste periodo da vida.
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3 OBJETIVOS

3.1 Objetivo geral

Analisar as interagdes dinamicas entre a competéncia motora e correlatos durante o

processo de crescimento e desenvolvimento de criangas a partir dos sistemas complexos.

3.2 Objetivos especificos

= Apresentar os dominios metodolégicos do estudo de delineamento longitudinal-misto
da Zona da Mata — MG (Artigo 1).

= Descrever os resultados da linha de base, por sexo, para indicadores de crescimento,
adiposidade, atividade fisica, aptiddo fisica, competéncia motora real e percebida e
funcgdes executivas das criangas (Artigo 1).

= Analisar, através da andlise de redes, a associacdo dinamica e ndo linear entre varidveis
de saude, bioldgicas, comportamentais e cognitivas em criancas acompanhadas ao longo
do tempo (Artigo 2).

= Estimar as diferencas entre os sexos para indicadores de satde, atividade fisica, aptidao
fisica, competéncia motora real e percebida e fun¢do executiva em trés momentos
(Artigo 2).

= Estimar as diferencas intragrupos na composi¢do corporal, atividade fisica, aptidao
fisica e fungdo executiva de criangas com alta e baixa competéncia motora ao longo do
tempo (Artigo 3).

» Examinar, através da andlise de redes, as interacdes dindmicas entre composi¢ao
corporal, atividade fisica, aptidao fisica e func@o executiva em criangas com diferentes

niveis de competéncia motora (Artigo 3).
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4 HIPOTESES EM SISTEMAS COMPLEXOS

O método cientifico tem como ponto de partida a percep¢do de uma lacuna nos
conhecimentos (um problema de pesquisa), ao qual € oferecido uma espécie de solucdo
(formulagdo de hipdéteses), e através de inferéncia dedutiva, ocorre o processo de testar a
predicdo da ocorréncia dos fendmenos abrangidos pela hipdtese [1]. Assim, as pesquisas
deterministicas que sdo baseadas em causalidades lineares utilizam a concepg¢ao de formulagao
de hipéteses, com vistas a aceitagdo ou refutacdo das hipdteses a partir de testagem [2].

A presente tese visa a compreensdo dos mecanismos subjacentes das interacdes entre
competéncia motora e correlatos, e para isso utiliza-se um olhar sistémico e integrador;
adicionalmente as causalidades lineares que também fazem parte da problematica investigada.

Assim, a ndo linearidade dos fen6menos é uma das caracteristicas da ciéncia da
complexidade [3]. Um sistema complexo pode ser definido pela existéncia de fortes interagdes
ou mesmo de interagdes nao triviais, isto €, nao lineares [3,4]. Nesse sentido, a formula¢do de
hipoteses para esta tese seria um equivoco epistemoldgico, visto que todas interagdes e padroes

observados sdo inéditos e unicos [3,4].
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5 REFERENCIAL TEORICO

O referencial tedrico foi elaborado com a finalidade de conceituar, relacionar e integrar
os mecanismos do crescimento e desenvolvimento infantil através das interacdes entre a
competéncia motora e correlatos em termos de satide. Dessa forma, o referencial foi dividido
em nove topicos.

Iniciando com o tépico “5.1 A Visdao da Complexidade para o Estudo da Competéncia
Motora” buscou-se conceituar e descrever os sistemas complexos, assim como elencar pontos
que reforcem o entendimento acerca das multiplas interagdes da competéncia motora e
correlatos na perspectiva da teoria da complexidade. O topico “5.2 Proposicao Teorica da
Tese”, consiste no surgimento das ideias acerca das interacdes entre a competéncia motora e
correlatos até a concepcdo e compreensao das multiplas interagdes entre a competéncia motora
e correlatos da presente proposi¢do. No topico “5.3 Crescimento e Desenvolvimento Infantil”,
buscou-se contextualizar o processo de crescimento e desenvolvimento infantil na perspectiva
da saude. Na sequéncia (topico “5.4 Competéncia Motora Real”), foi abordado sobre a
competéncia motora e suas interacdes na perspectiva do crescimento e desenvolvimento. Em
seguida, no topico “5.5 Atividade Fisica”, abordou-se sobre a atividade fisica e as prevaléncias
em contexto mundial e brasileiro, assim como os beneficios e potenciais relacdes com outras
variaveis de satde ao longo da infincia. No topico “5.6 Aptidao Fisica”, buscou-se conceituar
e descrever a aptidao fisica na fase da infancia. No topico “5.7 Competéncia Motora Percebida”,
a atencdo foi em conceituar e descrever a competéncia motora percebida. No topico “5.8
Habilidades Cognitivas” buscou-se conceituar e relacionar as habilidades cognitivas com outras
varidveis de satde ao longo da infancia. E por fim, o topico “5.9 Indicadores de Adiposidade”
teve como foco descrever e conceituar os indicadores de adiposidade mais prevalentes na

infancia.
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5.1 A visao da complexidade para o estudo da competéncia motora e correlatos

A ciéncia da complexidade tem sido aceita em algumas dreas de estudos, como por
exemplo na Psicologia [1], na cognic¢do [2,3] e nos estudos da obesidade [4], e tem fornecido
visdes importantes para a mudanca no paradigma sobre o fendmeno investigado [5]. Uma
variedade de fenOmenos na natureza e na sociedade podem ser unificados e compreendidos
através dos sistemas dindmicos complexos [1,5-7]. Assim, o estudo da complexidade busca
compreender como as coisas estdo conectadas umas com as outras € como essas interagdes
funcionam em conjunto [5].

As teorias da complexidade representam a unido de diferentes tipos de ideias e teorias
para abordar a ndo linearidade e a dindmica dos sistemas do mundo real [2,5,6]. Assim, antes
de prosseguir, € necessdrio distinguir dois conceitos importantes para o avanc¢o do
conhecimento: linearidade e ndo-linearidade [5].

A linearidade e/ou distribuicdo linear remota do entendimento comum de “distribui¢do
normal” pressuposta por Karl F. Gauss (1777-1855) [5,6,8]. A distribui¢do “Gaussiana”
representa uma curva simétrica em torno do ponto médio, e apresenta o formato de sino,
popularmente conhecido [5]. As relagdes lineares sdo importantes na andlise de dados e na
modelagem de fendmenos em diversas dreas, desde a fisica até as ciéncias sociais [6].
Geralmente elas descrevem uma relacdo direta e proporcional entre duas varidveis, permitindo
que sejam feitas previsdes e inferéncias sobre o comportamento dessas varidveis em diferentes
situagoes [5,9].

A nao-linearidade comecou a ser postulada através de Vilfredo Pareto (1848—1923), que
observou que a maioria dos fendmenos naturais ndo sao distribuidos linearmente, e que eles
seguem uma distribui¢@o da lei de poténcia de um sistema nao linear [5]. Assim, o pensamento
epistemoldgico anterior e vigente até os dias atuais, acaba sendo comprometido por ignorar a
distribuicao ndo linear dos sistemas vivos [5]. Ou seja, na perspectiva ndo linear o foco ndo esta
apenas em como a varidvel se altera ao longo do tempo, mas o quanto essa mudancga interfere
na alteracao do sistema como um todo [5,9,10].

Trabalhar com sistemas complexos € fazer uma parceria com a incerteza, uma vez que
o estado futuro ou o resultado da dindmica de um sistema sao impossiveis de prever [5]. Assim,
todo sistema complexo por defini¢cdo € diferente [5,6]. Os sistemas complexos sdo muito
dinamicos, ndo lineares e nao sao estaticos [5,6,11]. Nesse sentido, sdo elementos dos sistemas

complexos: feedback loop, ndo linearidade, auto-organizacao, padrao emergente e redes [5].
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O feedback loop € um mecanismo no qual a mudanga em uma varidavel pode resultar em
uma ampliacdo (feedback positivo) ou amortecer (feedback negativo) dessa mudanca [5]. Ou
seja, fazendo analogia a um ciclo de retroalimentagdo, onde a informacdo ird circular, ser
modificada e depois ird retornar para influenciar (positiva ou negativamente) o comportamento
do sistema [5].

O segundo elemento trata-se da ndo linearidade, que define que os padrdes finais sdo
desproporcionais as suas causas iniciais, em virtude dos feedbacks gerados que sdo muito
imprevisiveis [5]. Além disso, a ndo linearidade pode se manifestar dada a sensibilidade das
condic¢des iniciais [5]. Assim, pequenas mudancas nas condi¢des iniciais ou no ambiente
externo podem ter efeitos profundos no sistema, enquanto grandes mudancas podem nao alterar
os padroes existentes [S]. Daqui que a atencdo para ndo desprezar os pequenos efeitos [5,9].
Em contexto pratico, ao desprezar uma varidvel (por exemplo, a competéncia motora percebida)
na perspectiva de que ela ndo estd relacionada com o desfecho (no exemplo, a composi¢cdo
corporal da crianca), comete-se um erro importante, visto que, a competéncia motora percebida
pode ser o inicio de um efeito causal, que ao longo do tempo pode chegar até o principal
desfecho [5,9,10]. Em outras palavras, um feedback negativo que um professor der ao seu aluno
acerca da execucdo de uma determinada tarefa motora, poderd impactar negativamente na
constru¢do da competéncia motora percebida desse aluno, e assim, ao longo do tempo, o aluno
sentir-se incapaz de executar determinadas habilidades motoras, e com isso ter impactos na sua
composi¢ao corporal [5,10].

A auto-organizacdo é o terceiro elemento do sistema complexo, € definida pelo
surgimento espontaneo de novas estruturas e formas de comportamento em sistemas abertos,
ao qual € caracterizado pelas interacdes de realimentacdo internos e sao descritos
matematicamente por meio de equagdes nao lineares [5,8,12]. A auto-organiza¢do pode ser
entendida como adaptacao, sendo que, em reacao as condi¢des do ambiente, o sistema precisa
ajustar parte de sua estrutura interna, e assim, se auto-organiza [5,12]. Dessa forma, torna-se
dificil encontrar um elemento que seja central dentro de um sistema que se auto-organiza, visto
que ele nao € linear [5,6,13].

No processo de crescimento e desenvolvimento de uma crianca compreende muitos
elementos interativos que abrangem varios niveis, desde o biolégico (por exemplo, competéncia
motora) [14] ao cognitivo (fungdes executivas, competéncia motora percebida) [15—-17], ao
comportamental (atividade fisica) [18] e ao social (interacao entre os pares) [19]. Assim, dentro
da perspectiva dos sistemas complexos os processos de organizacio e estrutura vém de maneira

facilitada por meio das intera¢des nao lineares e dependentes do tempo que emergem dessa
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mistura multinivel e de alta complexidade [20]. Portanto, o préprio sistema tem uma tendéncia
intrinseca de criar determinados padrdes, o que pode resultar em distintas configuracdes de
redes [21]. De acordo com Bartsch et al. [13], compreender a natureza das interacdes existentes
pode fornecer informagdes uteis sobre o papel especifico de varios sistemas dentro uma rede
integrada.

O padrdo emergente € o quarto elemento do sistema complexo e € caracterizado como
o produto das interacdes que ocorrem dentro do sistema [5]. Assim, o comportamento do
sistema ndo pode ser explicado pelos comportamentos dos componentes/elementos do sistema
[5]. Em outras palavras, “o todo ¢ mais do que a soma de suas partes” [5,8].

As redes, estdo no coragdo do sistema complexo, e € o ultimo elemento a ser considerado
[5,9,10]. A ciéncia de rede aponta para uma dindmica coletiva dos sistemas complexos serem
moldados por um pequeno nimero de nds essenciais ou influenciadores [5,11]. Uma rede
refere-se a uma estrutura, representando um grupo de objetos/pessoas e relacdes entre eles
[5,21]. Assim, a estrutura da rede consiste em nds ou nddulos e arestas ou bordas [20-22]. Os
nés representam objetos/varidveis/pessoas que serdo analisadas enquanto as arestas
representam as relacdes entre esses objetos/varidveis/pessoas [21]. Por exemplo, determinadas
regides no cérebro em desenvolvimento sdao essenciais para formacgao de redes de memoria ou
inibir determinados comportamentos, lideres politicos ou de midias sociais sdo capazes de
influenciar o ponto de vista publico sobre determinado assunto [23]. Desse modo, a selecao dos
“nods” (que pode ser uma variavel bioldgica, econdmica, comportamental, uma cidade, um pais,
etc.) é a primeira etapa da andlise de redes, podendo esta ser uma escolha por consideragdes
substanciais e ndo metodoldgicas [10,12,21]. Em sintese, a escolha das varidveis permite ao
pesquisador observar como funcionard os nés no modelo da rede, e a associacdo condicional
entre duas varidveis decorre quando essas varidveis sdo probabilisticamente dependentes e,
portanto, condicionais a todas as outras varidaveis dos dados [5,21].

As representagdes em rede codificam as informacdes relativas a distribuicdo de
probabilidades de um conjunto de varidveis [12,21]. A atencdo direcionada a andlise de rede
psicométrica estd centrada nos padroes de dependéncias condicionais em pares que estdo
presentes nos dados analisados [21]. Semelhante aos outros tipos de analises de dados, tudo
comega com uma questdo de pesquisa, que direciona um esquema de coleta das informagdes
(dados), que pode incluir desde delineamentos transversais a séries temporais e de painel [21].

Vérios processos biologicos, comportamentais € sociais importantes, como o0 aumento
de informacdes nas midias sociais do Google ao Facebook, Instagram, Twitter e Linkedin, as

inimeras conexdes cerebrais, a evolu¢do dindmica dos ecossistemas, tudo se resume a



42

interacOes entre os diversos componentes de cada sistema, o que pode ser entendido por
modelos dindmicos em redes complexas [22—-24]. Resumidamente ao observar esses sistemas,
as interacdes complexas que ocorrem numa escala micro podem levar a distintos
comportamentos dinamicos que podem ser observados em nivel macro [11]. Assim,
compreender como a estrutura de uma determinada rede afeta a funcdo dos sistemas dindmicos
complexos, torna-se o foco central das pesquisas que envolvem a ciéncia de redes na
modernidade [10,11].

A competéncia motora e correlatos (a citar, atividade fisica, competéncia motora
percebida, aptidao fisica, indicadores de adiposidade e funcdes executivas) sdo varidveis que
devem ser compreendidas da perspectiva da ndo linearidade, e estdo interconectados
dinamicamente, o que lhes confere as caracteristicas de um sistema complexo [5,14]. Neste tipo
de sistema, pequenas mudancas em um unico componente podem resultar em importantes
padrdes ndo determinados ao longo da rede de associagdes entre as varidveis inter-relacionadas
que compdem o sistema [5,11].

No desenvolvimento da competéncia motora nao deve ser ignorado que o processo de
desenvolvimento € individual, e depende de fatores ambientais, bioldgicos, cognitivos e sociais,
que podem impactar no desenvolvimento das habilidades motoras fundamentais [5,6,14]. Por
exemplo, uma crianga pode desenvolver e ser proficiente nas habilidades locomotoras em um
primeiro momento, € depois e/ou concomitantemente desenvolver as habilidades motoras que
envolve o controle de objetos (e ndo ser proficiente); outra crianga pode ser proficiente nas
habilidades de controle de objetos, e ndo ter proficiéncia nas habilidades locomotoras; como
também pode ter uma crianga que nao € proficiente em nenhuma habilidade motora
fundamental (mas aprendeu o padrao motor e consegue executar conforme as demandas didrias)
[25-29]. Tudo ird depender do estimulo ofertado (pais, professores, colegas), condi¢des de
pratica (ter recursos e espaco destinado a pratica, escola, clube), composicdo corporal
(obesidade, magreza, peso normal), aspectos cognitivos (motivacdo, competéncia percebida,
funcdes executivas), condi¢des socioecondmicas, etc [30-33].

Através do estudo da complexidade no aspecto das interacdes entre competéncia motora
e correlatos, pode-se inferir que a competéncia motora nao é baseada em padrdes especificos e
predefinidos de aquisi¢ao e profici€éncia das habilidades motoras em momentos especificos
[14,34,35]. Em vez disso, considera tanto a mudanca quanto a auto-organizacdo como
elementos-chave para o desenvolvimento das habilidades motoras [5,14]. Dessa forma, varios

elementos como a composicao corporal, forca e resisténcia muscular, o ambiente, atenc¢ao,
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motivacdo e a instru¢do, podem influenciar a aquisi¢do de habilidades motoras fundamentais
ao longo do processo de crescimento e desenvolvimento infantil [26,30,33,36-38].

As criancas, através das suas caracteristicas pessoais, podem vivenciar os mais
diferenciados estimulos ambientais que contribuem para o desenvolvimento e aprimoramento
da competéncia motora e correlatos, e assim responder as mudancgas de forma individualizada,
ao qual busca-se por meio da auto-organizacdo retomar o controle das situacdes extremamente
desafiadoras [5,15,39]. Por isso, o processo de crescimento e desenvolvimento € continuo e
dindmico, sujeito a perturbacdes que desafiam as criangas a encontrar solucdes para novas
situagdes e problemas [5,6,40].

Um grande desafio observado para testar teorias que tem o foco sobre mudancas no
comportamento humano € ajustar um modelo de processo de mudancga a dados empiricos [41].
Partindo da perspectiva de que cada ser humano pode apresentar ritmos diferentes para
determinados comportamentos, sendo uns mais rdpidos e outros mais devagar, ressalta-se a
importancia de pesquisas longitudinais [42,43]. Nesse sentido, uma andlise profunda de como
ocorre as interacdes entre a competéncia motora e correlatos ao longo do tempo de
desenvolvimento, possibilitard compreender de forma holistica, como todos 0s mecanismos
podem interagir e cooperar para gerar um padrdo motor proficiente na infancia.

Por fim, compreendemos que as perspectivas tedricas que englobam as abordagens
lineares e ndo lineares ndo devem ser consideradas em futuras pesquisas como abordagens
opostas. Pelo o contrério, acreditamos que ambas as abordagens se complementam e podem

fornecer insights importantes no paradigma sobre a mudanga acerca do fendmeno investigado.

5.2 Proposicao Tedrica da Tese

A competéncia motora é definida como o nivel de proficiéncia ou habilidade que um
individuo possui na realizacdo de vdrias habilidades motoras [14,28]. Os estudos sobre a
competéncia motora tém sido cada vez mais ampliados para vérias dreas do conhecimento, a
citar a psicologia, cognicao, atividade fisica e ciéncias da saude [27,35,44,45]. Tal fato retrata
a relevancia das pesquisas sobre esse tema, especialmente a luz do crescimento e
desenvolvimento humano, visto ser um processo repleto de mudancas e transformagdes na vida
da crianga, especialmente na segunda infancia, que foi o foco de investigacao da presente tese

[35,40].
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A competéncia motora € uma varidvel essencial no processo de crescimento e
desenvolvimento infantil, e dessa forma estudd-la possibilitard a compreensdo das intimeras
relacdes estabelecidas com varidveis bioldgicas (por exemplo: idade, sexo, composi¢do
corporal, aptidao fisica), cognitivas (por exemplo: funcdes executivas, competéncia motora
percebida) e comportamentais (por exemplo: a pratica de atividade fisica), que também sdo
conhecidos como correlatos [16,25,38,46—49]. Nesse sentido, existem perspectivas tedricas e
modelos conceituais que buscaram descrever e/ou estabelecer como ocorrem as interagdes da
competéncia motora e correlatos considerando o processo de crescimento e desenvolvimento
infantil [14,49-53].

Para elucidar, na area do desenvolvimento motor e da satde, em 2008 Stodden et al.
[14], propuseram um modelo tedrico com a finalidade de entender a relagdo emergente entre
competéncia motora, atividade fisica e risco de obesidade em criangas e adolescentes. O modelo
€ composto por dominios bioldgico, psicolégico, comportamental, social e de satde, e perpassa
o entendimento na perspectiva de desenvolvimento humano [14]. Dentre as intmeras
associacOes entre varidveis de satde, bioldgica, psicoldgica e comportamental proposta no
modelo, as relacdes da competéncia motora e correlatos ao longo da infancia e adolescéncia
ainda ndo parecem ser claras [26,28].

Sumariamente, o modelo conceitual estabelece uma relacdo principal e direta entre
competéncia motora e atividade fisica, na qual pode ser influenciada por varidveis mediadoras,
compreendidas como competéncia motora percebida e aptidao fisica relacionada a satde [14].
Adicionalmente, 0 modelo proposto também pressupde que os niveis de competéncia motora e
atividade fisica podem contribuir para o aumento ou redugio do risco de obesidade (conforme
as relagdes anteriormente mencionadas), e consequentemente gerar impactar na composi¢cao
corporal, o que poderd influenciar o grau de desenvolvimento da competéncia motora gerando
um efeito de espiral e retroalimentacdo (Figura 1) [14]. Nesse sentido, analisar os aspectos
relacionados ao desenvolvimento motor, especialmente a competéncia motora € primordial para

auxiliar na compreensao do porqué as criangas escolhem ser ativas ou inativas [14].
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Figura 1: Modelo conceitual (retirado de Stodden et al. [1]). Mecanismos de desenvolvimento

que influenciam as trajetérias de atividade fisica das criangas.

As relacdes estabelecidas no modelo conceitual tém sido recorrentemente investigadas
desde 2008 [38,54-59]. No entanto, a maioria dos estudos buscou investigar as relacoes
individuais, ndo considerando como esses correlatos interagem para prever posteriormente a
composi¢do corporal de criancas e adolescentes [14,27]. Além disso, a grande maioria dos
estudos apresentam um design transversal e ainda ha poucos estudos longitudinais nessa
vertente [38,50,54,60-62]. Um outro ponto a ser mencionado perpassa em como as relagoes
emergentes no modelo interagem ao longo do processo de crescimento e desenvolvimento
humano [14]. Os autores ndo ditam um caminho a ser seguido, ndo deixam claro se as relacdes
sd0 as mesmas ou se diferem entre os sexos, e ndo consideram o fator idade (apenas definem as
fases da infancia), fazendo com que a literatura explore as relacdes presentes no modelo da
forma que seja vidvel e producente aos olhos do pesquisador ou grupo de pesquisa, dificultando
assim as comparacdes e reprodutibilidade das pesquisas [14].

Outro aspecto que carece de investigacdes e nao estd claramente elucidado no modelo
conceitual proposto por Stodden et al. [14], diz respeito sobre as interacdes entre competéncia
motora, atividade fisica e cogni¢do no processo de crescimento e desenvolvimento humano. A
cognicao consiste em processar as informacgodes de qualquer conteido do conhecimento através

de atividade da mente [63]. Em geral, as atividades fisicas que envolvem uma ampla gama de
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habilidades motoras fundamentais ou mesmo contemplem o fortalecimento de habilidades
motoras especificas podem contribuir para o desempenho cognitivo [64]. Nesse sentido, ha
investigacdes que buscaram estabelecer relagdes ainda que parciais (ou em pares) entre
atividade fisica e cogni¢do, competéncia motora e cogni¢do [65—68].

A exemplo dos estudos que objetivaram compreender a relac@o entre atividade fisica e
cognicdo, Howie e Pate [65], conduziram uma revisdo de literatura numa perspectiva historia
sobre a ciéncia da atividade fisica e o desempenho académico em criangas, no qual propuseram
uma relacao hipotética entre atividade fisica e desempenho académico (Figura 2). Segundo os
autores, o desempenho académico € um processo complexo que leva em consideracdo a
cognicdo, engajamento escolar e conhecimentos especificos do individuo [65]. Assim, as
funcgdes cognitivas foram consideradas varidveis mediadoras perante as multiplas varidveis
consideradas na relacao hipotética [65]. O que chama a aten¢do nessa relagdo hipotética € o fato
que a prética de atividade fisica e suas distintas expressoes (consideradas no estudo — aptidao
fisica e participacdo em esportes) tem efeito positivo sobre as fungdes cognitivas, e estas atuam

positivamente no desempenho académico [65].

Physical — Cognitive — Academic
activity functions achievement
e o A
R R 1 Executive | P e —— 1
= i : ! I Classroom |
I Fitness I function ! i i
i i S e it — I grades i
, RS Ry SR ] | :—- S e e L. R S e |
--------- | IS aesm————
E Physical : Attention {Standa:dszed I
L e R H
I activity i e e tests
Dokt (PORS ' PN g NP
A AR 1 Memory R T =
! Sports L_ I Classroom |
I participation G A I behavior |
e : Intelligence ]
1 quotient (10,
iibalhd o &

Figura 2: A relacdo entre atividade fisica, fun¢des cognitivas e desempenho académico.

Adaptado de Howie e Pate [65].

Adicionalmente, Tomporowski et al. [66], propuseram uma extensdo da relacdo
hipotética proposta por Howie e Pate [65]. O modelo proposto inclui tanto a cogni¢cdo quanto a
metacognicdo como mediadores da relacdo entre atividade fisica e desempenho académico
(Figura 3). Segundo os autores, examinar como o exercicio fisico influencia o processamento

executivo rdpido e o planejamento estratégico mais lento pode ajudar os pesquisadores a
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entender melhor como diferentes tipos de atividade fisica afetam o desempenho (fisico,

cognitivo e académico) das criancas em condi¢des do mundo real [66].
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Figura 3: Relagdo entre atividade fisica, cogni¢do, metacogni¢do e desempenho académico.

Retirado de Tomporowski et al. [66].

Os modelos de Howie e Pate [65] e Tomporowski et al. [66]apresentam pontos em
comum para a relacdo entre atividade fisica e fun¢des cognitivas, com desfecho no desempenho
académico das criangas [65,66]. No entanto, ao considerar o periodo de crescimento e
desenvolvimento infantil, muitas questdes ainda ndo parecem claras. Ambos os trabalhos ndo
deixam claro se as relagdes permanecem constantes ou se alteram ao longo do tempo; se existem
outras varidveis moderadoras ou mediadoras que podem interagir na relagdo principal; se existe
uma perspectiva da linearidade nestas relacdes ou faz-se necessdrio ter uma perspectiva
holistica sobre o papel da atividade fisica para a cogni¢do e o desempenho académico das
criangas [66]. Assim, abre-se um espaco para estudos futuros que possam explorar as lacunas
observadas.

Em uma outra vertente, um texto editorial recentemente publicado na Frontiers in
Physiology por Pesce et al. [68], buscou descrever sobre trés caminhos (ou dreas) cientificos:
atividade fisica, pesquisa cognitiva e competéncia motora. Falando especificamente da
competéncia motora, os autores defendem a ideia de que uma avaliacdo mais abrangente da
competéncia motora e como ela se desenvolve ao longo do tempo deve incluir tarefas que
incorporem a integracdo das habilidades cognitivas (também conhecidas como fungdes
executivas), com a finalidade de encontrar uma solucao ideal para atingir o objetivo da tarefa
[68]. Além disso, os autores também propdem que as pesquisas em neurociéncia do

desenvolvimento devem olhar integralmente para atividade fisica e competéncia motora como



48

um dos meios para auxiliar o desenvolvimento cognitivo — especialmente as fun¢des executivas
[68].

O texto editorial abriu um leque de oportunidades para comunidade académica, visto
que apesar da necessidade de avaliacdo mais aprofundada entre competéncia motora e fungdes
executivas, as ideias propostas estimulam avangos na drea e podem ser usados como ponto de
partida para avaliar a satiide de criangas e adolescentes ao longo do tempo de desenvolvimento
de forma mais holistica [68]. Nesse sentido, Lima et al. [67] propuseram uma extensao da
estrutura do modelo conceitual de Stodden et al. [14], adicionando trés desfechos relacionados
a saude ao modelo (Figura 4). Assim, € incluido no modelo as varidveis adicionais: cognicdo e
desempenho académico, saide metabdlica e a saide mental, que poderd orientar futuras
pesquisas sobre saude, qualidade de vida e bem-estar de criangas e adolescentes [67].

A proposic¢do € de que a relagdo entre competéncia motora e atividade fisica (mecanismo
primdrio) terd como um dos desfechos de saide a cognicdo, o que eventualmente possibilitard
uma compreensao mais detalhada acerca dessas interagdes [67]. No entanto, as relacdes entre
competéncia motora e as habilidades cognitivas ainda sdo pouco claras ou inconsistentes,

principalmente no que se refere ao grau e estabilidade dessas associagdes [36,69].
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Perceived
Competence

Cognition and
- Academic performance

7
y= Y
’) /’

/l’ -

i -
ol
i
0.

Motor P I . . A
Competence PR, i Weight Status | €

L o
[ ~ 1
e >y
G
n T
~
o
s,
T
~4
~o \

- Mental health

Physical
Activity

Metabolic health

1

Health-related
Fitness

Block A

Block B | Block C

Figura 4: Proposta de extensdao do modelo de Stodden et al.[14]. Retirado de Lima et al. [67].

Em sintese, as perspectivas tedricas € modelos conceituais previamente descritos
forneceram o conhecimento acerca das interacdes da competéncia motora e seus correlatos até
certa parte, onde as relacdes foram testadas de forma parcial e fragmentadas, possibilitando a
compreensdo entre pares de varidveis de forma isolada com potenciais beneficios a satde das

criancas [14,65-67]. Por exemplo, estudos testaram a relacdo entre competéncia motora e
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atividade fisica [59,70], enquanto outros analisaram a relacdo entre competéncia motora e
composi¢cdo corporal [38], competéncia motora e funcdes executivas [16]. Essas relacdes
parciais evidenciam uma limitagao no que se considera testar as interagdes entre a competéncia
motora e os diferentes dominios do desenvolvimento de forma sinérgica [5].

No que diz respeito a competéncia motora, esta € um constructo relevante no processo
de crescimento e desenvolvimento infantil, devido a sua potencialidade na reducdo de
iniquidades em termos de satude [26,27,71]. Assim, pode-se dizer que a competéncia motora e
seus correlatos apresentam caracteristicas que sdo por si complexas e dificeis de serem
explicadas a partir de olhares uni e bidirecionais ou mesmo lineares [5]. Dessa forma, ressalta-
se a importancia das pesquisas sobre esse tema com a necessidade de novos olhares em termos
epistemoldgicos, tedricos e estatisticos, na tentativa de explicar os fendmenos contemporaneos
relacionados a competéncia motora a luz do crescimento e desenvolvimento humano [6].

A priori, é necessario compreender de forma holistica e integrada que existem multiplas
interacdes entre a competéncia motora e seus correlatos ao longo do processo de crescimento e
desenvolvimento infantil [26-28,49]. Para isso, € preciso mudar o paradigma e ir além do
pensamento reducionista que “determina que qualquer sistema, independente da sua natureza,
pode ser decomposto e estudado em suas partes constituintes” [6], € ter uma visdo de mundo
holistica, que compreende o mundo como um todo integrado, € ndo apenas como uma colec¢ao
de partes dissociadas [8].

Nesse contexto, a presente proposi¢ao tedrica da tese parte do pressuposto de que o
crescimento e desenvolvimento € inerente ao ser humano, por isso 0 compreendemos como um
processo que representa o “todo” e a partir dele ocorrem as mudangas e transformagdes nos
dominios fisico, bioldgico, comportamental, cognitivo e socioemocional [40,72].

Em uma primeira andlise, o processo de crescimento e desenvolvimento humano,
especialmente o desenvolvimento infantil (que € o foco desta tese), a literatura é bem clara no
que tange a importancia de criancas e adolescentes desenvolverem suas habilidades,
capacidades e competéncias na infincia e em fases posterior, a fim de formar individuos
sauddveis, ativos, autbnomos, responsaveis, criativos e capazes de lidar com os desafios da vida
[52,72-74]. Algumas das habilidades e competéncias sdo importantes de serem desenvolvidas
na infancia e adolescéncia, das quais incluem a profici€éncia motora, ser e estar ativo e apto
fisicamente, além da capacidade de resolver problemas, trabalhar em equipe, ser proativo, ter
empatia saber lidar com as emocgdes, tomar iniciativa, ser criativo e pensamento critico, € tomar
decisdes [15,75]. Por essa razdo, é fundamental que os pais, educadores e a sociedade como um

todo se empenhem em proporcionar as criancas e adolescentes experiéncias variadas e
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enriquecedoras, que permitam o desenvolvimento dessas habilidades e competéncias [18,76].
Isso pode incluir inimeras atividades fisicas, esportivas, culturais, artisticas, de lazer, além de
um ambiente educacional que seja estimulante, desafiador e inclusivo [32,77].

Nesse sentido, propde-se que associado ao processo de crescimento e desenvolvimento,
estd a competéncia motora, em virtude das suas interconexdes com dominios biolégicos
(compreendidos na tese como sexo, indicadores de adiposidade e aptidao fisica),
comportamentais (atividade fisica), cognitivos/psicolégicos (func¢des executivas, competéncia

motora percebida) e sociodemogréficos (idade) [26,49,56] (Figura 5).

Figura 5: Mecanismos do crescimento e desenvolvimento infantil: interacdes entre
competéncia motora e correlatos numa perspectiva holistica em termos de saide. Nota:
Algarismos ardbicos (1 a 4) representam as possiveis relagdes entre a competéncia motora e
dois correlatos, enquanto que as letras alfabéticas (de A até D), denotam as possiveis relacoes

entre a competéncia motora e trés correlatos.

Assim, sabe-se que as interacdes da competéncia motora e correlatos sao bem
documentados na literatura [36,56,58,59,62]. No entanto, muito do conhecimento que temos
atualmente partiu de investigagdes que exploraram as relagdes de forma parcial, ou seja,
testaram relacdes entre duas ou trés varidveis fornecendo insights de forma isolada [5]. Desta

forma, ndo menos importante, buscamos apresentar essas relagdes parciais em um modelo que
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contemple as interagdes entre competéncia motora e correlatos no periodo da segunda infancia,
assim como trazer um olhar mais integrador e sistémico que vise englobar o “todo” (Figura 5).

Na figura 5, é apresentado um modelo que retrata os mecanismos do crescimento e
desenvolvimento infantil e as interacdes entre a competéncia motora e correlatos numa
perspectiva holistica da satide. Nesta representacao, os algarismos ardbicos (1 a 4) demonstram
as possiveis relagdes entre a competéncia motora e mais dois correlatos, enquanto as letras (A,
B, C e D) ilustram as possiveis interacdes entre competéncia motora e mais trés correlatos. Para
esclarecer, em “1” observa-se as possiveis interagdes entre atividade fisica, funcdes executivas
e competéncia motora; em “2” as interacdes entre atividade fisica, competéncia motora
percebida e competéncia motora; em “3” as interagdes entre competéncia motora percebida,
aptidao fisica e competéncia motora; e em “4” as interacdes entre aptiddo fisica, funcdo
executiva e competéncia motora. Por sua vez, na letra “A” sdo mostradas as relacdes entre
funcdo executiva, atividade fisica, aptidao fisica e competéncia motora; em “B” as relagdes
entre funcdes executivas, atividade fisica, competéncia motora percebida e competéncia
motora; em “C” as relagdes entre atividade fisica, competéncia motora percebida, aptidao fisica
e competéncia motora; e “D” as relagdes entre competéncia motora percebida, aptidao fisica,
funcdes executivas e competéncia motora (Figura 5). Portanto, através do modelo é possivel
que se apresente relacdes parciais e ainda fragmentadas entre a competéncia motora e
correlatos.

A contribuicdo da presente tese € de esclarecer que para além das relacdes parciais, €
possivel direcionar o olhar sisttmico e integrado para as multiplas interacdes entre a
competéncia motora e correlatos ao longo do processo de crescimento e desenvolvimento na
perspectiva da sadde infantil. Desse modo, ao observar cada varidvel presente no modelo
(atividade fisica, competéncia motora percebida, aptiddo fisica e funcio executiva), € provavel
que todas as varidveis interajam entre si ao longo do processo de crescimento e
desenvolvimento com vistas a promog¢ao da sadde (e estas relacdes podem se estabelecer de
forma nao-linear) (Figura 5).

Assim, a ideia ndo € apenas mostrar que ha uma mudanca de paradigma (das relacdes
parciais/lineares para relacdes complexas e ndo-lineares), mas compreender que, se antes toda
a atencdo era para entender a relacio entre a competéncia motora e atividade fisica, competéncia
motora e aptidao fisica e etc., (vistas de forma fragmentada), agora, na visd@o dos sistemas
complexos, busca-se olhar se a relagdo entre competéncia motora, atividade fisica, competéncia
motora percebida, aptiddo fisica e fungdes executivas estabelecem padrdes que se sustentem ou

nao ao longo do tempo. E vdlido mencionar que os sistemas complexos sdo caracterizados por
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uma interconexdo dindmica de elementos que evoluem ao longo do tempo, frequentemente
exibindo comportamentos nao-lineares e emergentes [5]. Isso significa que os padrdes que
surgem nesses sistemas podem ser altamente varidveis e imprevisiveis. Portanto, os seres
humanos sdo exemplos de sistemas complexos [5,6]. Os comportamentos, pensamentos,
emocgdes e interagdes sdo influenciados por uma ampla variedade de fatores, tornando dificil
prever com precisdo como as pessoas vao se comportar em diferentes situagdes [5,6]. Além
disso, as interacdes entre os individuos e o ambiente podem gerar resultados inesperados e ndo
lineares [5].

Diferentemente das perspectivas tedricas e modelos conceituais descritos previamente,
pressupde-se que na proposicdo tedrica para da presente tese, a complexidade e a ndo-
linearidade sdo elementos que devem ser considerados [5]; além disso, supOe-se que as
interacOes entre a competéncia motora e seus correlatos podem ocorrer distintamente entre os
sexos (consoante as caracteristicas individuais que lhes sdo atribuidas); que a idade é um fator
que deve ser considerado ao longo da segunda inféncia, visto que as intera¢des podem ocorrer
de forma distinta para cada faixa etdria (considerando o mesmo individuo); e que as relagdes
entre a competéncia motora e correlatos podem ser fortemente conectadas ao considerar
determinados desfechos de satde (por exemplo, indicadores de adiposidade).

Adicionalmente, € importante considerar que as relacdes entre a competéncia motora e
correlatos podem se manifestar de maneira distinta ao longo do tempo em criangas com
diferentes niveis de competéncia motora (por exemplo, alta e baixa). E possivel que os padroes
de interacao estabelecidos, representados como redes, sofram alteracdes ou mesmo flutuam a
medida que o processo de desenvolvimento avanca [5]. Deste modo, um correlato que possui
um papel periférico em uma rede de interagdes pode assumir uma posicao central em outra rede,
a medida que as criangas progridem em seu desenvolvimento. Isso destaca a natureza dinamica
e adaptativa das relacdes entre a competéncia motora e correlatos, sendo importante reconhecer
essa complexidade na andlise das interacdes, pois ela pode ter implicacdes significativas para a
compreensdo e promocao da saide infantil.

Além disso, supde-se que as relacdes entre a competéncia motora e correlatos tendem a
expressar distintamente ao longo do tempo em criangas com diferentes niveis de competéncia
motora, sendo que os padrdes estabelecidos (em redes) se alteram conforme o tempo de
desenvolvimento. Assim, um correlato que € periférico em uma rede pode ser central em outra
rede.

Nessa perspectiva, a presente proposi¢ao tedrica teve como objetivo apresentar um novo

olhar sobre a competéncia motora e seus correlatos associados ao crescimento e
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desenvolvimento infantil numa perspectiva holistica em termos de satide. Assim, buscou trazer
um olhar epistemoldgico que considera o estudo da complexidade, possibilitando a
compreensdo de que todos os mecanismos relacionados com a competéncia motora interagem
e cooperam para gerar um padrdo motor proficiente e como consequéncia, uma melhor

qualidade de vida e satide das criangas.

5.3 Crescimento e Desenvolvimento Infantil

Virios estudos investigaram o crescimento e desenvolvimento infantil e contribuiram
substancialmente com o corpo tedrico, a fim de possibilitar a compreensdo acerca dos fatores
bioldgicos e ambientais que influenciam nesses processos [78—81]. Por exemplo, os estudos
longitudinais que acompanharam o crescimento e o desenvolvimento de criangas ao longo do
tempo forneceram informagdes importantes sobre as maneiras pelas quais a genética, a nutri¢cao
e os fatores ambientais podem influenciar o crescimento e o desenvolvimento [42,81,82]. Esses
estudos buscaram compreender como a complexa interagdo entre fatores bioldgicos e
ambientais podem contribuir para os resultados de satide da populagdo pediatrica [82]. Assim
como a promocdo de intervencdes eficazes podem ser capazes de alcancar tais proposi¢oes
(estilo de vida sauddvel na infancia) [83]. Em sintese, algumas evidéncias mostraram que
determinadas intervengdes na primeira infancia, como programas de visitas domiciliares e a
pratica regular de atividade fisica ao longo da infincia, podem ter efeitos duradouros no
desenvolvimento fisico, motor e cognitivo, no crescimento, bem como nos comportamentos e
habitos sauddveis das criancas [83,84].

De forma geral, o processo de crescimento decorre em uma velocidade elevada até por
volta dos dois anos de vida, e depois observa-se um declinio na aceleracdo e velocidade deste
crescimento, atingindo um “platd” por volta dos cinco anos de idade, quando observa-se uma
estagnacdo na aceleracdo desta taxa [85]. A partir do quinto ano de vida, a velocidade de
crescimento torna-se constante, onde inicia-se um periodo de maior crescimento, em média de
cinco a seis centimetros ao ano, até o inicio do estirdo de crescimento e/ou pico de velocidade
de crescimento, na adolescéncia (que geralmente ocorre por volta dos 10/11 anos de idade nas
meninas e dos 11/12 anos nos meninos), € tal como ocorre o primeiro pico (por volta dos dois
anos de idade), a aceleracdo comeca a declinar [85]. Assim, acompanhar € monitorar as
mudangas que ocorrem relativas ao crescimento € desenvolvimento nas fases da infancia e

adolescéncia, sdo questdes relativamente desafiadoras para muitos pesquisadores [83].
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A infancia € um periodo marcado por inimeras mudancas e transformacdes na vida da
crianga, e pode ser dividida em trés fases, com base em estdgios e marcos de desenvolvimento
[14,52,72].

A primeira infancia ou anos pré-escolares: ¢ compreendida por criancas entre dois anos
de vida até os cinco anos de idade [52,85]. Durante esta fase, as criangcas experimentam um
répido crescimento e desenvolvimento fisico, motor e cognitivo [40,52]. As crian¢as comeg¢am
a desenvolver as habilidades de linguagem, habilidades motoras fundamentais e habilidades
sociais, e muitas das vezes sdo curiosas € ansiosas para explorar o ambiente ao seu redor [72].
Além disso, a taxa de crescimento tende a ser proporcional entre os sexos, assim como a
mensuragdo do tecido adiposo antes dos seis anos de idade tende a revelar um padrdo similar
para meninos e meninas [40,52].

A segunda infincia, meia infancia ou infincia intermedidria: € periodo que abrange os
anos do ensino fundamental, compreende criancas no intervalo etério entre seis anos até os 10
ou 11 anos de idade (variando consoante autor de referéncia) [14,52,85]. Durante esta fase, as
criangas continuam a desenvolver as suas competéncias (fisicas, motoras, cognitivas e sociais)
e comegam a ganhar mais independéncia e responsabilidade [52,72]. Além disso, as criangas
podem se interessar mais por atividades académicas e passam a desenvolver um senso de
identidade propria [72]. Essa € uma fase fundamental de avaliacio e monitoramento do
crescimento e desenvolvimento infantil, dado a inser¢dao da crianca no ambiente escolar, em
que diversos, habitos, capacidades e habilidades sdo aprendidos e moldados [42,85]. A medida
que as criangas permanecem mais tempo na escola e interagem com seus colegas e professores,
comecam a ser expostas a novas normas € expectativas sociais € comportamentais que antes
ndo existiam [83,85]. Assim, elas tendem a desenvolver e aprimorar importantes habilidades
fisicas, motoras, cognitivas e académicas que serdo a base para o desenvolvimento futuro
[52,85].

Terceira infancia e/ou adolescéncia: geralmente € um periodo mais arbitrario de
identificar, por ser uma fase bastante varidvel, sendo um periodo de transi¢ao entre a infancia e
a vida adulta [72]. De acordo com a Organiza¢do Mundial da Saude (OMS), a adolescéncia
pode ser compreendida entre os 11 e os 19 anos de idade [86]. Vérias mudancas de ordem
fisicas, psicoldgicas e sociais ocorrem nesta fase da vida, propiciando aos adolescentes
experimentar alteracdes no humor, desenvolver comportamento de risco a saude, além de
apresentar uma maior consciéncia pro-social [86,87].

Embora esses estigios sejam geralmente reconhecidos e possam ser uteis na

compreensdo das trajetdrias de desenvolvimento tipicas, € importante observar que cada crianca
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¢ tnica e pode ndo se encaixar perfeitamente nessas categorias [72,85]. Além disso, o tempo e
a natureza dos marcos de desenvolvimento podem variar amplamente, dependendo de fatores
biolégicos, comportamentais, cognitivos e sociais [72].

Na compreensdo dos mecanismos que ocorrem na infancia (especialmente a segunda
infancia, que € o foco de atencdo desta tese), o que se percebe € que existe um complexo sistema
que envolve todo este processo [5]. Fisicamente, a segunda infancia é um periodo de
crescimento relativamente lento e estdvel em comparacdo com o rapido crescimento que ocorre
durante a primeira infancia [40,52]. Entretanto, as criangas continuam a desenvolver suas
habilidades motoras finas e grossas, e podem iniciar a prética de esportes e outras atividades
fisicas (sistematizadas ou ndo) que lhe deem prazer e satisfacdo [40,52]. Na parte cognitiva, é
um periodo de crescimento intelectual significativo, pois as criangas desenvolvem habilidades
de linguagem e alfabetiza¢cdo mais avancadas, assim como habilidades de raciocinio e resolucao
de problemas e outras funcdes cognitivas de ordem superior (conhecidas também como fungdes
executivas) [15]. No aspecto social e emocional, ocorre uma maior socializacao e interacdo com
os pares, dado as criancas comecarem a formar relacionamentos sociais mais complexos e
aprenderem a navegar pelas normas e expectativas sociais [73]. Assim, todos esses aspectos
(bioldgicos, comportamentais, cognitivos e sociais) parecem estar inter-relacionados e podem
influenciar uns aos outros, tornando importante a adocdo de estratégias e abordagens mais
integradas para entender o crescimento e o desenvolvimento da crianga [5,6].

Em sintese, a partir de uma visdo sist€émica e integradora do crescimento e
desenvolvimento infantil, possibilitard aos pesquisadores, profissionais da saude, dentre outros,
observar de maneira sinérgica todas as interacdes que sdo decorrentes desse processo de
mudanca [5,6,10]. Assim, apoia-se que estudos de delineamento longitudinais devem ser
conduzidos, dada a possibilidade de visualizar os processos que caracterizam as mudangas de
cada crianca ao longo do tempo de desenvolvimento principalmente no que tange as interacdes
entre a competéncia motora e correlatos, bem como possibilitar a compreensdo dos fendmenos
a partir de uma visdo mais integrada e sistémica e ndo apenas como fatos isolados e/ou

fragmentados.

5.4 Competéncia Motora Real

Atualmente, diversos termos sdo recorrentemente usados dentro do desenvolvimento

motor [52]. A quantidade de termos existentes na literatura gera confusdo acerca da
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terminologia empregada nas vdrias disciplinas e subdisciplinas que investigam o movimento
humano, o que implica em uma variedade de termos que sdo usados para descrever os niveis de
habilidades de movimento [88]. Tais implicacdes podem ser problemadticas, dado que as
defini¢des de termos especificos podem descrevé-los de forma imprecisa e, ou podem ser
usados alternadamente para caracterizar o mesmo fendmeno [88,89].

A competéncia motora ¢ um bom exemplo desse conflito, uma vez que, muitas
terminologias sdo usadas como sindnimas para expressar a competéncia motora, adequando-se
0 uso de um ou outro termo escolhido consoante o interesse do pesquisador [14,28,52]. Por
exemplo, termos como proficiéncia motora [25], proficiéncia em habilidades motoras [90,91],
coordenagdo motora grossa [92,93], habilidades motoras fundamentais [29,94], e habilidades
motoras grossas [95,96] sdo frequentemente reportados como sindnimos de competéncia
motora. Nesse sentido, ainda ndo hd um consenso entre as pesquisas para designar o conceito
de competéncia motora [28] sendo, portanto, considerado um termo mais amplo e popularmente
conhecido como “guarda-chuva”, usado para descrever movimentos grosseiros direcionados a
objetivos que envolvam grandes grupos musculares ou o corpo todo [27].

Outro exemplo de conflito das terminologias ¢ o termo ‘“habilidade motora
fundamental” que geralmente ¢ usado em diferentes contextos, € uma variedade de termos como
“padrao de movimento”, “padrao motor”, “padrdo motor fundamental”, “habilidade de
movimento”, ‘“habilidade motora grossa”, “capacidade”, “habilidade de movimento
fundamental” sdo frequentemente usados como sinénimos na literatura [49,52,88,89].

E importante compreender como os pesquisadores conceituam, operacionalizam e
mensuram as habilidades motoras fundamentais e a competéncia motora, a fim de permitir a
comparacdo dos resultados entre os estudos [28,88,97]. Assim sendo, para os propdsitos da
presente tese e a fim de deixar claro para o leitor em virtude do conflito existente no arcabougo
tedrico, optou-se por considerar os termos “habilidade motora fundamental” e “competéncia
motora”. Quando empregado o termo “habilidade motora fundamental” o foco foi em
compreender os padrdes de movimento fundamental (locomog¢do, manipulacdo e/ou controle
de objetos e estabilidade) realizados numa sequéncia coordenada, ou seja, as habilidades
motoras que sdo amplamente conhecidas (correr, lancar, rolar, etc.) [14,88]; o termo
“competéncia motora”, foi usado a fim de retratar a capacidade de a crianga executar diferentes
atos motores, incluindo a proficiéncia em habilidades motoras fundamentais (que envolve
precisdo, controle e eficiéncia), necessarias para gerir as tarefas cotidianas e realizar atividades
fisicas mais complexas, como as recrutadas nos jogos e esportes, bem como a se obter também

trajetdrias positivas de saude [14,26,28,97].
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A primeira infancia é um periodo critico para o desenvolvimento motor da crianca [52].
Durante os primeiros anos de vida, o cérebro da crianga esta se desenvolvendo rapidamente e o
sistema nervoso central estd amadurecendo [52,53]. A partir do nascimento, a crianca comega
a explorar o mundo ao seu redor através dos sentidos e do movimento, o que € essencial para a
construcdo de habilidades motoras [52]. Fatores como a genética, o ambiente em que a crianca
vive, a nutri¢do, a pratica de atividade fisica, o estimulo sensorial e a qualidade do sono podem
influenciar diretamente nesta fase da vida [96,98,99]. A medida que a crianga cresce € se
desenvolve ela precisa de espago seguro para brincar, uma vez que os padroes motores sao mais
influenciados pela instrucdo e encorajamento, fornecendo assim o desenvolvimento da
proficiéncia motora em uma série de tarefas fisicas e motoras [52].

A transicdo da primeira para a segunda infancia é marcada por um acentuado
crescimento fisico, além de as criangcas demonstrarem niveis varidveis de atividade fisica e de
competéncia motora, as quais parecem estar fracamente relacionadas neste ponto do tempo de
desenvolvimento [14,100]. Essa fraca relacdo pode ser decorrente das diferentes oportunidades
de prética das criangas [96,101,102]. Diversos fatores podem influenciar diretamente a pratica,
incluindo: ambiente construido, estado socioecondmico, jogo ativo, transporte ativo, estratégias
e investimentos governamentais direcionados para a promocao da atividade fisica na infancia,
influéncia dos pais, clima e presenca de aulas de educacao fisica estruturada [18,103,104]. Cabe
aqui destacar que aulas de educacdo fisica estruturada, especialmente no Brasil, ndo sdo
obrigatdrias nos anos pré-escolares [85]. Este fato pode vir a ser um “problema” futuro no que
tange da competéncia motora e pratica de atividade fisica de criancas brasileiras [105]. Visto
que as evidéncias indicam que o estimulo para a pratica de atividade fisica nessa fase da vida
proporciona mais oportunidades para promover o desenvolvimento fisico (compreendido
também como aptidao fisica) e neuromotor, o que por sua vez promove o desenvolvimento das
habilidades motoras fundamentais [18,106].

Na segunda infancia e também na infancia tardia (popularmente conhecida como
adolescéncia), a relagdo entre atividade fisica e a competéncia motora tende a se fortalecer em
virtude do repertorio motor e oportunidades de pratica que as criangas adquirem [14,100]. Além
disso, as habilidades motoras fundamentais das criangas melhoram a medida que o crescimento
fisico e o ambiente estdo mudando [52]. Ou seja, a diversidade de préticas ao longo do tempo
exige que o desenvolvimento seja flexivel e adaptavel [96,101]. Assim, as restri¢des individuais
e ambientais que operavam durante a primeira infincia, ao longo da segunda infancia e
adolescéncia poderd agravar-se e resultar numa relagdo mais forte entre a competéncia motora

e a atividade fisica a medida que a crianca perpassa cada uma dessas fases [26].
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De modo geral, espera-se que o ambiente de aprendizagem (ou seja, 0 contexto em que
a crianga estd inserida) ofereca condi¢des bdsicas para o desenvolvimento e aprimoramento da
competéncia motora, e que possibilite uma maior interagao entre o individuo, o ambiente, bem
como a tarefa a ser promovida [52]. Esses fatores podem influenciar o desenvolvimento da
competéncia motora por meio de suas interacdes mutuas, embora alguns dos fatores possam ser
mais importantes do que outros em determinado momento do processo de crescimento e
desenvolvimento infantil [97].

Resultados de pesquisas prévias sugerem que o desenvolvimento e aprimoramento da
competéncia motora ao longo da infincia pode estar relacionada com varidveis
bioldgicas/individuais (sexo, idade, indicadores de adiposidade, aptidao fisica), ambientais e
comportamentais (escola, ambiente doméstico, locais para a pratica de atividade fisica
organizada, atividade fisica), cognitivos e psicologicos (habilidades cognitivas e competéncia
motora percebida) e especificos da tarefa (tarefas individuais, em duplas, etc.) [25,38,45—
47,49]. No entanto, as pesquisas retrataram os resultados de forma fragmentada, ou seja, repleta
de resultados parciais e situacdes contraditorias, dificultando conclusdes consensuais, €
desconsideraram as interagdes multiplas como uma alternativa valida e integrada de analisar e
interpretar os achados [5,8].

A competéncia motora desempenha papel importante no crescimento e desenvolvimento
infantil, dado que estudos t€ém mostrado que as criancas que nao adquirem e desenvolvem as
habilidades motoras basicas podem ter mais dificuldades em atividades fisicas futuras e tendem
a ser menos ativas fisicamente do que seus pares [98,100]. Niveis adequados de competéncia
motora possibilita que as criancas participem de atividades tipicas de sua idade e nivel de
desenvolvimento, assim como desenvolvam sequéncias de movimento mais especializadas e
diversificados, como os exigidos em esporte especifico (por exemplo, arremesso no handebol)
e habilidades recrutadas em atividades fisicas ao longo da vida (por exemplo, ciclismo e
natacio) [29,49,88,89,107]. Além disso, as criangas que apresentam bons niveis de competéncia
motora, tendem a apresentar melhores funcdes executivas, se relacionam melhor com os pares,
apresentam melhor desempenho no ambiente escolar (desempenho académico), tem uma maior
rede de interagdes sociais (amizade), sdo mais aptas e ativas fisicamente e apresentam status de
peso corporal saudavel [16,35,84,102,108].

Todavia, a prevaléncia de criancas classificadas como tendo baixa competéncia motora
aumentou nos ultimos anos [62,93,109]. A baixa competéncia motora pode estar associada a
dificuldade das criancas se envolverem em atividades fisicas, assim como ter um nivel de

confianca reduzido em sua capacidade de realizar atividades fisicas, o que os desencoraja ainda



59

mais a praticar atividades fisicas regulares, e resultar em uma série de resultados negativos para
a saude [26,28,100]. Tal cendrio tem sido reportado em diversos paises ao redor do mundo,
visto que a prevaléncia de inatividade fisica infantil também € alta [62,103,109]. Atrelado a
inatividade fisica e os baixos niveis de competéncia motora ha o aumento da prevaléncia de
sobrepeso e obesidade, assim como o acimulo de fatores de risco relacionados a satide (doencgas
cardiovasculares, diabetes, hipertensdo arterial sistémica, etc.) da populacdo pedidtrica
[38,110].

Nesse sentido, € indispensdvel a necessidade de explorar as possiveis interagdes da
competéncia motora com outras varidveis de saide, como a atividade fisica, aptidao fisica,
indicadores de adiposidade e habilidades cognitivas [16,56,108,111]. Isso porque em uma
abordagem integrativa, essas varidveis podem afetar e serem afetadas pela competéncia motora
da crianca [5,26]. Em outras palavras, as interacOes entre a competéncia motora e correlatos
que estiveram fortemente conectadas em um determinado ponto no processo de crescimento e
desenvolvimento, podem se alterar em outros pontos, principalmente devido a sensibilidade das
condi¢Oes iniciais do sistema [5]. Além disso, € possivel que existem diferencas individuais,
intragrupos e entre os sexos nas diferentes faixas etérias ao longo do tempo de desenvolvimento
nas interacdes dindmicas entre competéncia motora e correlatos [101,112,113].

Nessa perspectiva, estudar os fatores associados a competéncia motora e suas interacoes
dindmicas e complexas ao longo da infincia, € importante para que os professores e
profissionais de saide possam através dos resultados, desenvolver programas de treinamento e
intervencoes que visem melhorar as habilidades motoras fundamentais, a saude e a qualidade

de vida das criancgas.

5.5 Atividade Fisica

Atividade fisica € conceituada como qualquer atividade corporal voluntiria com
envolvimento da musculatura esquelética e que resulte em gasto de energia acima do
metabolismo de repouso [114-116]. A atividade fisica € um comportamento que ocorre
consoante o contexto cultural especifico onde as criangas sdo criadas, além de apresentar
importantes implicacdes bioldgicas/individuais (sexo, idade, indicadores de adiposidade,
competéncia motora e aptidao fisica) e cognitivas (fungdes executivas) que carecem de ser

investigadas de forma integrada [40,116—118].
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Estudos sobre a importancia da pratica regular de atividade fisica como fator de
promocdao a saide sdo bem consolidados na literatura [40,103,116,119—-121], porém a
prevaléncia de baixos niveis de atividade fisica estd elevada em todas as idades [122]. Segundo
a OMS, em 2020, mais de 80% da populagao adolescente mundial ndo € suficientemente ativa
[114]. Em estudo de escala global, Guthold et al. [118] apontam que mais de 81% dos
adolescentes (77,6% do sexo masculino e¢ 84,7% do sexo feminino) ndo atendem as
recomendacdes de exercicios aerdbicos, conforme descrito nas Recomendagdes Globais de
Atividade Fisica para a Saude de 2010 [123]. Embora a prevaléncia de atividade fisica
insuficiente tenha diminuido significativamente entre os anos de 2001 e 2016 para os jovens do
sexo masculino, ndo houve mudanga significativa para o sexo feminino [124]. Assim, a falta de
atividade fisica é um fator de risco importante € bem reconhecido para doencgas nao
transmissiveis ao longo da vida, e a prética de atividade fisica regular € um componente critico
para a promocao e manuten¢do da saide e do bem-estar fisico e mental [103,114,118].

Em paises desenvolvidos, a prevaléncia de inatividade fisica na infancia e adolescéncia
€ relativamente alta [121,122,125]. De acordo com Gu et al. [126] mais de 70% das criangas na
faixa etdria de 6 a 11 anos ndo atendem as recomendagdes de atividade fisica nos Estados
Unidos. Similarmente, Zhu et al. [127]conduziram uma pesquisa de delineamento transversal
no ano de 2017, a fim de mensurar a prevaléncia de atividade fisica da populagao pediatrica na
China. Os autores verificaram que dentre os 131.859 alunos (de sete a 19 anos), apenas 34,1%
de criancas e adolescentes atendiam as recomendacdes de atividade fisica, salientando a
relevancia e urgéncia desses resultados negativos para o publico investigado [127].

No Brasil, as prevaléncias de inatividade fisica variam de acordo com os estudos, com
os procedimentos metodoldgicos utilizados e regides/estados investigados [ 128]. Resultados do
Boletim de Atividade Fisica para criancgas e adolescentes, indicam uma prevaléncia de 31,1%
(em 2018) e 34 a 39% (em 2022) de criancas e adolescentes que atenderam as recomendacoes
de atividade fisica de moderada a vigorosa intensidade (AFMV), ou seja, criancas e
adolescentes que acumulam pelo menos 60 minutos de AFMV por dia [128,129]. O estudo de
tendéncias temporais de atividade fisica e comportamento sedentario de estudantes brasileiros,
realizado por Martins et al. [130], revelou que apenas de 5% a 7% dos adolescentes (com idade
de 11 a 19 anos) eram ativos e ndo sedentdrios nas trés pesquisas realizadas em diferentes anos
(2009, 2012 e 2015). Em outro estudo, conduzido por Aradjo et al. [131] revelou que ao
comparar os dados ano a ano, o nivel de atividade fisica ndo alterou significativamente entre as
criancas de sete a 10 anos; porém, aos 10 anos foi observada uma reducgdo significativa na

atividade fisica, que continuaram diminuido até aos 12 anos. De forma geral, podem ser
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consideradas altas as prevaléncias de inatividade fisica na populacdo pediatrica brasileira, e
falta de padronizagdo dos instrumentos para avaliar os niveis de atividade fisica, bem como a
pouca representatividade de outras regides brasileiras podem ser consideradas como lacunas
importantes de investigacdo [129,130,132].

A recente diretriz sobre atividade fisica e comportamento sedentdrio da OMS (2020),
preconiza que para todas as populacdes e estratos etdrios, fazer alguma atividade fisica € melhor
do que nao fazer nenhuma, porém, mais atividade é melhor para obtencao de resultados ideais
em termos de saude [114]. Além disso, a diretriz refere a importancia da participagdo das
criancgas e adolescentes (entre seis e 17 anos de idade) em atividades fisicas (frequéncia de cinco
dias por semana como critério minimo) com média de 60 minutos didrios em intensidade
moderada a vigorosa, incluindo exercicios aerdbicos [114]. Ademais, as recomendacoes
sugerem que o tempo de exposicao a tela ndo deve exceder duas horas por dia; e atividades que
fortalecam os ossos (como correr ou pular) trés dias por semana devem ser estimuladas [114].
Todas as atividades podem ser na forma de brincadeiras, jogos, esportes, trabalho, transporte,
recreacao, educacdo fisica ou exercicios fisicos, atividades de forca, e devem estar adequadas
ao estagio de desenvolvimento dos sujeitos [114].

No Brasil, o Ministério da Satide (2021), em parceria com varios pesquisadores da drea
da atividade fisica elaboraram o Guia de Atividade Fisica para a Populacdo Brasileira [133].
No guia, sdo detalhadas as informacdes acerca do entendimento da atividade fisica,
exemplificando as intensidades (leve, moderada, vigorosa), além de detalhar as recomendagdes
da prética regular de atividade fisica para criancas, adolescentes, adultos, idosos, gestantes,
pessoas com deficiéncia, bem como boas praticas na educacao fisica escolar [133].

Incentivar e promover a pratica de atividade fisica regular ao longo da infancia pode ser
uma estratégia eficaz no combate a esta epidemia global [122,134]. O estimulo a pratica regular
de atividade fisica na infancia tende a se manter ao longo de toda a vida, ou seja, criangas ativas
e engajadas em atividades fisicas t€m maior probabilidade de continuarem ativas a medida que
envelhecem [19,116]. A assisténcia a essa fase da vida foi identificada como fator influente
para a futura pratica de atividade fisica das criangas, dado que, os héabitos da atividade fisica
regular sdo melhor formados e mantidos se iniciados nos primeiros anos da infancia [19]. Deste
modo, destaca-se a importancia em oferecer para as criangas oportunidades de envolvimento
com uma grande variedade de movimentos desde a mais tenra idade [116,120,135].

Algumas caracteristicas individuais como sexo, idade, escolaridade, competéncia
motora, aptidao fisica, condi¢des socioecondmicas e habilidades cognitivas tém sido estudadas

em uma intensa tentativa de evidenciar aspectos associados a estilos de vida ativos na infancia
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[14,126,127,132,134,136]. Nao ha duvidas de que essas caracteristicas individuais
(compreendidas nesta tese como varidveis) sdo relevantes para uma melhor compreensao dos
fatores associados a pratica de atividade fisica neste periodo da vida [19]. Todavia, os aspectos
relacionados ao comportamento e expressividade dessas varidveis ao longo do tempo ainda sao
escassas e parecem estar fortemente relacionadas a melhores tomadas de decisdo na drea da
saude, especificamente por parte dos profissionais de Educagdo Fisica, mas também por parte
dos familiares e a escola [133].

Encorajar as criangas para a pratica regular de atividade fisica ao longo da infancia pode
atuar como mecanismo primdrio dessas mudangas e ocasionalmente estimular a se tornarem
adultos mais ativos [137]. Desse modo, faz-se necessério considerar que a oportunidade de
vivéncias variadas de pratica de atividade fisica na infancia pode proporcionar as criangas um
estilo de vida saudavel [126,137,138].

Dentre os locais destinados para a pratica de atividade fisica, destaca-se o ambiente
escolar como um espago importante e privilegiado para a promocao da atividade fisica entre
criancas e adolescentes [138,139]. Embora as criangas passem a maior parte do tempo fora da
escola, as escolas ainda sdo o ambiente ideal para promocdo de bons hébitos, diminuir o
comportamento sedentdrio e promover a atividade fisica, pois as criangas passam em média de
quatro a cinco horas do dia dentro da escola, por pelo menos cinco dias na semana [18,137,139].
Desse modo, algumas pesquisas apontam para a importancia do ambiente em que a crianga esta
inserida, bem como das aulas de Educacdo Fisica nos anos iniciais escolares como sendo
componentes essenciais na geracao de um ciclo comportamental virtuoso e de maior aderéncia
a prética de atividade fisica nos anos posteriores [18,117].

Assim, dadas as dificuldades e limitacdes na mensuragdo da atividade fisica, torna-se
necessario o acompanhamento dessa varidvel em criangas, a vistas de fornecer evidéncias de
como a atividade fisica se altera ao longo do tempo de crescimento e desenvolvimento,
especialmente a luz de um olhar mais integrador. Isso possibilitard uma compreensdao mais
completa dos fatores associados a atividade fisica em criancas e ajudar a identificar

intervencoes eficazes para aumentar os niveis e promover estilos de vida sauddveis.

5.6 Aptidao Fisica

Conceitualmente, a aptidao fisica € definida como a capacidade de o individuo estar apto

para todas as suas necessidades do ponto de vista bioldgico, psicoldgico ou social, de modo a
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realizar as tarefas didrias com vigor e disposi¢do, com a auséncia de excessiva fadiga e
despendendo ampla energia para aproveitar o tempo livre [115,140]. De acordo com Caspersen,
Powell e Christenson [115], a aptiddo fisica € um termo global e envolve um conjunto de
atributos que incluem composi¢do corporal, aptidao cardiorrespiratéria, aptidao
musculoesquelética (forca muscular e resisténcia), flexibilidade, agilidade, velocidade, dentre
outros. Assim, a aptiddo fisica é categorizada em aptidao fisica relacionada a saide (associada
com resultados e/ou marcadores de saide) e aptidao fisica relacionada ao desempenho e/ou
performance (também associada com desempenho atlético/esportivo) [115,141].

A aptiddo fisica pode ser pensada como uma medida integrada da maioria, se nio de
todas, as funcdes corporais envolvidas na realizacdo de atividade fisica didria e/ou exercicio
fisico [141]. Esta é arazdo pela qual a aptidao fisica € hoje considerada um dos mais importantes
marcadores de saude, bem como um preditor de morbidade e mortalidade por doencgas
cardiovasculares e por todas as causas [141,142]. O desenvolvimento da aptidao fisica fornece
subsidios para melhoria do estado de saide na infancia, adolescéncia e vida adulta e na velhice
[143].

Apesar das tendéncias naturais, as criancgas tornaram-se menos aptas fisicamente nas
ultimas décadas [59,144]. Estudos observacionais em criangas e adolescentes, mostraram que
as taxas de obesidade aumentaram enquanto que os niveis de aptiddo fisica diminuiram,
observando associagdes inversas entre as componentes da aptiddo fisica e adiposidade
[145,146]. Dados de pesquisas brasileiras apontaram uma prevaléncia de cerca de 40% das
criancas com desempenho na aptidao fisica considerado fraco ou regular entre 2004 e 2015
[147,148]. Na revisdo sistematica conduzida por Pedretti et al. [149], os autores reportaram que
cerca de 27-30% das criancas e adolescentes estdo na zona de risco a saide para o IMC, 70%
apresentam baixos niveis de aptiddo cardiorrespiratoria, e 50 e 60% para flexibilidade e forga e
resisténcia muscular, respectivamente. Em outra recente revisao sistematica realizada por Silva
Junior et al. [150], os autores observaram que menos da metade das criangas e adolescentes
brasileiras de ambos os sexos possuem resisténcia muscular abdominal adequada para a satde,
com as meninas apresentando valores ligeiramente inferiores aos meninos.

O atual cendrio que engloba os baixos niveis de aptidao fisica em criancgas e adolescentes
no Brasil, pode ser atribuido a diversas mudancgas no estilo de vida das criangas [147—150].
Dentre estas mudangas, pode-se considerar o aumento do sedentarismo, resultante de habitos
como o uso excessivo de dispositivos eletrOnicos, a falta de incentivo e educacdo sobre a
importancia da atividade fisica e a baixa disponibilidade de programas de atividade fisica

adequados para essas faixas etdrias em escolas e comunidades tem contribuido para a
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diminuicdo da atividade fisica e consequentemente, para a diminui¢do da aptiddo fisica
[109,151,152].

A infincia e a adolescé€ncia sdo periodos cruciais da vida, uma vez que mudangas
fisioldgicas e psicoldgicas ocorrem nessas idades [40]. A prdpria natureza da crianga aponta
para brincadeiras ativas [18]. Caso as alternativas sedentdrias ndo estejam disponiveis (como
celular, video games, televisdo, etc.), a maioria das criangas ird brincar ou inventar maneiras
ativas de passar o tempo que envolvam a pratica da atividade fisica [133,151]. Essas formas de
brincar podem proporcionar um grande volume de atividades que envolvem uma grande
variedade de movimentos e muitos grupos musculares, o que promove o desenvolvimento da
aptiddo cardiorrespiratéria, forca muscular, resisténcia muscular, velocidade, poténcia e
flexibilidade, dentre outros [72,141,153]. Assim, o estilo de vida e os comportamentos ativos e
sauddveis/nao saudédveis podem ser estabelecidos durante a infincia, e assim influenciar no
estado de saude na vida adulta [141,144].

Além da forte relacdo com a atividade fisica, a aptidao fisica tende a interagir com outras
varidveis bioldgicas (sexo, indicadores de adiposidade, competéncia motora) e cognitivas e
psicoldgicas (funcdes executivas, competéncia motora percebida), € essas interagdes mutuas
podem influenciar no processo de crescimento e desenvolvimento infantil [43,154-160].
Assim, essas interacdes dinamicas e complexas que ocorrem a medida que a crianga cresce e
desenvolve podem apresentar comportamentos ndo previstos, ou seja, emergentes, € assim
contribuir para o desenvolvimento de uma personalidade tnica e sauddvel (ou ndo), nos
dominios fisico, motor, cognitivo e social [12,21].

Nesse sentido, € importante avaliar a aptiddo fisica de criancas e adolescentes para
garantir que eles estejam sauddveis e preparados para realizar atividades fisicas, esportivas e
outras atividades que exijam esforco fisico tanto na infincia quanto na vida adulta [141]. A
avaliacdo das componentes da aptiddo fisica ocorre geralmente através de baterias de testes
como FITNESSGRAM® [161], EuroFit [162], AAHPERHD [163] e PROESP-BR [164],
dentre outras, que sdo recorrentemente utilizadas em pesquisas nacionais e internacionais
[149,165-167]. Em comum, essas baterias permitem a avaliacdo de componentes da aptidao
fisica e, assim, revelar o quadro atual da aptiddo fisica das criancas e assim elaborar estratégias
de enfretamento aos baixos indices ao longo da infancia [161-164].

Em sintese, faz-se necessario o entendimento de como a aptidao fisica se relaciona com
outros mecanismos do crescimento e desenvolvimento, para que assim sejam elaboradas e
pensadas politicas de promocao da satide que possam abordar as barreiras a atividade fisica,

como o acesso a instalacdes esportivas seguras e acessiveis, € promover mais atividade fisica e
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consequentemente a aptidao fisica, fora do horério escolar. Além disso, devem buscar aumentar
o conhecimento e a conscientiza¢do sobre a importancia da aptidao fisica e seus beneficios
positivos para a saude, e ser adaptadas as necessidades especificas da populacao pediatrica a

ser investigada.

5.7 Competéncia Motora Percebida

Durante o processo de crescimento e desenvolvimento humano, o ambiente é
estabelecido como um componente vital na relacdo entre o sujeito e a sua percepcao de
competéncia [17,168]. Esta relacdo é formada por diferentes fatores, que incluem interacdo
social, idade e sexo [169]. A qualidade da interagdo da crianga com o meio (ambiente) pode
proporcionar a mesma a obtengdo de autonomia e autoconfianga em suas habilidades [17,169].
Sentir-se competente e capaz de realizar, resolver ou avaliar determinadas tarefas sdo
caracteristicas psicoldgicas que estdo diretamente relacionados com a autopercepcdo de
competéncia ou competéncia percebida [168—170].

Nessa perspectiva, a competéncia percebida passa a ser um indicador valioso do “eu”,
especialmente na infancia, sendo este “eu” na infancia o produto de processos que envolvem a
interacdo entre as caracteristicas da crianca e do ambiente, no qual interagem ativamente ao
longo do ciclo de vida [171-174]. Naturalmente as criangas se descrevem e, ou se percebem
através de parametros de julgamento que estio associados as suas proprias habilidades (fisicas,
motoras, cognitivas e sociais) [170,171,175].

A competéncia motora percebida é uma varidvel psicolégica que reflete o julgamento
de criangas e adolescentes sobre suas proprias capacidades de mobilizar recursos para realizar
com proficiéncia ou ndo uma habilidade motora e/ou tarefa motora [171,176]. A medida que as
criangas experimentam sucesso nas tarefas que se propdem executar, elas tendem a se perceber
mais competentes e, consequentemente, apresentar niveis mais altos de competéncia motora
percebida [14].

A manuten¢do deste ciclo de engajamento positivo pode fortalecer o desenvolvimento
de outras construcdes psicoldgicas, tais como autonomia, autoconfianga e autoestima [14,177].
Além disso, o sentimento de competéncia e/ou ser competente, contribui para aumentar a
motivacgdo intrinseca da crianga, fazendo com que ela se envolva em atividades cada vez mais
desafiadoras [14,58]. Em contrapartida, quando as criangas tém percepcdes negativas sobre sua

competéncia, elas tendem a evitar experiéncias desafiadoras e, por conseguinte, apresentar
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niveis mais baixos de competéncia motora percebida [17]. Cabe destacar que, em ambas as
situagdes, a competéncia motora percebida pode impactar significativamente os niveis
competéncia motora real, assim como os componentes deste sistema, pois a forma como uma
crianca percebe sua propria competéncia motora pode ter um impacto significativo em como
ela se comporta em atividades motoras e fisicas [168,169].

Assim, surge a necessidade de analisar e acompanhar a competéncia motora percebida,
uma vez que esse correlato pode ser entendido como um fendmeno multidimensional e
complexo, e parece influenciar a motivacdo para a prética de atividade fisica, bem como a
manutencdo dessa prética ao longo da infancia e vida adulta [5,178,179]. Em uma ampla visdo
sobre esse constructo, denota-se que as interagdes da competéncia motora percebida com outras
varidveis bioldgicas, comportamentais e cognitivas, formam conjuntamente um sistema
complexo, com componentes adaptaveis, de diversos niveis e relagdes interconectadas que
interagem de forma sinérgica e cooperativa [5]. Essas interacdes produzem uma grande
variacdo de resultados que ndo podem ser explicados apenas por uma perspectiva linear pré-
determinada ou por apenas um mecanismo [5].

Ao observar competéncia motora percebida numa abordagem de desenvolvimento, um
ponto chave que deve ser considerado diz respeito em como o conceito desse constructo pode
mudar com a idade das criangas [17,58,173]. As criancas mais novas (de dois a cinco anos),
apresentam uma tendéncia de ter percep¢des menos realistas e de superestimar suas habilidades
[170,173]. Em outras palavras, as criangas ndo apresentam uma competéncia motora percebida
que condiz com a sua competéncia motora real [175]. Isto acontece devido a falta de maturidade
cognitiva das criancas para compreender que elas possuem caracteristicas opostas [176].
Entretanto, parece benéfico a superestimacdo das habilidades, uma vez que as criancas que
apresentam escores mais altos de competéncia motora percebida nas tarefas, mesmo que ndo o
seja, pode contribuir para a crianga persistir € desenvolver novas habilidades [17,178].

Entre criancas de seis e sete anos, acaba sendo uma fase critica no processo de
desenvolvimento, pois as criangas ainda ndo apresentam uma competéncia motora percebida
condizente com a sua competéncia motora real, de modo que a sua competéncia motora
percebida pode ser superestimada ou subestimada [168,173,178]. Em outros termos, as criancas
ainda nao compreendem que elas podem se avaliar como boas em algumas habilidades e més
em outras [168,169]. Aqui, as limitagdes cognitivas ainda impedem as criangas de utilizar
significativamente as informacdes adquiridas da comparacdo social para construir sua
competéncia motora percebida, o que pode conduzir a resultados negativos ao longo da infancia

[169]. Isto significa que a superestimacdo da competéncia motora percebida pode gerar nas
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criancas expectativas irrealistas, enquanto a subestimacdo da competéncia motora pode
conduzir a uma baixa expectativa para persistir em tarefas cotidianas e motoras futuramente
[168].

A medida que as criancas avancam no processo de desenvolvimento, incorporam uma
perspectiva psicoldgica mais abstrata em suas descricdes € comegam a priorizar a comparagao
com os colegas [179]. A partir dos oito anos de idade, emerge novas aquisi¢des cognitivas que
permitem a crianga relacionar conjuntos de percep¢des a fim de mapear as representagdes que
anteriormente a esse estdgio eram sobrepostas [173,177]. A partir dessa faixa etdria, as criangas
tendem a fazer julgamentos mais realistas e relevantes sobre suas habilidades em diferentes
dominios, especialmente quando adentram a fase da adolescéncia, em que o mecanismo da
autopercepg¢do se torna mais relevante para sua auto avaliagdo [168,179]. Assim, com avangar
da idade, ndo € apenas as habilidades cognitivas das criancas que mudardo, mas também todo
o significado de que as criancas tém para definir as diferentes construc¢des psicoldgicas [17].

Nessa perspectiva, determinados fatores (internos e externos) podem influenciar a
constru¢do e o fortalecimento da competéncia motora percebida ao longo da infincia e
adolescéncia [168]. Os fatores externos incluem os pais, professores, vizinhanga, colegas e
amigos proximos [170]. J4 os fatores internos, compreendem o estdgio de desenvolvimento da
crianga, a orientacdo motivacional e as relacdes afetivas perante aos resultados da pratica e
persisténcia em resposta as dificuldades da tarefa [168,170,176]. Assim, ambos os fatores
contribuem para a constru¢ao cognitiva/psicoldgica da competéncia motora percebida [17,176].

Alguns perfis de competéncia motora percebida foram tragcados em pesquisas
longitudinais e transversais, dos quais revelaram que as criangas e adolescentes que tiveram alta
competéncia motora percebida tendem a ter uma maior participagdo em atividades fisicas,
apresentar bons niveis de aptidao fisica e menor composicao corporal em comparagdao com seus
pares que apresentaram niveis médios a baixo de competéncia motora percebida [37,57,58].

Em resumo, pesquisas futuras podem elucidar melhor os mecanismos por trds do
desenvolvimento da competéncia motora percebida em criangas, bem como em estudos de

acompanhamento que permitem tracar as mudancas ao longo do tempo de desenvolvimento.

5.8 Habilidades Cognitivas

As habilidades cognitivas, referem-se a um conjunto de habilidades que fundamentam

a capacidade de planejar com antecedéncia e cumprir metas, ter autocontrole e manter o foco
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apesar das distracdes [180]. Também conhecidas como fungdes executivas, controle executivo
ou controle cognitivo, referem-se a uma familia de processos mentais que sdo necessarios nos

€,

diversos contextos, como quando uma pessoa precisa se concentrar em uma tarefa “x” e prestar
atencdo ao mesmo tempo em uma tarefa “y”; quando ¢ necessario decidir entre continuar a
realizar as tarefas de modo automdtico ou simplesmente ter de confiar no instinto, ou mesmo
na intuicdo quando o mesmo seja imprudente, insuficiente ou impossivel (inibir determinados
comportamentos) [15].

Dentre os processos de controle neurocognitivo do sistema “top-down”, em tradugdo
literal “de cima para baixo”, que parte do conjunto de processos mentais para o comportamento,
enquadram-se as funcdes executivas, sendo estas relacionadas ao comportamento orientado a
objetivos [15]. As fungdes executivas “frias” sdo geralmente elucidadas sob condigdes
descontextualizadas e que contenham condutas afetivamente neutras, como em tarefas que
requerem interferéncia inibitéria — exemplo, pegar ou ndo uma bola langcada por um colega; ao
manipular ideias/informa¢des na mente — exemplo, realizar uma operacdo matematica
mentalmente enquanto caminha; e ao alterar flexivelmente as estratégias cognitivas na
execugdo da tarefa, ou seja, que permite pensar em outras opcdes quando o plano inicial é
alterado de forma inesperada — exemplo, quando ao rebater uma bola em direcdo a um alvo, a
mesma acerta fortemente no corpo de um colega de classe, as medidas sequenciais pode ser um
pedido de desculpas (alegando que ndo fora intencional), ou simplesmente continuar a tarefa
normalmente, tentando acertar o alvo [181,182]. Enquanto as fungdes executivas “quentes” sao
executadas em contextos afetivamente envolventes ou sob pressdo emocional, como quando é
necessdrio lidar com tarefas que envolvem tomar uma decisao arriscada como ganhar muito ou
perder tudo [15].

As fungdes executivas envolvem vdrios processos cognitivos complexos, e suas
interacOes dependem substancialmente dos estimulos oferecidos e desafios colocados na
trajetoria de desenvolvimento da crianga [63,183,184]. O periodo da infancia pode ser
considerado um momento critico para o desenvolvimento e aprimoramento das fungdes
executivas, que sdo um conjunto de habilidades cognitivas importantes para a regulacdo do
comportamento € a tomada de decisdes [185]. Durante a infincia, o cérebro passa por um
processo de desenvolvimento acelerado, com o estabelecimento de conexdes neurais € o
fortalecimento de sinapses [182]. As fun¢des executivas, que incluem habilidades como a
memoria de trabalho, a atencdo e o controle inibitdrio, dependem da maturacdo de 4reas

especificas do cérebro, como o cortex pré-frontal e o sistema limbico [64,182].
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De acordo com Diamond e Ling [39], as funcdes executivas centrais (ou principais) sao
compostas por trés construtos. O primeiro construto ¢ a memoria de trabalho, também
conhecida como memdria operacional, € um sistema cognitivo que permite as pessoas processar
e manipular informagdes temporariamente armazenadas para a execucdo de tarefas cognitivas
complexas [15,63,182,186].

O controle inibitério, segundo construto, € a capacidade do cérebro de inibir ou controlar
respostas impulsivas e automaticas, e estd relacionado, por exemplo, com o fato de se manter
realizando determinada tarefa mesmo quando a vontade € de fazer outra coisa [15]. A inibi¢do
¢ uma funcdo cognitiva crucial para tomada de decisdes e comportamento adaptativo em
situagdes sociais e emocionais complexas [15,187]. Sdo alguns exemplos de controle inibitério:
quando uma pessoa resiste a tentacdo de comer um pedago de bolo, mesmo quando ela estd ou
ndo seguindo uma dieta restrita; ndo responder a um estimulo irrelevante enquanto executa uma
tarefa; e, ndo interromper uma conversa quando a outra pessoa esta falando [181,188].

A flexibilidade cognitiva, dltimo construto das funcdes executivas centrais, se refere a
capacidade de adaptar o comportamento e as estratégias cognitivas diante de novas situacoes
ou mudangas nos objetivos [15,189]. E a habilidade de mudar de foco ou de tarefa de forma
rapida e eficiente [189]. Além disso, inclui “pensar fora da caixa” e analisar situagdes sob
diferentes perspectivas, e assim, criangas com maior flexibilidade cognitiva tendem a apresentar
vdrias alternativas para solucionar um determinado problema, o que pode ser essencial por
exemplo, no desenvolvimento e aprimoramento de tarefas fisicas e motoras [15,67,188].

Estudos mostraram que intervengdes que visam melhorar as fungdes executivas ao longo
da infancia, como programas de treinamento cognitivo e atividades fisicas e motoras regulares,
podem ter impactos positivos no desempenho académico, no comportamento social, emocional
e na saude geral da crianca [190,191]. Além disso, o desenvolvimento saudéavel das funcoes
executivas na infancia pode ter efeitos de longo prazo na vida adulta, incluindo a capacidade de
lidar com o estresse e tomar decisoes mais acertadas [39,181,184].

Apesar de funcionarem de forma integrada, cada uma das fung¢des executivas centrais
comecga a ser desenvolvida em momentos diferentes do desenvolvimento humano [185,188].
De modo geral, esse desenvolvimento comeca a ocorrer logos apds 0 nascimento e continua ao
longo da infancia e adolescéncia, tende a se estabilizar na vida adulta e vir a declinar na velhice
[15]. Assim, nos dltimos anos, pesquisadores ao redor do mundo buscaram compreender como
as funcOes executivas geralmente estdo interligadas ao desempenho das criangas diante dos
desafios expostos em cada tarefa (fisica, motora, social e emocional)

[15,159,180,183,185,188,192].
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Sabendo disso, € importante ressaltar que os comportamentos das criangas podem estar
diretamente associados ao desenvolvimento de habilidades cognitivas, pois a maneira como a
crianga pratica o que sabe e exerce suas competéncias e habilidades, diz muito sobre a forma
adotada pela crianga quanto a aquisicdo de tais conhecimentos [181]. Nessa perspectiva, é
importante lembrar que o desenvolvimento das habilidades cognitivas € um processo gradual e
que as habilidades continuam a se aprimorar ao longo da vida, com a experiéncia e a pratica,
sendo fundamental para garantir hibitos saudéveis e qualidade de vida dos individuos [15].

Evidéncias tém reportado o papel preditivo da competéncia motora em trajetorias
positivas de desenvolvimento fisico e cognitivo ao longo da infancia [26,67,68,127,180,193].
Parece que o ambiente em que a crianga estd inserida tem papel primordial nesta relacdo
[185,188,194]. Em ambito escolar, por exemplo, a crianca pode buscar e utilizar os recursos
motores e cognitivos que geralmente sio recrutados nas aulas de Educacdo Fisica, no recreio
e/ou mesmo em atividades fisicas realizadas no contra turno escolar [194]. O que pode
potencializar a relacdo da competéncia motora como preditora dos processos cognitivos, sao 0s
estimulos presentes no ambiente enriquecido com atividades fisicas desafiadoras, que tenha um
envolvimento motivacional e que provoque um engajamento emocional nessas criangas
[68,192]. Além disso, as atividades desafiadoras possibilitam as criancas alocar maiores
recursos atencionais para o ambiente e processar informacdes percebidas mais rapidamente
[181].

Nessa perspectiva, a pratica de atividade fisica e concomitante a aptidao fisica,
especialmente os niveis de aptiddo aerdbica, podem beneficiar processos cognitivos subjacentes
ao controle cognitivo na infancia, como a melhora do controle inibitério e da memoria de
trabalho [158,181,182]. Além disso, estudos demostraram associagdes entre atividade fisica,
aptidao fisica, funcdes executivas e composi¢ao corporal de criangas [195]. Assim, ao analisar
as associagodes de varidveis de saude, comportamentais, biolégicas e habilidades cognitivas na
infancia, pode-se inferir que sdo relacdes complexas na perspectiva do crescimento e
desenvolvimento [5,6].

Até onde sabemos, nao hé estudos que tenham examinado as interagdes entre varidveis
bioldgicas, comportamentais e cognitivas em criancas brasileiras, especialmente na segunda
infancia. Esta informacao sera valiosa do ponto de vista tedrico e pratico, pois podera contribuir
para uma melhor compreensdo das associagdes dinamicas entre o desenvolvimento fisico,
motor e cognitivo, o que pode beneficiar estudos de interven¢cdo que visem melhorias na

qualidade de vida nesta fase da vida.
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5.9 Indicadores de Adiposidade

Nos tltimos anos as atencdes e o foco dos estudos e dos 6rgdos de satde t€m se
concentrado na populacdo pedidtrica, visto que evidéncias recentes apontaram relac¢des
existentes entre piores indicadores de adiposidade infantil (neste caso a obesidade) e a
persisténcia desses indicadores na vida adulta [196,197]. Os indicadores de adiposidade mais
comumente investigados na infincia sdo: o IMC que possibilita a estimativa do estado
nutricional, e a partir dele € possivel observar o excesso de peso; o segundo € o percentual de
gordura corporal (PGC), obtido através da mensuracdo de dobras subcutineas; e o terceiro
indicador de sadde recorrentemente adotado € a relacdo cintura-estatura (RCE), que possibilita
mensurar o acimulo de gordura na regido abdominal e ja é um conhecido indicador de risco
doencgas cardiovasculares [198-201].

Cada vez mais torna-se preocupante o aumento da prevaléncia de excesso de peso na
infancia, e tal cendrio passa a ganhar posi¢do de destaque, dado aos quadros negativos dos
indicadores de adiposidade, que associados as morbidades tém sido cada vez mais recorrentes
na populacdo pedidtrica [197,202]. Os fatores de risco relacionados as doengas cronicas
(diabetes mellitus tipo II, hipertensao, hipercolesterolemia, doencas cardiovasculares e cancer),
que anteriormente eram vistas apenas em adultos estdo sendo cada vez mais reconhecidos em
criangas e adolescentes com excesso de peso [197].

Evidéncias indicam que o excesso de peso na infincia e adolescéncia apresentou
aumento nas ultimas décadas, e desde entdo tornou-se grande problema de saude publica em
diversos paises ao redor do mundo - Estados Unidos, China, Austrélia, India, Japao, Brasil
[202—-205]. Dados da prevaléncia mundial de obesidade infantil entre 1975 até 2016 apontaram
o aumento de 0,70% para 5,60% em meninos e de 0,90% para 7,80% para as meninas
[118,197,204]. Mais de 340 milhdes de criangas e adolescentes com idade entre cinco e 19 anos
estavam com sobrepeso ou obesos em 2016 [118].

Nos Estados Unidos, a prevaléncia de criangas com excesso de peso, entre 2013 e 2014,
ultrapassava os 4,5 milhdes, sendo 33,40% das criancas com sobrepeso, 17,4% com obesidade
classe I, 6,30% obesidade classe II e 2,40% obesidade classe III [206]. Além disso, 0s aumentos
da prevaléncia de excesso de peso nos Estados Unidos ocorrem com o avancar da idade: cerca
de 22,80% das criangas em idade pré-escolar (dois a cinco anos), 34,20% em idade escolar (seis
aos 11 anos), e 34,50% dos adolescentes (12 a 19 anos) sd@o acometidos com excesso de peso

ou obesidade [206]. Na China os valores da prevaléncia de sobrepeso e obesidade de criangas
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e adolescentes eram de 15,80% em 2018 [207]. No Brasil, dados da Pesquisa Nacional em
Saude (2019) apontaram que 19,40% dos adolescentes na faixa etdria entre 15 e 17 anos
estavam com excesso de peso [208]. Os resultados ainda apontaram que o problema foi mais
prevalente no sexo feminino (22,90%) em comparacdo com o sexo masculino (16%) [208].
Para as criancas compreendidas na faixa etdria entre cinco e nove anos, dados do Ministério da
Saude e a Organizacdo Panamericana da Saide apontam que 13,20% tém obesidade [208].

Perante a esse cendrio, algumas condi¢des tendem a contribuir substancialmente para
que o ambiente se torne cada vez mais obesogénico (que sdo os responsdveis por contribuir no
ganho de peso sem que o individuo tenha consciéncia de que estd engordando) e assim
contribuir para piores quadros de saide [197,202,204,209]. Dentre essas condicdes destaca-se
a modernizacdo das grandes metropoles, inseguranca na vizinhanca, aumento expressivo no
tempo de tela (aparelhos eletronicos como celulares, tablets, computadores, videogames e
televisdo), duracdo inadequada do sono, inatividade fisica, baixos niveis de aptidao fisica,
competéncia motora e habilidades cognitivas, hdbitos nutricionais inadequados, reducdo do
transporte ativo, ingestdo caldrica excessiva e baixas condi¢des socioecondmicas que podem
afetar diretamente na equagdo de balanco de energia [197-199,203,209].

Mapear e determinar precocemente as condi¢des de excesso de peso em criangas
também pode ajudar a identificar quais individuos t€m maior probabilidade de apresentar
quadros negativos dos indicadores de adiposidade na idade adulta [197]. Nessa perspectiva, um
dos marcos na vida da crianga consiste na inser¢ao no ambiente escolar [204]. Com a inser¢do
da crianca no ambiente escolar, algumas caracteristicas (como a nutricao e pratica de atividade
fisica) sofrem altera¢des e podem influenciar o crescimento e desenvolvimento [19,204].

A escola é considerada um local importante onde esse trabalho de prevencao ao excesso
de peso pode ser realizado, através de atividades interdisciplinares que foquem nos
conhecimentos sobre saide, com estimulos para a pratica de atividades fisicas dentro e fora da
escola e melhoria dos hébitos alimentares [138]. O ambiente escolar € a porta de entrada para
estimulos que visam o aumento da atividade fisica na vida didria e exercicio fisico no dia a dia
de uma crianca e, por isso, cabe ao professor de Educacao Fisica a responsabilidade de além de
apresentar os fundamentos esportivos a uma crianca ou adolescente, propiciar atividades que
promovam o desenvolvimento das habilidades motoras (consequentemente aumentando o
repertério motor), além de mostrar a importancia da atividade fisica como uma forma de
prevencdo da obesidade e de outras doengas, assim como a promoc¢do da saide

[14,28,77,210,211].
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Até onde se sabe, os indicadores de adiposidade interagem favoravelmente com
variaveis bioldgicas, comportamentais € cognitivas, € assim piores niveis desses indicadores
podem ser um indicativo de problemas futuros associados a saide [158,194,210,212-214].
Nesse sentido, um dos maiores desafios em manter um estilo de vida saudavel e manter niveis
adequados dos indicadores de adiposidade ao longo da infincia, é traduzir o conhecimento
acerca da complexidade desses indicadores e das interacdes com outras varidveis do
crescimento e desenvolvimento para os profissionais da satde e cuidadores, assim como buscar
compreender como essas interacdes acontecem em meninos € meninas, de diferentes idades.

Em sintese, na presente tese, as informacdes obtidas acerca das interagdes entre as
varidveis analisadas podem ajudar os profissionais de saide a fornecer orientagdes e
intervencdes mais eficazes para melhorar a saude fisica, mental e a qualidade de vida das

criangas.
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6 METODOLOGIA GERAL

6.1 Aspectos éticos

A presente tese € resultante do projeto de pesquisa longitudinal-misto intitulado
“Relacao entre Atividade Fisica, Competéncia Motora, Indicadores de Saude, Capacidades
Cognitivas e Desempenho Escolar em Criangas e Adolescentes de trés aos 12 anos”. O projeto
teve como objetivo primdrio investigar as relacdes entre atividade fisica, competéncia motora,
indicadores de sadde, capacidades cognitivas e desempenho escolar de criancas e adolescentes.
O objetivo secunddrio foi analisar a associacdo entre os niveis de atividade fisica, cognig¢ao,
metacognicdo e desempenho académico ao longo do tempo.

O estudo foi conduzido de acordo com as diretrizes da Declaracdo de Helsinque e das
normas da Resolucdo 466/12 do Conselho Nacional de Satide. O projeto foi aprovado pelo
Comité de Etica em Pesquisa envolvendo seres humanos da Universidade Federal de Vigosa,
sob o numero de registro CAAE: 62155016.8.0000.5153 e parecer 1.888.177, em 10 de janeiro
de 2017 (Anexo A).

Todas as criancas participaram do estudo mediante a assinatura do Termo de
Consentimento Livre e Esclarecido (TCLE) (Apéndice A) pelos responsdveis legais. A
participacao no estudo foi voluntéria, sendo preservadas as informagdes de cariter pessoal.
Além disso, foi conferida a crianca ou a familia o direito de recusar-se a participar ou retirar-se

do estudo a qualquer momento, sem qualquer prejuizo.

6.2 Delineamento do Estudo

Trata-se de um estudo epidemioldgico de base escolar, tendo como objeto de estudo a
frequéncia, a distribui¢do e os determinantes de saide em populacdes humanas, bem como a
aplicagdo desses estudos no controle dos eventos relacionados com a satide [1]. Além disso, o
presente estudo apresenta um delineamento de coortes, em que um grupo especifico de

individuos (sendo as unidades de estudo) sdo acompanhados durante certo periodo [1].

6.2.1 Casuistica

Iniciado em 2017, o estudo foi realizado com criancas de ambos 0s sexos,

acompanhadas ao longo de dois anos, com idade inicial de seis e oito anos, regularmente
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matriculadas no primeiro e terceiro ano do ensino fundamental, de uma escola municipal da
cidade de Santo Antonio do Grama, Minas Gerais, Brasil.

Inicialmente foi realizado um contato com a escola, a qual foi informada sobre os
objetivos e metodologia do projeto. Em seguida, solicitou-se o consentimento para divulgar e
executar a pesquisa nas turmas de primeiro e terceiro ano. Apds o aceite da dire¢do executiva
escolar foram realizadas visitas nas turmas de primeiro e terceiro ano do ensino fundamental
para explicacdo dos objetivos e procedimentos da pesquisa as criancas, assim como foi
realizado o convite para participar do estudo. Todas as criancas receberam o TCLE, que

deveriam ser assinados pelos responsdveis legais, e devolvidos.

6.2.2 Critérios de elegibilidade

Considerou-se os seguintes critérios de inclusao:

= Estar regularmente matriculado (a) no primeiro e terceiro ano na respectiva escola;

= Aceitar participar voluntariamente do projeto com a assinatura do TCLE pelos
responsaveis legais;

= Naio possuir algum tipo de doencga, e apresentar deficiéncia fisica e/ou cognitiva que

comprometesse as avaliagoes.

6.2.3 Selecdo da amostra

Para compor a amostra, no inicio do estudo, 133 criangas foram convidadas a
participarem da pesquisa por estarem matriculadas no primeiro e terceiro ano (anos
selecionados para o estudo de coortes). Desse montante, 89 criancas aceitaram participar da
pesquisa e retornaram com o TCLE assinado pelo responsavel legal. Foram realizadas seis
avaliacdes ao longo do tempo. Apds a conferéncia das informagdes completas em todos os
momentos de avalia¢do, 67 criangas (36 criangas com seis anos e 31 criangas com oito anos de
idade) de ambos os sexos (26 meninas, 41 meninos) foram divididas em duas coortes. A
primeira coorte iniciou o estudo com seis anos e terminou aos oitos anos de idade, e a segunda
coorte iniciou a pesquisa com oito anos e finalizou com 10 anos de idade. No total foram dois
anos de acompanhamento, com inicio em 2017 (linha de base — T0), seguimento em 2018 (T1)
e 2019 (dltima avaliacao — T2) (Figura 1).

O célculo amostral nao foi realizado por dois motivos: primeiramente, a cidade ndo
apresentava outras escolas que ofertavam o ensino fundamental I, pelo simples fato de que a

Unica escola existente conseguia atender as demandas referente ao nimero de escolares
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matriculados do municipio; segundo, ao contactar a direcdo executiva da escola, informamos o
interesse de avaliar todas as criancas matriculadas no primeiro e terceiro ano para compor o
estudo de coortes. Com aceite favoravel da direcao escolar, todas as criangas foram convidadas
a participar da pesquisa e, assim, obtivemos um percentual de participagao no estudo de 78%

de todas as criancas convidadas.

LINHA DO TEMPO DA PESQUISA

DIVISAO DAS

1 AVALIACAO CONFERENCIA E ) 6 AVALIACAO COORTES
ORGANIZACAO 4" AVALIACAO = 67 criangas com
TO — fevereiro/margo DOS DADOS T2 - julho/agosto dados completos

T1 — julho/agosto

@ @ ® ©O
2017 2018 2019 \
- R | ﬁ | )

M1 M2 M3 M4 M1 M2 M3 M1 M.
Ny ~ Sog N K

2 M3 M4

N
©

CONTATO COM 2" AVALIACAO 3' AVALIACAO CONFERENCIAE ~ 5* AVALIACAO CONFERENCIA E
vt TO — julho/agosto T1 - fevereiro/margo ORGARIZACRO T2 - fevereiro/margo QREANEACAD
= 133 criancas convidadas; NS i DOS DADOS - ¥ DOS DADOS
= 89 crian¢as retornaram
com o TCLE. *T0, T1 e T2 — refere-se aos anos de avaliagdo.

** M1 a M4 — refere-se aos momentos em cada ano.

Figura 1 - Linha do tempo da pesquisa referente ao periodo das avaliagcdes.

Fonte: autoria propria.

6.2.4 Caracterizacio do local do estudo

O municipio de Santo Antonio do Grama encontra-se localizada na Zona da Mata de
Minas Gerais, na microrregido de Ponte Nova. A cidade possui uma drea de 130,213 km? e estd
geograficamente localizada nas coordenadas de latitude 20°18°52” S e longitude 42°36°31” O.
A cidade de Santo Antdonio do Grama encontra-se a 210 km de Belo Horizonte (capital do estado
de Minas Gerais) e distante 920 km da capital federal do Brasil (Brasilia). O acesso ao
municipio pode ser feito pela BR-040, partindo de Belo Horizonte, seguindo a rodovia BR-356
até a cidade de Ouro Preto, passando pela cidade de Ponte Nova e/ou através da rodovia BR-
262, até o trevo de Rio Casca, onde tem o acesso a rodovia MG-329 [2].

A populagdo gramense contava com 4085 habitantes no ultimo censo (2010) e uma
densidade demografica de 31,37 habitantes/km? [3]. De acordo com o Instituto Brasileiro de
Geografia e Estatistica (IBGE), a populacdo estimada era de 3861 habitantes no ano de 2021.
Cerca de 82,36% dos habitantes estavam localizados em area urbana e 17,64% em area rural.
Além disso, aproximadamente 82,23% da populagdo € atendida com abastecimento de 4gua,

98,42% da populacgdo € atendida com esgotamento sanitério, 80,29% da populacio é atendida
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com coleta de Residuos Domiciliares e possui coleta seletiva de Residuos Sdélidos, e recupera
33,33% do total de residuos coletados no municipio [4]. O municipio possui como setores
econdmicos o Servigo e a Agropecudria.

Atualmente, a cidade de Santo Antdnio do Grama possui duas escolas municipais, das
quais uma oferece apenas o servico de creche, que atende criancas no intervalo etirio entre um
ano de idade até cinco anos e 11 meses. A outra escola municipal atende criancas de trés aos
10 anos e 11 meses de idade, que corresponde aos anos iniciais da educagdo bésica e ensino
fundamental I. O municipio também conta uma escola estadual e nao existe nenhuma escola

privada [2].

6.3 Coleta de dados

A coleta de dados ocorreu em 2017, 2018 e 2019. As avalia¢des ocorreram duas vezes
por ano, sempre nos respectivos meses de fevereiro-marco e julho-agosto. O periodo de coleta
ocorreu no intervalo de 12 meses, ou seja, uma dada crianca que foi avaliada em fevereiro-
marc¢o de 2017, foi reavaliada no periodo compreendido entre fevereiro-marco dos anos de 2018
e 2019. O mesmo procedimento ocorreu para a coleta das informa¢des nos meses de julho-
agosto. Ressalta-se que a divisdo para esses respectivos meses de coleta ocorreu em fungdo da
logistica e disponibilidade da escola para realizacdo das avaliacdes em sua dependéncia.

No primeiro encontro, as criangas receberam informagdes relacionadas a pesquisa e seus
procedimentos, e foram convidados a participar por meio do TCLE (Figura 2). No segundo
encontro, as criancas deveriam retornar com o termo assinado, € com base nos critérios de
elegibilidade do projeto as criangas foram selecionadas. No inicio da pesquisa, a escola tinha
trés turmas de primeiro ano (A, B e C) e trés turmas de terceiro ano (A, B e C), com média de
19 criangas em cada turma. Todas as seis turmas foram avaliadas. As avaliacdes ocorreram
conforme o turno (matutino e vespertino) escolar.

As estagOes de antropometria e das fungdes executivas ocorreram em salas diferentes e
simultaneamente, ou seja, enquanto coletava-se a antropometria em um grupo de até cinco
criancas, o outro grupo (até cinco) era avaliado nas funcdes executivas, e ao finalizar de cada
estacdo, era realizada a troca entre elas. Na sala da antropometria foi determinado espaco
reservado para avaliagdes de meninos e meninas separadamente, € foram tomados todos os
cuidados para que as criangas fossem avaliadas por avaliadores do mesmo sexo. As salas onde
ocorreram a avaliacdo das fungdes executivas foram equipadas para atender a crianga e o

avaliador, e o espaco ndo continha desenhos, mapas e/ou figuras que pudessem desviar a
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atencdo da crianca. O tempo de execucdo das avaliacbes em ambas as estagdes (antropometria
e funcdes executivas) para cada grupo de criangas foi de aproximadamente 60 minutos.

Na quadra poliesportiva da escola, as criancas foram avaliadas conforme os protocolos
de aptidao fisica e competéncia motora real. Os testes de avaliacdo das componentes da aptidao
fisica ocorreram sempre apds as coletas da antropometria e fungdes executivas e antes do
intervalo do recreio, para que a crianca ndo sentisse nenhum desconforto no momento de
execugdo dos testes (dado o tempo espagado entre a refei¢do e o teste). O tempo de execugao
da aptidao fisica foi de aproximadamente 30 minutos para um grupo de até 10 criangas.

Ap6s o intervalo do recreio, era realizada a avaliagdo da competéncia motora das
criancas. Duas estacdes foram montadas (uma de habilidades de locomocgdo e a outra com as
habilidades de controle de objetos). Cada estagcdo avaliava duas criangas por vez. Ao término
das avaliacdes, ocorria o rodizio entre as estacdes. O tempo gasto na avaliacdo da competéncia
motora real para um grupo de até quatro criangas foi de aproximadamente 30 minutos.

A aplicacdo dos questiondrios para avaliar a competéncia motora percebida (escala
pictogréfica), atividade fisica e de caracterizacdo da amostra foram alocados em um espago
reservado da quadra, com um tempo de execucdo de aproximadamente 30 minutos para cada
crianca. A aplicacio ocorreu apds o intervalo do recreio no mesmo momento da avaliagdo da
competéncia motora com as criangas que estavam aguardando para serem avaliadas em uma
das estagdes da competéncia motora ou com as criangas que ja tinham finalizado as duas
estacgoes.

A estimativa direta da atividade fisica foi a ultima etapa da coleta de dados, e ocorreu
em periodo posterior a semana de coleta, em virtude do nimero de instrumentos (pedometros e
acelerdmetros) disponiveis, assim como o tempo despendido (periodo de sete dias) para a
avaliacdo de crianca. Em média, gastou-se 15 dias para avaliar a atividade fisica das criangas
consoante a turma escolar.

As coletas foram realizadas por 10 avaliadores (profissionais e/ou estudantes de
Educacio Fisica), que foram previamente capacitados com a rotina de testes. Houve o cuidado
para que os avaliadores fossem do mesmo sexo que os avaliados, visando deixar as criancas
mais a vontade e menos constrangidas durante a avaliacdo das medidas corporais. A cada seis
meses (especificamente uma semana antes de iniciar as avaliacdes), foram realizadas novas
capacitacoes a fim de recordar os procedimentos de avaliacdo. O periodo de execugdo das

avaliacdes na escola em cada momento de coleta foi de cinco dias uteis (segunda a sexta-feira).
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Figura 2 - Fluxograma do projeto.

Fonte: Autoria prépria.

6.4 Variaveis do Estudo

6.4.1 Questionario para Caracterizacio da Amostra
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O questiondrio para caracterizacao da amostra foi dividido em trés partes: i) relacionada

aos dados demograficos da crianca (sexo, idade, local onde mora; escolaridade, etc.); ii)

referente as atividades esportivas realizadas no ambiente escolar; iii) associada com a

experiéncia esportiva formal (em clube ou escolinha esportiva) da crianca. As criangas que nao

eram capazes de preencher o questiondrio, por ndo saberem ler ou compreender as perguntas,

foram acompanhadas por um avaliador de forma a esclarecer as diividas das criancas e registrar

as respostas (Apéndice B). Apenas as informacdes da primeira parte do questiondrio (dados

demogréficos) foram utilizadas nas andlises da presente tese.

6.4.2 Indicadores de Crescimento

A estatura e a massa corporal foram consideradas no estudo com indicadores de

crescimento.

Para a medicdo da estatura foi utilizado um estadidmetro portétil (Sanny®, Brasil) de

alta precisdo (0,1 cm), onde a crianga deveria permanecer em posi¢do anatdmica, com 0s pés
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descalgos sobre a base do estadidmetro e a cabega posicionada no plano de Frankfurt [5]. Duas
medidas foram realizadas, e admitiu-se variagdo maxima de 0,5 cm entre as medidas, sendo
utilizada a média como resultado final. Caso a afericdo das medidas ultrapassasse a variagcao de
0,5cm, foram realizadas novas medidas até se obter medidas no intervalo aceitdvel (Apéndice
C). A massa corporal foi medida, com precisdo de 0,1 kg, com uma balanca digital (TEC-117,
Tech Line). A crianca deveria permanecer imével em cima da balanca, descal¢ca e com roupas

leves [5] (Apéndice B).

6.4.3 Indicadores de adiposidade

Os indicadores de adiposidade considerados no estudo foram o IMC, PGC e RCE.

O IMC foi calculado a partir da férmula estandardizada [IMC = massa corporal
(kg)/estatura (m?)]. A partir desse indice, as criangas foram classificadas quanto ao estado
nutricional, utilizando as curvas IMC/idade da Organizacdo Mundial da Saude [6], cujos valores

encontram-se descritos no quadro 1.

Quadro 1 - Classifica¢do do estado nutricional em escore-Z.

Classificacao do Estado Nutricional Valores de referéncia

Abaixo do peso < Escore-z -2

Normoponderal > Escore-z -2 e < Escore-z +1

Sobrepeso > Escore-z + 1 e < Escore-z +2
Obesidade > Escore-z +2

Fonte: Organizagao Mundial da Satde [6].

Para determinacdo do PCG foram mensuradas as dobras cutineas tricipital e
subescapular através de um adipometro (Mitutoyo, modelo BFG308, Cerscorf®), seguindo os
padrdes internacionais para avaliacdo antropométrica [5]. A dobra cutanea tricipital foi obtida
na regido posterior do bragco, no ponto médio entre o acromio e o radial médio. A dobra cutinea
subescapular foi obtida medialmente abaixo do vértice inferior da escdpula, a 2 cm da borda
inferior da escdpula, conforme orientacdo dos arcos costais. Duas medidas foram realizadas
para cada dobra cutanea, e em caso de diferenca superior a 2mm entre elas, uma terceira medida
foi realizada, sendo utilizado o valor médio (Apéndice C). O PGC foi estimado pela equacido
de Lohman [7], adotando as constantes conforme sexo e idade. A classificacdo PGC (muito
baixo, baixo, 6timo, moderado/alto, alto, e muito alto) seguiu os pontos de corte propostos por

Lohman [8], de acordo com o sexo.
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A circunferéncia da cintura foi mensurada no ponto medial entre o rebordo costal
inferior e a crista ilfaca superior, utilizando uma fita métrica (Sany®, Brasil) com precisao de
0,1 cm. Foram realizadas duas mensuracdes, e em caso de diferenca maior que 0,5 cm entre as
medidas, uma terceira medida foi realizada, utilizando-se o valor médio das mensuragdes
realizadas (Apéndice C). Posteriormente, foi realizado o cédlculo da RCE (divisdo da
circunferéncia da cintura pela medida da estatura em centimetros), e sua respectiva classificacdo

(<0,5 ideal e >0,5 risco de saude), conforme os pontos de corte propostos por Ashwell e Hsieh

[9].

6.4.4 Atividade Fisica

A atividade fisica foi estimada através de questiondrio, uso de pedOmetro e
acelerometro.

O questiondrio de Atividade Fisica Habitual de Baecke [10], foi aplicado as criancas
através de entrevista realizadas pelos avaliadores (Anexo B). O questiondrio contém 16
questdes distribuidas em trés sec¢des distintas, cada uma procurando estabelecer estimativas
quanto a uma dimensao especifica do nivel de prética habitual de atividade fisica dos avaliados.
A secdo I refere-se as atividades fisicas ocupacionais (pratica de atividade fisica na
escola/trabalho); a secdo II compreende as atividades fisicas esportivas (relacionado com a
prética esportiva, exercicios fisicos e lazer ativo) e; se¢do Il relacionada as atividades fisicas
de deslocamento (referente ao tempo livre e locomog¢do). As opg¢des de respostas sdao
codificadas em uma escala likert de cinco pontos, com exce¢do da questdo 1 (relacionada a
principal ocupagdo do avaliado) e questdo 9 (refere-se a modalidade esportiva que pratica,
quando for o caso). Com base nas respostas das questdes, estima-se o escore de cada se¢do e o
escore total da atividade fisica habitual.

O peddmetro (Yamax, Digi-Walker, modelo SW 200), foi utilizado para estimar a
atividade fisica das criancas. O instrumento € valido e fidvel para a medi¢do da atividade fisica
em criancas [11]. As criangas foram instruidas a utilizd-lo durante o tempo desperto, por sete
dias consecutivos, incluindo ao menos dois dias de fim de semana. Foram consideradas
“elegiveis” para compor a amostra do estudo as criangas que apresentaram informagdes de
registro de peddometro de, pelo menos, quatro dias (informagdes acerca do niimero de passos),
incluindo um dia de final de semana. A classificacao do nivel de atividade fisica foi realizada a

partir do nimero médio de passos total, consoante o sexo (feminino 11.000 passos/dia e
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masculino 13.000 passos/dia), proposta por Tudor-Locke et al. [12], sendo as criangas
classificadas como “atinge as recomendagdes” e “ndo atinge as recomendacdes”.

As criangas utilizaram o acelerdmetro por sete dias consecutivos, sendo validos pelo
menos quatro dias, dos quais ao menos um deveria ser referente a um dia do final de semana.
O acelerdbmetro ActiGraph (modelo GT3X) foi usado para monitorar o tempo
gasto em diferentes intensidades de atividade fisica [leve (AFL), moderada a vigorosa (AFMV)
(min.dia!)], e o comportamento sedentdrio (min.dia'). O software ActiLife (versio 6.13.4)
(ActiGraph, LLC, Fort Walton Beach, EUA) foi utilizado para realizar a extragdo dos dados
dos acelerdmetros. O acelerdmetro foi inicializado para coletar dados a uma taxa de
amostragem de 30 Hz, com filtro normal, em epochs de 1s e depois os dados foram reintegrados
em epochs de 15s. O tempo de ndo-uso foi definido como zero counts/minuto consecutivos que
durasse pelo menos 20 minutos. Para serem incluidos na andlise, foi necessdrio que os
participantes atingissem um minimo de 10 h.dia! de "tempo de uso". Com base na média
semanal, as criancas foram classificadas de acordo com categorias de comportamentos
especificos. A classificacdo do tempo gasto em comportamento sedentdrio, AFL e AFMV foi
realizada com base nos pontos de corte propostos por Evenson et al. [13], que estdo
apresentados no Quadro 2. De acordo com os valores propostos pela Organizacio Mundial da
Saude, as criangas foram classificadas como ativas (ao atingir as recomendacdes) ao realizar
pelo menos 60 minutos didrios AFMV ou inativas (ndo atingir as recomendag¢des) quando ndo
atingiram os 60 minutos didrios de AFMV [14].

Os pedometros e os acelerOmetros foram colocados no quadril, lado direito, presos em
um cinto eldstico, e as criancas foram instruidas a ndo mudar sua rotina didria. Além disso, os
responsaveis legais, assim como as criancas foram orientadas a remover os aparelhos para
atividades aquaticas, como tomar banho e nadar, e ao dormir. Os responsaveis pelos avaliados
receberam um didrio de uso do equipamento, no qual deveriam anotar, diariamente, o horério

que colocavam os monitores e o hordrio que retiravam a noite (Apéndice D).

Quadro 2 - Classifica¢do dos niveis de atividade fisica e comportamento sedentario.

Atividade Ponto de corte
Comportamento sedentdrio <100 counts
Atividade Leve > 100 e <2295 counts

Atividade Fisica Moderada a Vigorosa | > 2296 counts

Fonte: Adaptado de Evenson et al. [13].
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6.4.5 Aptidao Fisica

A aptiddo fisica foi estimada através de avaliacdo de diferentes componentes (forca de
preensdo manual, forca de membros superiores, forca de membros inferiores, resisténcia
abdominal, velocidade, agilidade, flexibilidade e aptiddo cardiorrespiratéria), de acordo com
protocolos do EUROFIT, FITNESSGRAM, AAHPERD, PROESP-BR (Apéndice C) [15-18].

Forca de preensdao manual (EUROFIT): foi mensurada com dinamometro digital
(JAMAR®, modelo 5030, J1). O procedimento foi conduzido com ambas as maos. A crianca
deveria estar na posicdo de pé, segurando o dinamdmetro com a mdo, o braco estendido e
ligeiramente afastado do corpo, e ao comando do avaliador deveria apertar o aparelho com forca
maxima. Foram registradas duas tentativas para cada mao. A partir do melhor resultado obtido
para cada uma das maos (dominante e nao dominante), foi calculada a média e considerado nas
analises [15].

Forca de membros superiores (push up) (FITNESSGRAM): as criancas tinham que se
posicionar em decubito ventral, manter os cotovelos estendidos e as maos ao solo e na linha dos
ombros. Ao sinal do avaliador, as criancas deveriam baixar o tronco até cinco centimetros do
solo, de modo que os cotovelos completarem um angulo de 90° graus, e na sequéncia deveriam
realizar a extensao de cotovelos, retornando a posi¢do inicial. Para as meninas adotou-se seis
apoios (maos, joelhos e pés) e para os meninos quatro apoios (maos e pés). O nimero maximo
de flexdes foi registrado e incluido nas andlises [16].

Forca de membros inferiores (salto horizontal) (PROESP-BR): uma linha de partida foi
determinada, e as criangas, posicionadas atrds desta linha, com os pés paralelos ao solo,
deveriam saltar o mais distante possivel, sendo permitido a movimentag¢ao de bracos e o tronco.
A finalizacdo do movimento consistia na aterrissagem com os dois pés no solo e sem perder o
equilibrio. O registro da distancia ocorreu entre a linha de partida e o ponto de contato mais
proximo desta linha. Duas tentativas foram registradas e o melhor desempenho de ambas foi
incluido nas analises [17].

Resisténcia abdominal (curl up) (FITNESSGRAM): deitado em decubito dorsal, com
as maos posicionadas atrds da nuca, com os joelhos flexionados e os pés apoiados no solo, ao
comando do avaliador, a criancga deveria retornar a posicao sentada, levando os cotovelos para
frente de forma a tocar nos joelhos (as maos deveriam permanecer juntas, atrds da nunca,
durante todo o exercicio) e depois retornar a posi¢do em decubito dorsal. O maior ndmero de
repeti¢des que a crianca conseguiu realizar durante 30 segundos foi registrado e considerado

nas analises [16].



102

Velocidade (Shuttle run 10 x 5 metros) (EUROFIT): duas linhas paralelas no solo, com
1,20 cm, e distantes cinco metros uma da outra foram determinadas com cones. Ao sinal do
avaliador, as criangas deveriam correr o mais rapido entre uma linha e outra, completando 10
voltas. O tempo (em segundos) de cada crianga foi registrado ao final da dltima volta, e
considerado nas analises [15].

Agilidade (teste do quadrado) (EUROFIT): uma linha de partida foi delimitada. A
crianga deveria percorrer um percurso delimitado de quatro por quatro metros o mais rapido.
No percurso, cada angulo do quadrado foi sinalizado por um cone para orientar o trajeto. A
crianca deveria tocar com uma das maos cada um dos cones que demarcam o percurso. O tempo
(em segundos) despendido pela crianga foi registrado na tentativa vdlida e considerado nas
analises [15].

Flexibilidade (teste de sentar e alcangcar) (AAHPERD): a crianca deveria estar sentada
no solo, sem calcado e com os pés apoiado no banco de madeira (banco de Wells). Ao sinal do
avaliador, deveria alcancar com ambas as maos a distdncia maxima no banco de Wells através
da flexdo do tronco. Duas tentativas foram realizadas e registradas, e o melhor resultado de
ambas as tentativas foi considerado [18].

Aptidao cardiorrespiratoria (teste de corrida e caminhada 6 minutos) (PROESP-BR): as
criancas tinham que caminhar e/ou correr durante seis minutos em um percurso delimitado (18
x 9 metros). O resultado foi determinado pela distancia final (em metros), considerando duas
casas decimais [17]. A classificacdo da aptiddo cardiorrespiratdria (zona de risco a saude e zona

saudavel) foram propostos por Gaya e Gaya [17].

6.4.6 Competéncia Motora Real

A competéncia motora real foi avaliada através da bateria de teste de Desenvolvimento
Motor Grosso (TGMD-2) [19]. O teste foi usado para avaliar 12 habilidades motoras
fundamentais, sendo seis habilidades locomotoras (correr, pular de um pé, deslocar
lateralmente, galopar, saltar um obstdculo e saltar horizontalmente) e seis habilidades de
controle de objetos (rebater uma bola estaciondria, driblar, pegar, chutar, arremessar e rolar por
baixo). Antes de cada tentativa da crianca, o avaliador fornecia as instru¢des e executava a
habilidade. Para cada habilidade, a crianca recebeu uma tentativa de pratica e duas tentativas
validas para posterior avaliacdo. Conforme o protocolo do teste, o desempenho das habilidades
motoras fundamentais é pontuado com base na presenga (1) ou auséncia (0) de trés a cinco

critérios especificos de cada habilidade. As somas dessas pontuacdes em ambas as tentativas
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para as 12 habilidades (locomogdo e controle de objetos) fornecem uma pontuacdo bruta para
cada subteste locomocgdo (varia de 0 a 48 pontos) e controle de objetos (0 a 48 pontos), e resulta
no escore bruto total do teste (entre 0 e 96 pontos) (Anexo C). A partir dos subtestes e escores
padronizados obteve-se o Quociente Motor Geral, com base nas tabelas normativas para idade
e sexo das criangas. As criancas foram classificadas em: muito superior, superior, acima da

média, média, abaixo da média, pobre e muito pobre.

6.4.7 Competéncia Motora Percebida

A Escala Pictogrifica de Avaliagio da Competéncia Percebida em
Habilidades Motoras [20] foi utilizada para avaliar competéncia motora percebida das criancas
[21] (Anexo D). O instrumento é composto por 12 tarefas pictograficas (que correspondem as
habilidades avaliadas da competéncia motora real, através da bateria TGMD-2), sendo seis
tarefas relacionadas as habilidades de locomoc@o e seis voltadas para as habilidades controle
de objetos. A escala apresenta uma varidvel de resposta de escala likert de quatro pontos
(intervalo de um a quatro). As criancas responderam a escala individualmente (consoante o
folheto especifico do seu sexo) com um avaliador treinado. Para cada tarefa, foram mostradas
as criangas duas ilustracdes, sendo uma crianga realizando a habilidade com competéncia e a
outra ilustracdo com auséncia de competéncia. A crianca tinha de apontar/responder para qual
das ilustragdes mais se parecia com ela. O avaliador registrava a reposta da crianca (Apéndice
B). As pontuacdes para a escala total variam entre 12 e 48 pontos, os valores préximos a 12
representam baixa competéncia motora e valores proximos de 48 demonstram alta competéncia

motora.

6.4.8 Funcoes Executivas

As fungOes executivas centrais avaliadas foram o controle inibitério, memoria de
trabalho e flexibilidade cognitiva (Anexo E).

O controle inibitorio foi avaliado através da bateria de testes Cinco Digitos. O teste
consiste em tarefa neuropsicoldgica utilizada para avaliar o efeito Stroop através de
informacdes conflitantes sobre os nimeros. O instrumento possui quatro etapas, que consiste
na leitura, contagem, escolha e alternancia dos cinco primeiros algarismos arabicos (1, 2, 3, 4
e 5). Os algarismos sdo apresentados dentro de vérios quadrados dispostos em uma péigina

(figura 3). Os nimeros variam aleatoriamente em cada quadrado. Na primeira etapa, € solicitada
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a crianga que leia os nimeros ardbicos que estdo dispostos nos quadrados. Na segunda etapa, a
crianca deve contar a quantidade de asteriscos que hd em cada quadrado. Na terceira etapa,
deve-se contar a quantidade de nimeros dentro de cada quadrado (ndo ha coincidéncias entre
algarismos e a quantidade de ndmeros apresentados em cada quadrado). Na dltima etapa,
executa-se a mesma tarefa da etapa 3, no entanto é acrescentado um novo estimulo, em que
alguns quadrados apresentam uma borda mais espessa, o que indica que a crianga deve alterar
a regra, e invés disso ler os nimeros. Assim, as duas primeiras etapas sdo medidas de aten¢do
automdtica e velocidade de processamento, e as duas ultimas avaliam a atencdo controlada
(controle inibitdrio) e atencdo executiva. Para as andlises foi utilizada a terceira etapa do

instrumento, e as pontua¢des mais altas indicavam pior desempenho [22].

Etapa 1 — Decodificag@o: “Ler apenas os nimeros que contém dentro do quadrado.”

2 4 4 3
1 3 S
2 4 4 3

Etapa 2 — Contagem: “Contar quantos asteriscos (estrelas) tem em cada quadrado.”

* * w* * * >

Etapa 3 — Inibi¢do: “Contar quantos nimeros tem em cada quadrado.”

4 1 1

w
b th b
n~N

4 1 1

Etapa 4 — Alternancia: “Contar os nimeros como fez na parte anterior, mas agora,
quando chegar ao quadrado com a moldura mais escura, vocé deve alterar a regra e,
em vez disso, ler os nimeros.”

4 1 1 2 2

4 1 1 p 2

Figura 3 - Etapas da bateria de teste Cinco Digitos. Adaptado Sedd, De Paula e Malloy-Diniz
[22].

A memoria de trabalho foi avaliada através do teste de Digitos. O teste € um subteste da
Escala Wechsler de Inteligéncia para Criangas (WISC IV), que avalia a inteligéncia de criancas
e adolescentes entre seis e 16 anos. O teste consiste em reproduzir oito sequéncias de nimeros
em duas ordens: ordem direta (exemplo de uma sequéncia, 8 — 10 — 12), e ordem inversa (12 —

10 — 8). Primeiro, aplica-se a ordem direta, seguida pela ordem inversa, tendo duas tentativas
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vélidas para cada ordem. Além disso, hd aumento gradual da quantidade de digitos para cada
sequéncia. Pontuagdes mais altas resultam em melhor desempenho [23].

A flexibilidade cognitiva foi estimada através do teste de Fluéncia Verbal. A tarefa de
fluéncia verbal avalia a capacidade de associacdo semantica e requer uma busca focalizada na
memoria das informagdes armazenadas. O teste consiste em produzir o maior nimero de
palavras semanticamente relacionadas nas categorias determinadas “Animais” e “Frutas”, em
um periodo de 60 segundos. Primeiro pediu-se a crianga para falar o maior niimero de nomes
de animais que conhece no tempo estabelecido. Em segundo momento, pediu-se a crianca para
falar o maior nimero de frutas conhecidas por ela. E na sequéncia, tltima etapa do teste, pediu-
se a crianga para falar pares (um animal e uma fruta). O nimero de palavras produzidas corretas,
erradas e corrigidas na execucdo de cada etapa sdo registradas. As pontuacOes mais altas

indicam melhor desempenho no teste [24,25].

6.5 Analise Estatistica

O banco de dados da presente tese foi elaborado no Microsoft Office Excel®, versao
16. As andlises estatisticas foram realizadas nos programas RStudio software versoes 4.2.1 e
4.3.1 (R Core Team, Viena, Austria, 2022 e 2023); Statistical Package for the Social Sciences
- SPSS® (IBM SPSS, Inc., Chicago, IL, USA), versao 22. O intervalo de confianca foi fixado
em 95% (95%IC). As andlises foram conduzidas através de estatisticas descritivas e
inferenciais.

Os testes de Kolmogorov-Smirnov e Shapiro-Wilk foram utilizados para verificar a
normalidade da distribuicdo dos dados, para posterior aplicacdo de testes apropriados as
caracteristicas das varidveis investigadas (paramétricas ou nao paramétricas) [26].

Estatisticas descritivas foram empregadas separadamente através de frequéncia
(absoluta e relativa), medidas de tendéncia central (estimativas de média e mediana) e de
dispersdo (desvio padrao e intervalo interquartil).

O coeficiente alfa de Cronbach foi utilizado para estimar a confiabilidade entre
avaliadores da competéncia motora nos diferentes momentos de coleta das informagdes (TO,
T1 e T2). As correlagdes > 0,70 corresponde a niveis aceitaveis de consisténcia interna; 0,80 a
0,89 denotam um bom nivel de significancia clinica e > 0,90 ¢ considerado excelente [27].

O coeficiente de correlagao intraclasse (ICC), e respectivos intervalos de confianca, foi
utilizado para avaliar a consisténcia interna dos subtestes locomocao e controle de objetos, e

quociente motor geral nos trés momentos de avaliacdo [28]. Assim, foi realizada uma andlise
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do ICC usando modelo de efeitos mistos de duas vias em que os participantes foram definidos
como efeitos aleatérios e as medidas maltiplas como efeitos fixos, e estdo descritos na Tabela
1 [29,30]. Adotou-se os seguintes critérios para as correlagdes intraclasses: coeficientes < 0,40
representa um baixo nivel de confiabilidade, entre 0,40 e 0,59 denota um coeficiente razoavel,

entre 0,60 e 0,74 coeficiente bom, e entre 0,75 e 1,00 representa um coeficiente excelente [27].

Tabela 1 - Consisténcia interna e coeficientes de confiabilidade do coeficiente de correlacdo
intraclasse (ICC) e os correspondentes intervalos de confianca de 95% da competéncia motora

consoante aos tempos de avaliacao.

Competéncia TO 1 T2

Motora a ICC [95%] a ICC[95%] a ICC[95%]
Locomocao 0,75 0,75[0,64-0,83] | 0,87  0,87[0,82—-0,91] 0,89  0,89[0,83-0,90]
Controle de objetos | 0,98 0,98[0,97-0,99] | 0,95  0,95[0,93 —0,96] 0,95  0,95[0,86-0,98]
QMG 0,88 0,88[0,64-0,99] | 0,90 0,90 [0,82—0,96] 0,90 0,90 [0,83 —0,98]

Legenda: QMG = quociente motor geral; TO = tempo zero; T1 = tempo um; T2 = tempo dois;
o = alfa de Cronbach; ICC = coeficiente de correlacdo intraclasse.

O teste  de independéncia de Student e o teste U de Mann-Whitney foram utilizados no
artigo 1 para comparar as diferencas entre os sexos para as varidveis de crescimento, saide,
atividade fisica, aptidao fisica, competéncia motora real e percebida e funcdes executivas. No
artigo 2, o teste ¢ de independéncia de Student e o teste U de Mann-Whitney foram empregados
para estimar as diferencgas entre os sexos para os indicadores de sadde, atividade fisica, aptidao
fisica, competéncia motora percebida e real e funcdes executivas [26]. O tamanho de efeito €
uma estatistica descritiva complementar ao teste de significancia, e foi utilizado para descrever
a magnitude dos efeitos observados no artigo 1 e artigo 2 [26,31].

O teste Qui-quadrado de Pearson foi empregado no artigo 1 para verificar a associa¢io
da prevaléncia dos indicadores de adiposidade (estado nutricional, percentual de gordura e
relacdo cintura/estatura), atividade fisica (cumpre com as recomendacdes do nimero de passos
didrio e da AFMV), aptidao fisica (aptidao cardiorrespiratoria) e competéncia motora entre
meninos e meninas. O tamanho de efeito do Qui-quadrado foi calculado através da estatistica
denominada razao de chances (odds ratio) [26].

A Anilise de Variancia de Medidas Repetidas (ANOV A-MR) foi utilizada no artigo 3
para avaliar se houve ou ndo diferencas estatisticamente significativas entre as médias dos
grupos de alta e baixa competéncia motora para as varidveis: composicao corporal, atividade

fisica, componentes da aptidao fisica (for¢a de preensao manual, forca de membros inferiores,
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forca de membros superiores, resisténcia abdominal, velocidade, agilidade, flexibilidade e
aptiddo cardiorrespiratdria), e funcdes executivas (memoria de trabalho, controle inibitério e
flexibilidade cognitiva) [26]. Nos casos de rejei¢do da hipdtese nula, utilizou-se o teste post-
hoc de Bonferroni para identificar quais grupos eram diferentes [26].

A Andlise de Rede foi utilizada para avaliar as associagdes ndo lineares entre as
varidveis de interesse [32]. No artigo 2, a Andlise de Rede foi empregada com o objetivo de
analisar a associacdo dindmica e ndo linear entre varidveis de sadde, bioldgicas,
comportamentais e cognitivas em criancas acompanhadas ao longo do tempo. No artigo 3, a
Andlise de Rede foi utilizada para examinar as interacdes dindmicas entre a composi¢ao
corporal, atividade fisica, aptiddo fisica e func¢des executivas em criangas com diferentes niveis

de competéncia motora.

6.5.1 Estimativa da estrutura da rede

As etapas “estrutura” e “descri¢do da rede” seguiram os procedimentos referenciados
no estudo de Burger et al. [33].

Uma rede € uma colecdo de nds e bordas ou arestas, onde os nos representam as
diferentes varidveis observadas, e as arestas sdo usadas para representar a forca das associagdes
entre dois nds (varidveis), depois de controlar todas as outras varidveis no conjunto de dados
[32,34].

Para andlise geral, todos os participantes que continham dados completos foram
incluidos. A selecdo das varidveis e instrumentos utilizados foram descritos previamente na
secdo 6.4. Os nos e arestas considerados em cada artigo estao descritos a seguir.

Para o artigo 2, os nés da rede foram: o sexo, PGC, RCE, atividade fisica (passos e
questiondrio), oito componentes da aptidao fisica (forca de preensdo manual, forca de membros
superiores, forca de membros inferiores, resisténcia abdominal, velocidade, agilidade,
flexibilidade e aptiddo cardiorrespiratéria), competéncia motora percebida, competéncia
motora e as trés fungdes executivas centrais (controle inibitério, memoria de trabalho e
flexibilidade cognitiva).

No artigo 3, os nés das redes emergidas foram: idade, sexo, PGC, atividade fisica
(passos), aptiddo fisica (escore geral), competéncia motora, e fungdes executivas (controle

inibitério, memoaria de trabalho e flexibilidade cognitiva).
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Em ambos os artigos, as arestas representam o método de correlacdo, a partir da matriz
de adjacéncias [32,33]. A natureza das varidveis utilizadas em ambos os artigos estd descrita no

quadro 3.

6.5.2 Descricao da rede

A Andlise de Rede realizada nos artigos 2 e 3, classifica-se como ndo-direcionada (sem
direcionalidade definida, ou seja, a causalidade ndo € determinada) e ponderada (que busca
identificar qual a magnitude/forca das relagdes) [32,33].

O Campo Aleatério de Markov representa um modelo grafico de uma distribuicdo de
probabilidade conjunta, no qual inclui o modelo de rede denominado de Modelo Grafico
Gaussiano (GGM) — também denominado de redes de correlagdo parcial para dados continuos
e categoricos [33,35].

A estrutura de rede adotada em ambos os artigos foi estimada através do método
“Graphical Least Absolute Shrinkage and Selection Operator” (GLASSO) que estima uma
solug@o de maxima verossimilhanca penalizada com base no Critério Bayesiano de Informagao
Estendida (EBIC) [36]. O estimador EBICglasso pode ser utilizado nas condigdes em que a
natureza da varidvel € continua, ordinal e dicotomica; além de se adequar em situacdes em que
o N amostral é pequeno; quando as varidveis sao de diferentes naturezas; em condi¢des em que
as varidveis ndo apresentam uma distribui¢cdo normal [36]. Dessa forma, foi possivel estimar
redes parcimoniosas ("esparsas") que respondem pela maior parte da varidncia com o menor
nimero de arestas [36,37].

A estimativa de rede EBICglasso requer um hiperparametro (y) de ajuste [33,36]. O
hiperpardmetro (y) determina o quanto o EBIC seleciona modelos esparsos e, portanto, o
hiperparametro foi ajustado para 0,25 (variagdo de 0 a 0,50), valor mais parcimonioso em redes
exploratdrias [35-37]. Além disso, a Anélise de Rede utiliza algoritmos de operador de sele¢ao
e contracao minima absoluta regularizada (LASSO) na obten¢do da matriz de precisdao (matriz
de peso) [35]. Nesse sentido, o método de regularizacio EBICglasso implementado no pacote
de software R bootnet versao 1.5.3 foi considerado nas andlises, € para a visualizacdo da
estrutura da rede foi utilizado o pacote de software R ggraph versdo 1.9.5 [35].

A colocacao dos n6s dentro da rede € baseada no algoritmo de Fruchterman-Reingold,
o qual os nds que apresentam as associacdes mais fortes sdo colocados mais no centro da rede

e nds com associagOes mais fracas na periferia da rede [38].
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A precisdo e estabilidade das estimativas das arestas foi avaliada por meio dos
procedimentos de reamostragem de 1.000 bootstrap, implementado no pacote bootnet do R.
Desse modo, o bootstrap possibilitou aproximar a distribui¢do amostral dos parametros na
populacgao [35].

A Anilise de Centralidade foi realizada através do pacote gggraph no R com a finalidade
de computar o papel de cada n6 em uma rede. Os indices de centralidade foram calculados
como escores-Z padronizados e foram considerados: i) betweenness (intermediagcdo) — estimada
a partir do nimero de vezes que um né faz parte do caminho mais curto entre todos os outros
pares de nés conectados a rede; ii) closeness (proximidade) — determinada a partir do inverso
da distancia de um né a todos os outros; iii) strength (for¢a) — representa a soma de todos os
pesos dos caminhos que liga um né aos demais; e 1v) expected influence (influéncia esperada)
—indica as varidveis mais influentes no padrao de rede emergido [33,35].

As relagdes positivas foram expressas pelas cores azul ou verde, e as relacdes negativas
foram expressas pela cor vermelha. Além disso, a espessura e a intensidade da borda indicam a
magnitude das associagdes em todas as redes emergidas [33,35].

A “comparacdo” entre as redes na perspectiva da complexidade torna-se mais fidedigna
quando se usa o indicador denominado entropia, que representa o grau de desordem de um
sistema (ao longo do tempo) [33,39]. Desse modo, quanto menor o valor de entropia, mais auto-
organizado € o sistema. A entropia foi calcula através do pacote EGAnet 1.2.3 no R.

A partir da estrutura topoldgica de rede € possivel ver os clusters que se formam em
cada estrutura de rede emergida. Assim, a andlise de agrupamento refere-se a tendéncia de uma
rede em exibir grupos de nés (clusters) que surgem de suas interconexdes especificas. Desse

modo, foi empregado método de agrupamento ao executar as andlises [33,35,39].

6.5.3 Operacionalizacdo das varidveis

Nos artigos, as varidveis consideradas foram operacionalizadas consoante a natureza das
varidveis, a fim de responder os objetivos propostos de cada estudo. No quadro 3, estdo

apresentadas todas as varidveis incluidas nos artigos que compdem a presente tese.



Quadro 3 - Natureza das varidveis incluidas nos artigos.

Natureza da variavel

Variaveis . . .
Artigo 1 ‘ Artigo 2 Artigo 3
Sociodemograficas
Sexo e Dicotomica e Dicotdmica e Dicotdmica
Idade e Continua e Continua e Continua
Indicadores de adiposidade
IMC . Polltpmlca ) X X
nominal e continua
e Dicotdmica .
RCE . e Continua X
e Continuo
e Politdmica ordinal . e Dicotdmica e
PGC . e Continua .
e Continua continua
Atividade Fisica
a) Escore e Continua e Continua X
e  Dicotomi . e Dicotomi
b) Passos co,to cae e Continua co,to cae
continua continua
¢) AFL, AFMV ¢ CS *  Dicotdmica e X X
continua
Aptidao Fisica
a) Forca manual e Continua e Continua e Continua
b) Forca de membros . h .,
) s e Continua e Continua e Continua
superiores
¢) Forca de membros . h .,
. ) s e Continua e Continua e Continua
inferiores
d) Resisténcia abdominal e Continua e Continua e Continua
e) Velocidade e Continua e Continua e Continua
f) Agilidade e Continua e Continua e Continua
g) Flexibilidade e Continua e Continua e Continua
h) Aptidao e Dicotdmica e . P
) p e . e Continua e Contina
cardiorrespiratdria continua
1) Escore geral de aptidao X X e Dicotdmica
Competéncia Motora Real
e Dicotdmica e ., e Dicotdmica e
QMG p e Continua P
continua continua
Competéncia Motora Percebida
Escala Pictografica e Continua e Continua X
Funcoes Executivas
a) Controle inibitério e Continua e Continua e Continua
b) Memoria de trabalho e Continua e Continua e Continua
¢) Flexibilidade cognitiva |e  Continua e Continua e Continua
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Legenda: AFL = atividade fisica leve; AFMV = atividade fisica moderada a vigorosa
intensidade; CS = comportamento sedentdrio; IMC = indice de massa corporal; PGC =
percentual de gordura corporal; QMG = quociente motor geral; RCE = rela¢do cintura/estatura.

Fonte: Autoria prépria.
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Abstract

Background: Child growth and development are often studied through a linear approach,
which considers the unidirectional relationship between variables. Since child growth and
development are complex systems, in which different variables interact over time, studies need
to take into account these characteristics. Aim: To present the conceptual framework, methods,
and baseline results of the project entitled “Longitudinal-mixed study of growth, development,
and health of children from Zona da Mata Mineira: Design, methods, and baseline results”.
Methods: A total of 67 children (61.2% boys), aged between six to 10 years, were sampled and
split into two cohorts and followed for two years. Growth and adiposity indicators, physical
activity and physical fitness, actual and perceived motor competence, and executive function
were assessed. A Chi-square test, Student t-tests, and/or Mann-Whitney U-test were used.
Results: About 30% of girls and 34% of boys were overweight. Boys were more physically
active compared to girls but also more likely to have motor competence below average; 22%
of the sample was classified as into the health risk zone for cardiorespiratory fitness. On
average, girls had higher values for body fat percentage than boys; while boys presented higher
values for physical fitness, physical activity, and inhibitory control. Conclusions: Overall, the
study's results highlight the importance of promoting healthy lifestyles in children from an early

age to prevent negative health outcomes. Future analysis of longitudinal data will allow for a
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detailed exploration of important factors that influence child growth and development
trajectories.

Keywords: childhood; motor competence; adiposity indicators; cognition; growth and
development.

1. Introduction

Physical activity [1,2], adiposity indicators (such as nutritional status, body fat
percentage, and waist-to-height ratio) [3,4], motor competence [5—7], physical fitness [8—10],
and executive functions [11,12] are important issues for child health, since low levels of these
variables are associated with an increase in health risk factors [2,13—16]. In addition, poor
adiposity indicators and low levels of physical activity, motor competence, and executive
function may negatively affect child's growth and development, with long-term consequences,
since it can track from childhood to adolescence and adulthood [17].

Childhood is a period of life with a huge amount of changes in physical growth,
biological maturation, and learning [18]. Moreover, it is an important period for the acquisition
and development of skills (motor, cognitive and social), behaviours, and habits [19]. Special
attention has been given to the second childhood (from six to 10 years of age) because this is
the moment of the child's insertion into the school environment, with several changes in the
child's life/routine/relationships, and new motor, behavioural, and social skills are learned [20].
In this context, monitoring behaviours and lifestyle during second childhood is of relevance to
identify growth and developmental deficits that increase the likelihood of developing health
risk factors [18,20].

Despite several studies have investigated youth growth, development, and health [21—
241, there is still a lack of research addressing the complex and dynamic relationship established
between these variables over time. In order to address these limitations, the research project
entitled “Longitudinal-mixed study of growth, development, and health of children from Zona
da Mata Mineira” was designed. The purpose of the project was to understand the relationship
between physical activity levels, actual and perceived motor competence, physical fitness,
executive function, and health in children from a longitudinal perspective.

In order to understand the dynamic and complex process of child growth and
development, the project was based on two theoretical models. The first model, proposed by
Stodden et al. [5], includes a wide range of information on physical activity, actual and
perceived motor competence, physical fitness, and adiposity indicators. The model proposes

that the relationship between actual motor competence and physical activity may be influenced
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by mediating variables such as perceived motor competence and physical fitness. The variables
interact with each other and can influence children's engagement in physical activity, which can
have important implications for their physical health (as represented by the risk of obesity) and
well-being [5]. The second model, proposed by Tomporowski et al. [25], is adapted from the
model proposed by Howie and Pate [26], which suggests that physical activity can modify
children's cognitive abilities (attention, memory, and intelligence), and that improvements in
cognition can lead to improvements in academic performance. Thus, Tomporowski et al. model
[25] proposes the inclusion of metacognition as a mediator in the relationship between physical
activity and academic achievement.

Based on the aforementioned theoretical models, the focus of the present project was to
understand children’s growth and health, biological, behavioural, and cognitive variables, using
a complex system approach to a deeper understanding of how these to each other, and how
these relationships occur over time [27]. Itis expected that the results of this research contribute
to a better understanding of the complex interactions between physical activity, physical fitness,
actual and perceived motor competence, adiposity indicators, and cognitive abilities (executive
function) in children. This information may contribute to filling some gaps regarding the subject
studied, and also to understanding the role of these interactions in the expression of children's
growth and developmental trajectories.

Thus, the present study aims to present the key points and methodological domains of
the longitudinal-mixed design study from Zona da Mata - MG; and to describe the baseline
results, by sex, for children’s growth, health, physical activity, physical fitness, actual and

perceived motor competence, and executive function indicators.
2. Materials and Methods
2.1 Ethical aspects

A larger research project with a longitudinal-mixed design entitled “Relationship between
Physical Activity, Motor Competence, Cognitive Skills and School Performance in Children
and Adolescents from three to 12 years old”, was conducted following the guidelines of the
Declaration of Helsinki, and all procedures were approved by the Ethics Committee in Research

involving human beings of the Federal University of Vigosa, under process number 1.888.177.

2.2 Design and sample
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The present study is school-based epidemiological research, resulting from a larger
research project with a longitudinal-mixed. The present study has a cross-sectional design is
school-based epidemiological research, resulting from a larger research project with a
longitudinal-mixed.

The eligibility criteria for the study were: 1) children should be enrolled in school; ii)
agree to participate in the project (Consent Form signed by their legal guardians), and iii) have
no physical and/or cognitive disabilities that could impair the measurements.

A public school in the city of Santo Antonio do Grama, in the Zona da Mata region of
Minas Gerais, was selected to participate in the project. All children enrolled in the 1st and 3rd
grades of primary school were invited to participate in the study. Given the joint interest of the
school board and parents, the response rate was about 78%. A total of 133 children (enroled in
1*t and 3" grades, aged between six and eight) were invited to take part in the study (Table 1).
Of those, 89 children agreed to participate in the research and returned the Conset Form signed
by their legal guardians. Six assessments were conducted over two years. The children's
complete data were reviewed after the last assessment. Children with missing data were
excluded during data analysis, and the final sample comprised 67 children of both sexes, split
into two cohorts.

Table 1. Sample size by grade, age, and sex group at baseline (2017).

Grades Girls Boys Total
1st 20 37 57
3rd 22 34 56
Total 42 71 113

The study included two birth cohorts (children born in 2009 and 2011), with the first
cohort being followed from six to eight years of age, and the second cohort from eight to 10
years of age. In total, there were two years of follow-up, starting in 2017 (baseline — TO) and
followed in 2018 (T1) and 2019 (final assessment — T2). Measurements were conducted twice
a year, in the months of February-March and July-August (Figure 1). The data collection took
place in a 12-month interval from the closest previous one, i.e., child "x" who was assessed in
February-March 2017, was reassessed in the period between February-March of the year 2018
and the year 2019.
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2017 2018 2019
(TO) (T1) (T2)

Ist Ist 2nd 2nd 3rd 3rd
assessment Assessment assessment assessment assessment assessment
Cohort 1 and 2 Cohort 1 and 2 Cohort 1 and 2 Cohort 1 and 2 Cohort 1 and 2 Cohort 1 and 2
n= 50 children n= 39 children n= 45 children n= 32 children n= 40 children n= 27 children
February-March July-August February-March July-August February-March July-August

Total Total Total
n= 89 children n= 77 children n= 67 children

Figure 1. Evaluations of the children by time (TO, T1, and T2), cohort, and month.

The municipality had only one school that offered primary I education. For this reason,
we contacted the school executive board and informed them of our interest in evaluating all
children enrolled in the first and third grades to form the cohort study. Therefore, it was not

necessary to perform a sample calculation.
2.3 Instruments

To characterize the sample, age and sex were recorded. The decimal age of the children

was computed based on birthdate and the date of the measurements.
2.3.1 Growth indicators

Height was assessed with a portable, highly accurate (0.1 cm) stadiometer (Sanny®,
Brazil), and body mass was measured with a digital scale (TEC-117, Tech Line) with an
accuracy of 0.1 kg. Both measurements followed the standardized procedures of Lohman,

Roche, and Martorell [28].
2.3.2 Adiposity indicators

Body mass index (BMI), body fat percentage, and waist-to-height ratio were considered
adiposity indicators. BMI was measured from the standardized formula [BMI=body mass
(kg)/height (m?)]. Children’s nutritional status was defined based on the growth curves of the
World Health Organization [29], and they were classified into four categories: underweight (>

- 2SD), normal weight (< +1SDP), overweight (> + 1SD and <+ 2SD), and obese (> + 2SD).
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The triceps and subscapular skinfolds were measured using a calliper (Mitutoyo, model
BFG308, Cerscorf®) to determine body fat percentage according to international standards for
anthropometric assessment [30]. The classification of body fat percentage used was: low
(including very and low), acceptable, and high (including moderate/high, high, and very high),
following the cut-off points proposed by Lohman, Roche, and Martorell [28].

Waist circumference was measured at the midpoint between the last rib and the border
of the iliac crest using a tape (Sany®, Brazil) with an accuracy of 0.1 cm. The waist-to-height
ratio was estimated, and the classification was performed using the cut-off points proposed by

Ashwell and Hsieh [31] (<0.5 ideal and >0.5 health risk).
2.3.3 Physical activity

Physical activity was estimated using questionnaire, pedometer, and accelerometer. The
Baecke Habitual Physical Activity Questionnaire [32] was applied through an interview. The
questionnaire contains 16 questions divided into three categories: 1) occupational physical
activity (physical activity at school/job); i1) sports physical activity (related to sports practice,
physical exercise, and active leisure time); and iii) leisure (occupation on free time). Responses
are coded on a five-point Likert scale, except for questions 1 and 9. The answers to the
questions, the score for each category, and the total score for habitual physical activity were
estimated, and later included in the analyses.

A pedometer (Yamax, Digi-Walker, model SW 200) was used to estimate children's
physical activity [33]. The children were instructed to use it during waking hours for seven
consecutive days, including at least two weekend days. Children who provided pedometer data
for at least four days (number of steps), including one weekend day, were considered "eligible"
for the study sample. The classification of physical activity level was based on the average
number of total steps by sex (11.000 steps/day for girls and 13.000 steps/day for boys), as
proposed by Tudor-Locke et al. [34], and children were classified as meeting or not meeting
the recommendations.

Accelerometer data were used for a subsample of children (n=32) who used the
accelerometer for seven consecutive days, with at least four valid days, at least one of which
had to be a weekend day. The ActiGraph accelerometer (model GT3X) was used to monitor
time spent in physical activity [at different intensities - light (LPA), moderate (MPA), vigorous
(VPA) (min.day!)] and sedentary behaviour (min.day™!). ActiLife software (version 6.13.4)
(ActiGraph, LLC, Fort Walton Beach, EUA) was used to extract accelerometer data.
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The accelerometer was initialized to collect data at a sampling rate of 30 Hz, with a
normal filter, at 1s epochs, and then the data was re-recorded at 15s epochs. Non-use time was
defined as zero consecutive counts/minutes for at least 20 minutes. To be included in the
analysis, participants had to achieve a minimum of 10 h.day™! of "use time". Based on WHO
guidelines for physical activity, children were classified as meeting the recommendations
(active) if they achieved at least 60 minutes of moderate-to-vigorous physical activity (MVPA)
daily, and as not meeting the recommendations (inactive) if they did not achieve at least 60
minutes/day of MVPA [35].

The children wore the monitors (pedometer and accelerometer) on their right hip,
attached to an elastic belt, and were instructed not to change their daily routine, and only remove
the devices when performing water activities such as shower and swimming. The legal
guardians received a device use diary in which they had to record the time the child put the
monitors on in the morning and took them off each night, or when performing water-based

activities.
2.3.4 Physical fitness

Physical fitness was assessed through different components (handgrip strength, upper
limb strength, lower limb strength, abdominal resistance, speed, agility, flexibility, and
cardiorespiratory fitness) according to the EUROFIT, FITNESSGRAM, AAHPERD,
PROESP-BR protocols [36-39].

1) Handgrip strength: was measured using a digital dynamometer (JAMAR®, Model
5030, J1). The child should stand with the dominant hand, arm extended and slightly away from
the body, and squeeze the device with maximum force when instructed to do so by the evaluator.
The same procedure was performed with the non-dominant hand. Two trials were recorded for
each hand and the highest value was considered. The average between the best score for each
hand (dominant and non-dominant) was calculated and used in the analyses [36].

i1) Upper limb strength (push up): the children had to position themselves in a prone
position, keep their elbows extended and their hands on the ground and in line with their
shoulders. At the signal of the evaluator, the children had to lower their trunks to five
centimeters above the ground so that their elbows were at a 90-degree angle, then perform an
elbow extension and return to the starting position. The maximum number of flexions was
recorded and included in the analyses [37].

iii) Lower limb strength (horizontal jump): the children positioned behind the starting

line, with their feet parallel to the ground, should jump as far as possible (arm and trunk
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movements were allowed). The completion of the movement was to land with both feet on the
ground without losing balance, and the distance was measured between the start line and the
contact point closest to the start line. Two trials were recorded, and the best performance of
both trials was used in the analyses [38].

iv) Abdominal resistance (curl up): lying on his back, hands behind his neck, flexed
knees, and feet flat on the floor. On the evaluator's command, the child should go to a sitting
position, bringing the elbows forward to touch the knees (the hands should remain together,
behind the neck, during the entire exercise) and then return to the supine position. The highest
number of repetitions the child could complete in 30 seconds was recorded and included in the
analyses [37].

v) Speed (Shuttle run 10 x 5 metros): Two parallel lines on the ground, five meters apart.
At the signal of the evaluator, the child should run as fast as possible from one line to the other,
crossing it ten lapes. The time (in seconds) for each child was recorded at the end of the last lap
and included in the analyses [36].

vi) Agility (square test): The child had to complete a four-by-four-meter course as
quickly as possible. Along the way, each angle of the square was marked by a cone to guide the
path. The time (in seconds) spent completing the task was recorded [36].

vii) Flexibility (sit and reach): The child should sit without shoes on the floor with his
feet on a wooden bench (Wells bench). At the signal of the evaluator, the child used both hands
to reach the maximum distance on the Wells bench by flexing their trunk. Two trials were
performed and recorded, and the better result of both trials was used in the analyses [39].

viii) Cardiorespiratory fitness (six-minute run/walk test): the child had to walk and/or
run for six minutes on a marked course (18 x 9 meters). The result was determined by the
distance covered after 6 minutes [38]. The classification proposed by Gaya and Gaya [38] was

used (health risk zone and healthy zone).
2.3.5 Motor competence

The Test of Gross Motor Development (TGMD-2) [40] was used to assess 12
fundamental motor skills, including six locomotor skills (running, hopping on one foot, side-
shifting, galloping, jumping, and horizontal jumping) and six object control skills (bouncing a
stationary ball, dribbling, catching, kicking, throwing, and rolling under). For each test, the
child was given one practice trial and two valid trials for further evaluation. Before each trial,
the evaluator gave instructions and performed the test. According to the test protocol, the skill

assessment presents success criteria (ranging from three to five for each skill) and
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corresponding scores. A score of "1" (meets the criterion) or "0" (does not meet the criterion)
is given. The sum of the Locomotion skills (ranging from O to 48 points) and Object Control
(ranging from O to 48 points) gives the total raw score for the test (ranging from O to 96 points).
Based on the normative tables for age and sex, the General Motor Quotient was calculated from
the locomotion and object control raw score. The classification of the general motor quotient
(very superior, superior, above average, average, below average, poor, and very poor) was
recategorized as average (including very superior, superior, above average and average), and
below average (including below average, poor and very poor). The raw scores for locomotion
and object control and the general motor quotient were used in the analyses.

Intraclass correlation coefficient (ICC) analysis using a two-way mixed-effects model,
with participants defined as random effects and multiple measures as fixed effects, was used to
assess interrater consistency, with ICC values ranging from 0.75 to 0.98 (locomotion [a=0.75,

ICC95%: 0.64 — 0.83]; object control [a=0.98, ICC95%: 0.97 — 0.99]).
2.3.6 Perceived motor competence

The Pictographic Scale for the Assessment of Perceived Competence in Motor Skills
[41] was used to assess children's perceived motor competence. The instrument consists of 12
pictographic tasks, six related to locomotor skills and six to object control. The scale uses a
four-point Likert scale response variable (range from one to four). Children completed the scale
individually (according to their sex-specific booklet) with a trained researcher. For each task,
children were shown two illustrations, with one child performing the skill with motor
competence and the other illustration performing the skill without motor competence. Children
had to point/answer which of the illustrations most resembled them. Scores on the total scale
range from 12 to 48, with scores near 12 indicating low motor competence and scores near 48

indicating high motor competence.
2.3.7 Executive functions

The executive functions of inhibitory control, working memory, and cognitive
flexibility were assessed.

Inhibitory control was assessed by the Five Digits Test. The test is a neuropsychological
task designed to assess the Stroop effect of conflicting information about numbers. The
instrument has four steps, which consist of reading, counting, selecting, and alternating the first
five Arabic numerals. The first two are measures of automatic attention and processing speed,

and the last two assess controlled attention (inhibitory control) and executive attention. The



123

third step of the instrument was used for analysis. Higher scores indicate poorer performance
[42].

Working memory was assessed using the Digits Test (Wechsler Intelligence Scale for
Children — WISC 1IV). The instrument is an intelligence assessment battery for children and
adolescents aged from six to 16. The subtest used for the Working Memory Index (WMI)
consists of reproducing a sequence of digits. The test consists of the reproduction of eight
sequences of digits in two orders: direct order (e.g., 2 — 8 — 10) and reverse order (10 — 8 — 2).
First, the direct order is applied, followed by the reverse order, with two valid trials for each
order. In addition, the number of digits for each sequence is gradually increased. Higher scores
result in better performance [43].

Cognitive flexibility was assessed by the Verbal Fluency Test. The test is to produce the
highest number of semantically related words in the categories of animals and fruits within a
60-second time limit. The number of words pronounced correct, wrong, and corrected was

recorded. Higher scores indicate better performance on the test [44,45].
2.3.8 Data collection procedure

Children were selected based on the inclusion and exclusion criteria of the study. Three
1% grade classes (A, B, and C) and three 31 grade classes (A, B, and C) with an average of 19
children each were evaluated. According to the school shift (morning and afternoon), the
evaluation of the selected class took place on two days. Children were randomly selected within
classes.

The anthropometry and executive function stations took place simultaneously in different
rooms. While one group of children had their anthropometric measurements taken, the other
group was assessed for executive function. After each station was completed, the groups
switched places. The room for anthropometric measurements had separate spaces for boys and
girls, and every effort was made to ensure that each child was assessed by an evaluator of the
same gender. The rooms used for the executive function assessment were set up to
accommodate the child and the evaluator, with no drawings, maps, or pictures that might
distract the child. The approximate time for each station was 60 minutes.

The children were evaluated in the school gymnasium according to physical fitness and
real motor competence real protocols. The physical fitness assessment tests were conducted
before the break so that the children would not feel any discomfort during the tests due to the
time lapse between their last meal and the test. The approximate time for the physical fitness

assessment was 30 minutes for a group of up to 10 children.
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After the break time, the children's motor competence was assessed. Two stations were
set up, one for locomotor skills and the other for object control skills. Each station assessed two
children at a time. At the end of each assessment, the stations were rotated. The approximate
time to assess real motor competence for a group of up to four children was 30 minutes.

The assessment of perceived motor competence (pictographic scale), physical activity
(questionnaire), and sample characterization questionnaire took place in a reserved area of the
multisport court and lasted about 30 minutes per child. The final step of data collection was the
direct estimation of physical activity, which occurred later than the data collection week due to
the number of available devices. On average, it took 15 days to assess all children.

The research team was composed by 10 professionals and/or students of physical
education, who were trained in the measurement protocols (anthropometry, executive functions,
actual and perceived motor competence, physical fitness, and physical activity). New training
sessions were held every six months, to remind the evaluators of the evaluation procedures and
also train new team members. The duration of the evaluations in the school required one week

(five working days) for each data collection session.
2.4 Statistical analysis

Mean + standard deviation (SD), median (interquartile range), and relative and absolute
frequencies were used to present descriptive information for growth and adiposity indicators,
physical activity, physical fitness, actual and perceived motor competence, and executive
functions. No missing data was observed. The distribution of the data was formally checked
using Kolmogorov-Smirnov test. A Chi-square test (32) was used to association the prevalence
of adiposity indicators (nutritional status, body fat percentage, waist-to-height ratio), physical
activity (steps and MVPA, meeting recommendations), physical fitness (cardiorespiratory
fitness), and actual motor competence, between boys and girls. Odds ratio analyzes were
conducted. The Student t-tests for independent samples and Mann Whitney U-test were used to
identifying sex differences for the variables assessed at baseline. The effect sizes (ES) of the
parametric comparisons were also calculated, and established cut-off points were used (up to
0.4 small; 0.5 to 0.8 medium; greater than 0.8 large) [46]. The confidence interval was fixed at
95% (95%CI). The data were analyzed using SPSS statistical software package, version 22
(IBM SPSS, Inc, Chicago, IL, USA).

3. Results
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The sample comprised 67 children (61.2% boys). Table 2 shows the prevalence of
adiposity indicators (nutritional status, body fat percentage, and waist-to-height ratio), physical
activity (steps and MPVA min.day-!, meeting recommendations), physical fitness
(cardiorespiratory fitness), and actual motor competence, at baseline. A significant association
was found between actual motor competence by sex (x*(1) = 6.317, p = 0.012). Analysis of the
adjusted standardized residuals showed that the below-average and superior ratings were
associated with sex. Odds ratio analyzes showed that boys were 0.22 times more likely to have
below-average actual motor competence when compared to girls. No sex differences were
observed for the other variables. For physical activity, around 85% of boys and girls did not
meet the recommendations for daily steps, and 50% of girls and 68% of boys were considered
inactive based on MVPA. Regarding cardiorespiratory fitness, about 15.4% of girls and 7.3%
of boys were classified into the “health risk zone” (Table 2).

Table 2. Prevalence of adiposity indicators, physical activity, cardiorespiratory fitness, and

actual motor competence.

. Girls (n=26) Boys (n=41)
Variables n (%) 95%CI n (%) 95%CI a p-value
ADIPOSITY INDICATORS
Nutritional status
Underweight - - 2(4.9) 0.0-12.2
Normal weight 18 (69.2) 50.0 - 84.6 25 (61.0) 46.3-75.6 2463 0482
Overweight 6 (23.1) 7.7-423 9 (22.0) 9.8-34.1 ‘ ‘
Obesity 2(7.7) 0.0-19.2 5(12.1) 24-244
Body Fat Percentage
Low 2(7.7) 0.0-19.2 9 (22.0) 9.8 -34.1
Acceptable 16 (61.5) 42.3-80.8 23 (56.1) 41.5-70.7 2.539 0.281
High 8 (30.8) 15.4-50.0 9 (22.0) 12.2-34.1
Waist-to-Height Ratio
Ideal 24(92.3) 80.8—100.0 37(90.2) 80.5-97.6
Health risk 2(1.7) 0.0-19.2 4(9.8) 24-19.5 0.085 0.771
PHYSICAL ACTIVITY
Steps
Meet recommendations 4 (15.4) 3.8—-30.8 6 (12.2) 4.9 -26.8
Do not meet 22(846) 692-962  35(854) 732-951 0007 0933
recommendations
MVPA (60 min.day-!) *
Active 8 (50.0) 25.0-175.0 5(31.2) 12.5-56.3 1174 0.279
Inactive 8 (50.0) 25.0-175.0 11 (68.8) 43.8-87.5 ‘ ‘
PHYSICAL FITNESS
Cardiorespiratory Fitness
Ideal . 22 (84.6) 69.2 —96.2 38 (92.7) 85.4-100.0 1.075 0.300
Health risk 4 (15.4) 3.8-30.8 3(7.3) 0.0-14.6
ACTUAL MOTOR COMPETENCE
Motor Competence
Average 10 (38.5) 19.2-57.7 5(12.2) 24-24.6 6317 0.012
Below average 16 (61.5) 42.3 —80.8 36 (87.5) 75.6—-97.6 ) )

* Moderate to vigorous physical activity (girls n=16, and boys n=16); 95%CI (95% of Confidence interval); x>
(Chi-square test). The value in bold indicates statistical significance at the level of p < 0.05.
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Descriptive statistics for growth and adiposity indicators, physical activity, physical
fitness, actual and perceived motor competence, and executive functions are shown in Table 3.
On average, boys had higher scores for physical activity (score) [tes= —3.314; p= 0.002],
physical fitness (handgrip strength [tes= —2.060; p= 0.040], abdominal resistance [tes= —3.168;
p=0.003], agility [tes= 2.415; p=0.019], cardiorespiratory fitness [tes= —2.300; p= 0.025]), and
executive function (inhibitory control [U= 349.00; p= 0.018]) than girls. Girls showed higher
values for body fat percentage [ts)= 4.820; p=0.001], and better performance on the flexibility
component [tes)=2.551; p=0.013]. Effect size results showed that adiposity indicators, physical
activity and abdominal resistance presents a large difference between sexes, while a medium

effect difference was shown for most of the physical fitness test.

Table 3. Descriptive characteristics and comparison by sex for growth and adiposity indicators,
physical activity, physical fitness, actual and perceived motor competence, and executive

function variables.

Girls (n=26) Boys (n=41) Total (n=67)
Variables Mean + SD  Median (IQR) Mean + SD I\E[Ie(gllia)n Mean + SD 1\(/[1%111;‘)“ p-value
GROWTH INDICATORS
Age (year) 7.07 £1.00 6.47 (2.00) 7.31+£095 7.77(1.92) 7.56+0.99 8.04(2.05) 0.452°?
Height (m) 1.23 £0.07 1.21 (0.15) 125+0.07 1.26(0.07) 1.26+0.06 1.25(0.09) 0.265%¢
Body mass (kg) 25.56 £5.84 (283.7889) 2647 £6.76 26.05 (5.90) 277’£§S6i 26.25(9.41) 0.561°¢
ADIPOSITY INDICATORS
BMI (kg/m?) 16.63 £2.33 1631 (3.05) 16.51 £2.85 15.92(3.26) 162'8;; 16.05 (4.76)  0.848°<¢

Waist-to-height

ratio 0.44 +0.03 0.44 (0.05) 045+0.04 0.44(0.05) 045+0.04 0.44(0.06) 0.568><

E%iy fat percentage ) 764 605 22.00(1034) 15254649 13.14 (7.78) 198%?* 18.18 (3.67)  0.001b<
PHYSICAL ACTIVITY — QUESTIONNAIRE AND PEDOMETER
Score 754+1.07  7.55(1.03) 842+1.03 8.12(1.22) 8.08+1.12 8.00(1.25) 0.002>¢
Stens 7079.47 + 6514.75 807579+ 700025 768916+ 695525 .o
p 3624.59 (4766.50) 4252.84  (6876.38)  4022.10  (6302.25)
PHYSICAL ACTIVITY AND SEDENTARY BEHAVIOUR — ACCELEROMETER (minutes/day) *
SB 1254.54 + 1249.88 126866+ 126016  1261.60% 125518 o0
45.88 (66.71) 68.23 (111.97) 57.64 (93.62) :
117.51 + 11121 + 102.71 114.36 + 112.15 oo
LPA 3370 1260BGHID T yges (86.78) 4141 (472 0674
5836 + 51.09 + 46.86 5472 + 5245 oo
MVPA 17.68 6144 (24.52)  "H389 (30.36) 21.00 2648) 0336
PHYSICAL FITNESS
g(ag‘;dg“p stength 10 414258 10.00(2.56) 1181179 11.00(4.00) 12365;. £ 1075(325) 004009
Upper Hmbs 3504371 250(6.00) 5.02+4.04 4.00(7.00) 4.09+382 3.00(650) 0.117
strength (rep)
Lower limbs  100.47 + 108.51 + 107.50 104.99 + 103.50 be
strength (cm) 1400  100S0@HID - THg5s (32.85) 18.94 2425 0102
Abdominal b
. 792512  8.00(7.00) 1195498 12.00(6.00) 9.50+5.67 11.00(7.75) 0.003¢
resistance (rep)
2379 + 25.63 .
Speed (s) 24172729 2630 (14.44) 2354640 2540(775) T 0 (oos) 031

Agility (s) 8.50 £0.64 8.55 (0.90) 8.06+£0.82 8.03(1.10) 8.09+0.73 8.08(0.73) 0.019°¢



127

Flexibility (cm) 28.81£4.76  29.30(7.78) 2549 +£5.81 26.70(6.10) 276?)39 2820 (8.75) 0.013°4
Cardiorespiratory 808.25 815.63 876.13 £ 887.62 864.41 £+ 863.07 0.025 b4
fitness (m) 116.84 (152.38) 119.10 (164.35) 125.22 (177.30) )
ACTUAL MOTOR COMPETENCE
Locomotion (pts) 3546 +543 36.75(8.63) 3523 +4.36 35.50(6.00) 3637755 = 3725 (4.00) 0.857°¢
Object control (pts)  25.88 £5.89  27.00 (9.00) 28.48 +4.86 28.00 (7.25) 275' l;ii 28.00 (7.88)  0.066">4
General motor 83.15+ 77.90 + 78.81 79.00 + 79.00 be
quotient (pts) 13.89 85.00 (25.50) 10.81 (11.24) 19.50 (18.00) 0.109
PERCEIVED MOTOR COMPETENCE
Total score 4042 +6.35 40.50(11.50) 41.00+4.89 41.00 (8.00) 395%65 = 4000 (8.75)  0.695°¢
EXECUTIVE FUNCTIONS

- 115.46 + 94.36 + 86.00 92.03 + 86.50 a
Inhibitory control (s) 44.45 108.50 (49.00) 2711 (36.00) 21.99 (28.25) 0.018
Working  memory 2597 25.19 + be
(pts) 2396 £7.57  24.00 (5.50) 14.67 24.00 (7.00) 1238 24.00 (4.00) 0.720

Cognitive flexibility
(pts)
Legend: cm — centimetres; SD — standard deviation; IQR — interquartile range; BMI — body mass index; SB —
sedentary behaviour; LPA — light physical activity; MPA — moderate physical activity; VPA — vigorous physical
activity; MVPA — moderate to vigorous physical activity; pts — points; rep — repetition; s — seconds *Accelerometer
physical activity (girls n=16, and boys n=16); * Mann Whitney U-test; ® student t-test for independent sample; ©
small effect; ¢ medium effect; © large effect.

3.65+1.67 4.00 (2.25) 392+1.61 4.00(2.00) 390+1.51 4.00(2.00) 0.900*

4. Discussion

The study aimed to present the methods of the longitudinal-mixed design study from
Zona da Mata — MG, and describe the baseline results by sex for growth and health, physical
activity, physical fitness, actual and perceived motor competence, and executive function
indicators in children. The main results showed a significant association between sexes and
actual motor competence, with boys having a higher chance of presenting motor competence
below average when compared to girls. The comparative analyses showed that girls had a higher
body percentage fat and higher performance in the flexibility test when compared to boys. On
the other hand, boys performed better in physical activity, physical fitness, and executive
function (i.e., inhibitory control).

Among the studied adiposity indicators, about 30% of girls and 34% of boys were
overweight, and girls had higher values of body fat percentage compared to their peers. Similar
findings were observed by Lima et al. [47] who found a high prevalence of body fatness in
children aged six to 13 years. In another study, Shaw et al. [48] evaluated the body fat
percentage of 1251 healthy children and adolescents aged five to 18 years from Caucasian,
South Asian, and Caribbean ethnic groups and found significant differences between sexes,
with girls showing higher values at age five. Sex differences in body composition can be
explained by environmental and genetic interactions in diet, linear growth, and body fat

percentage [14,49], as well as differences in types of physical activity or metabolism, namely
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the production of the hormone leptin, which may favor an early accumulation of fat in girls,
consistent with previous evidence [50,51]. Since being overweight before puberty may be
associated with a significantly increased risk of type 2 diabetes and cardiovascular disease in
middle age [3,4,49], it is essential to develop strategies to monitor and track adiposity indicators
from early ages in order to intervene in acquired habits that may negatively affect health
markers.

A high prevalence of inactivity was observed in both sexes. Similar results were found
by Gu et al. [52] who found that more than 70% of North American children aged six to 11 do
not meet physical activity recommendations. Regular physical activity in children and
adolescents has been associated with reduced adiposity, healthy cardiometabolic biomarkers,
improved physical fitness and bone health, and positive psychological and cognitive health
outcomes [53,54]. In Brazil, about 89% of female adolescents and 78% of male adolescents
were physically inactive, according to the Global Status Report on Physical Activity 2022 [1,2],
and 80% of adolescents worldwide do not meet the recommendation of at least 60 minutes of
moderate-to-vigorous physical activity per day [55]. In addition, we observed that boys had
higher scores than girls, which is well-recognized in the literature [7,17,53]. In general, boys
(from early ages) are involved in a wider range of activities that allow them to develop a higher
variety of physical and motor tasks than girls [6]. Possibly the type of physical activity that
takes place outside the school environment may help to understand these results. For example,
in our study, about 37% of boys reported practicing "soccer," "futsal," and "karate" with a
weekly frequency between 1 and 2 hours, while only 2.6% of girls reported practicing "dance"
with a weekly frequency of between 1 and 2 hours, and the other girls didn't report any
structured physical activity (data not shown).

Regarding cardiorespiratory fitness, about 22% of children of both sexes were classified
as at risk for this component. Previous data indicated that only 32.2% of Brazilian children and
adolescents (6 to 19 years old) met the recommendation for cardiorespiratory fitness [56]. In
another study, 70% of the children had cardiorespiratory fitness in the health risk zone [8],
which indicates a low level of cardiorespiratory fitness in our country [57]. The findings that
boys are more physically fit than girls, especially in strength, abdominal endurance, agility, and
cardiorespiratory fitness, but not in flexibility, are also widely reported in the literature
[9,10,18]. Societal norms and expectations may encourage boys to engage in more physical
activity and sports, leading to increased fitness levels [10,58]. Additionally, genetic and
environmental factors may also play a role in shaping differences in physical fitness between

boys and girls. Studies investigated the physical fitness in children (different ethnicities -
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Portuguese, Brazilian, Chinese, Galician) aged six to 18 years and showed that boys performed
better than girls in most tests [8—10,59]. Therefore, cultural and social factors must be
considered when analyzing physical fitness, because by considering these factors, we can better
understand the complex interplay between individual biology and behaviour, and develop more
effective strategies for promoting physical fitness and overall health.

Our results for actual motor competence show that both girls and boys have relatively
low scores according to the normative tables for age and sex. In addition, boys are 0.22 times
more likely than girls to be classified as below average motor competence. There are many
factors can influence motor competence, including genetics, environment, diet, and physical
activity levels [60,61]. In a recent study, Verbecque et al. [15] evaluated 1037 Ghanaian and
South African children aged six to 12 years and found low motor competence in both groups.
Evidence shows that a lack of motor competence is a barrier to engagement in various motor
and physical activities, resulting in dropout, which can negatively affect children's lifestyles
[7,47,62]. In addition, children with low levels of motor competence may be less likely to
develop motor skills and physical fitness, which can impair their development [5,7]. We support
the development of motor competence from an early age is crucial for a child's overall health
and well-being, and can have positive impacts on their physical, cognitive, and social-emotional
development [5,7].

High levels of perceived motor competence were observed, which can help some
benefits over time, allowing high involvement in the practice of activities that allow the
development of motor skills and physical fitness of these children [63,64]. On the other hand,
negative aspects should be mentioned, such as frustration when realizing that their actual motor
competence in performing activities does not match their perceived motor competence, leading
to dropping out of the practice [64]. Therefore, we encourage the development of this construct
throughout childhood, because the development of motor competence is not only about
acquiring physical skills, but also about developing a positive perception of one's own abilities.
It is important to provide practice conditions that allow children to align actual and perceived
motor competence, because it can have significant impacts on their motivation, engagement,
and long-term physical activity habits.

Boys performed better in inhibitory control (one of the central executive functions).
There is evidence to suggest that the cognitive demands of complex motor actions may
contribute to the effects that physical activity has on inhibitory control [65,66]. That is, the
complexity of the environment (e.g., open skill activities) plays a key role in children's cognitive

and motor development [65]. Thus, in our results, we can observe that boys practiced more
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open skill activities, such as soccer and futsal, where the basic premise is quick decision-making
and instant reactions, and thus this type of practice may have contributed to the development of
inhibitory control. Executive functions underlie the ability to plan and achieve goals, exercise
self-control, and maintain focus despite distractions [11]. In this sense, we emphasize the
relevance of central executive functions in the process of child growth and development,
especially given their (indirect) interaction with the other variables studied. Children who have
good executive function tend to perform better in multiple life constructs (academic, social,
emotional, and motor) [11,67].

The longitudinal mixed design is relevant to the study of dynamic phenomena,
highlighting quantitative and qualitative dimensions of change in real time as the phenomenon
of interest occurs [68,69]. In this sense, the methodology used in this study, particularly its
design and measurement, has made it possible to have a relatively short follow-up period
(compared to longitudinal studies), which reduces the problems associated with dropping out.
A relevant aspect of this work is the inclusion of a comprehensive range of biological,
behavioural, and cognitive information that plays relevant roles in growth, development, and
health throughout childhood. The instruments and procedures are consistent with other
international studies and were appropriate for the present sample [23,24]. Finally, the
integration of the theoretical model, temporal frame, and statistical methods employed will
allow the study to provide longitudinal data information for parents, and health professionals,
as well as to identify children who are at risk for health problems.

Strengths of the study include a conceptual approach and a wealth of information based
on classic theoretical models in the research area. The longitudinal-mixed design and age range
make it suitable for analysing changes (intra-individual and inter-individual) and its many
facets. In addition, we use direct measurements of body mass and height, waist circumference,
and skinfolds, physical activity (estimated through three instruments - questionnaire,
pedometer, and accelerometer), physical fitness, motor competence, and executive functions.
Another point to be mentioned is the use of cutting-edge statistical analyses with longitudinal
data that will be employed in future studies, which will enable the understanding of dynamic
and complex interactions that affect the growth, development, and health of children. Thus, the
research data will provide important information to families (through lectures, workshops, and
educational programs), school, and local health authorities about the status of adiposity
indicators, activity levels, actual and perceived motor competence, physical fitness, and
executive functions of children from the Zona da Mata - MG. Despite the strengths, some

limitations of the present study should be considered. The study was limited to a small sample
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from a specific region in Brazil, that is representative of the place, although the data should not
be generalized. Subtle differences in lifestyle, environment, and other factors, such as age and
sex must be considered, which can lead to different expressions and behaviours related to the
processes of growth, development, and health in children. Lastly, we did not evaluate nutritional
factors and environment information that might help the understanding of the results.

We understand that the results found are relevant for discussion, to contribute to future
research and advances of science in this research area. Thus, patterns of growth and
development differ by child sex and the time period under consideration, and we support more
longitudinal research that focuses on the complex and dynamic interactions between health,

biological, behavioural, and cognitive variables during childhood.

5. Conclusions

The baseline results of the study showed a high prevalence of overweight and physical
inactivity in the sample. Boys were more physically active, but more likely to have below-
average motor competence than girls. In addition, sex differences were observed in body fat
percentage, physical fitness, physical activity, and inhibitory control. Such evidence reinforces
the concerns about overweight, physical inactivity, low levels of motor competence and
physical fitness in children, worst levels of inhibitory control, and the negative consequences
of these behaviours throughout childhood. Future publications with data from this project will
focus on presenting more detailed results on the complex and dynamic interactions between

health, biological, behavioural, and cognitive variables across development.
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Abstract: The present study examined gender differences in health, physical activity, physical
fitness, real and perceived motor competence, and executive function indicators in three time
points, and analyzed the dynamic and non-linear association between health, biological,
behavioral, and cognitive variables in children followed over time. A total of 67 children (aged
between six and 10 years) were followed during two years and split into two cohorts (six to
eight years old: C1; eight to 10 years old: C2). Data regarding health, physical activity, real and
perceived motor competence, physical fitness, and executive function indicators were obtained
according to their respective protocols. Comparison tests and network analysis were estimated.
Significant gender differences were found in both cohorts. The emerged networks indicated
different topologies in both cohorts. No clusters were observed between the variables in C1,
and there was a greater number of interactions at eight years of age. Sparse networks were
observed in children aged eight and 10 years in C2, and greater connectivity was observed at

nine years of age between health, physical fitness, motor competence, and physical activity
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indicators. This study showed that there are non-linear dynamic relationships between health,

biological, behavioral, and cognitive variables over time during child development.

Keywords: growth and development; fundamental motor skills; physical activity; health;

cognition; complex systems; childhood.

1. Introduction

Children not only undergo changes in physical/biological aspects during the growth and
development processes, but also in cognitive, social, and behavioral aspects, which can echo
throughout life [1,2]. Physical activity stands out among the variables associated with these
changes, and involves a wide range of movements considered essential for independence and
interaction with the environment, such as functionality, performance, leisure, and well-being
[1,3]. The interaction between movement activities and the environment favors performing
motor skills, as well as the underlying mechanisms (motor control and coordination) referred
to in the literature as motor competence [4—8], which has been highlighted as important for an
active and healthy lifestyle with relevance to child growth and development [9—11].

In addition to physical activity and motor competence, body composition [12],
perceived motor competence [13], physical fitness [14], and executive functions [15,16] have
been identified as important factors for children’s health. In this context, Bremer and Cariney
[17] synthesized the literature that examined the impact of movement skills in five health areas
(physical activity, physical fitness, body composition, self-perception, and executive
functioning), and the results highlight that there is evidence that movement ability can have a
positive influence on broad health domains, both over developmental time and through
interventions. Similar results were reported in other studies [5,12,18]; however, given the
complexity, the mechanisms by which all these variables interact and cooperate to generate
healthy movement and behavior patterns in children still seem to be unknown, especially when
it comes to different age groups.

There are many studies that have paid attention to understanding the factors (biological,
behavioral, and cognitive) associated with human growth and development in both genders
[12,16,19]. A general point in common among the works that investigated the relationships
between physical activity, real and perceived motor competence, physical fitness, executive
function, and adiposity indicators in children is to point out the differences between the genders
[20,21], in addition to considering that these relationships are established linearly [13],

disregarding dynamic and non-linear synergistic interactions between variables. In this
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perspective, cross-sectional studies [22,23] have shown that there are non-linear relationships
between movement behavior variables, fundamental motor skills, and screen time in
preschoolers (as far as we know, studies that have explored the same relationships in children
aged six to 10 are still unknown). On the other hand, longitudinal studies, which can describe
in depth the changes resulting from the growth and development process and allow the
observation of the non-linear interactions between health, biological, behavioral, and cognitive
variables, are scarce especially in second childhood [24]. For example, Cazorla-Gonzdlez et al.
[24] explored the impact of crawling before walking on a network of interactions between body
composition, cardiovascular system, lung function, motor competence, and physical fitness in
children seven years old and evaluated the longitudinal association between the studied
variables. The authors observed that the group that crawled before walking presented more links
among all the variables studied compared to the group that did not crawl. In this sense, new
investigations (cross-sectional, longitudinal, and intervention) are needed to try to fill to this
gap.

Since human behavior presents emergent properties as a result of the interaction
between different variables [25,26], the use of dynamic systems and complex systems theory
can help to better understand the phenomena of change and clarify how behavior (of a given
and/or a set of variables) changes over time [27]. Furthermore, the system itself has an intrinsic
tendency to create certain patterns [27], which can result in different network configurations
and provide useful information about the specific role of components within an integrated
network [28]. Thus, the relationship between health, physical activity, physical fitness, real and
perceived motor competence, and executive function indicators can be better understood
through network science [25], rather than just being examined by an analysis of associations
separately, as in comparison analyses, which, notwithstanding their relevance, do not allow a
deeper understanding about the interactions between multiple variables. Assuming that these
variables are mutually related during childhood, and the interactions between them are complex,
and that different patterns of networks can emerge, understanding how interactions occur over
time can provide relevant answers to existing gaps on the subject [29,30]. In addition,
understanding these emerging network patterns can provide insights for future interventions in
the most sensitive variables or set of variables in the system. The main objective of this study
was to analyze, through network analysis, the dynamic and non-linear association between
health, biological, behavioral, and cognitive variables in children monitored over time, and as

a secondary objective, to estimate the gender differences in health, physical activity, physical
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fitness, real and perceived motor competence, and executive function indicators in three

moments.

2 Materials and Methods
2.1. Ethics Declaration

This study was conducted in accordance with the guidelines of the Declaration of
Helsinki and all procedures were approved by the Ethics Committee in Research involving

human beings of the Federal University of Vigosa, under process number 1.888.177.

2.2. Study Design and Participants

This longitudinal study is part of the research project “Relationship between Physical
Activity, Motor Competence, Cognitive Skills and School Performance in Children and
Adolescents from three to 12 years old”. The participants were monitored over time and
evaluated at three different times one year apart (3 evaluations over 3 years). Thus, the first
evaluation (baseline, TO) was performed between February/March and July/August 2017,
followed by an evaluation in 2018 (T1), and another in 2019 (T2). Children of both genders
aged between six and 10 years, regularly enrolled between the first and fifth grades of the
elementary school in the only public elementary school in the city of Santo Antonio do Grama,
Minas Gerais, Brazil, were sampled. In the last census, the municipality had a demographic
density of 31.37 inhabitants/km? and an average population of 4.085 inhabitants [31].

A total of 113 children were enrolled in the first and third years of an elementary school
in the baseline. Of this total, only 89 children agreed to participate in the study. Of the 89
children invited to participate in the study, 22 were excluded (not having complete data in the
three moments). A total of 67 healthy school-aged children (41 boys and 26 girls; six to 10
years old) were included in a longitudinal cohort study. The children (N = 36) from cohort 1
started the study at the age of six years and completed it at the age of eight years in the last year
of assessment (T2). The children (N = 31) from cohort 2 started the study at the age of eight
years and completed the research at the age of 10 years. Subjects were recruited from the same
school.

The inclusion criteria were: (1) children between six and 10 years of age; enrolled at
their first and third grades of elementary school; (2) being regularly enrolled in school; (3)

voluntarily agreeing to participate by the Informed Consent Form signed by the legal guardians;
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and (4) not presenting with physical and/or cognitive disability. Exclusion criteria were: (1) not

having information on all the variables analyzed for the three years of evaluation.

2.3. Instruments and Procedures

2.3.1. Health Indicators

Waist-to-height ratio (WHtR) and body fat percentage (BFP) were included as health
indicators. WHtR was obtained by dividing waist circumference (cm) by height (cm). Height
was measured using a portable stadiometer (Sanny®, Brazil), and waist circumference was
taken at the narrowest point between the lower costal margin and the iliac crest with a measuring
tape (Sanny®, Brazil) with a precision of 0.1 cm [32]. The BFP was calculated from the triceps
and subscapular skinfolds [33], and measured using an adipometer (Mitutoyo, BGF308,
Cescorf®).

2.3.2. Physical Activity

Physical activity was measured by applying a questionnaire and using pedometers.
Baecke’s questionnaire on habitual physical activity [34] was applied to children through direct
interviews by the evaluators. The questionnaire consists of 16 questions that are distributed in
three different sections and aims to establish estimates of the habitual physical activity level of
children. The answers are coded on a five-point Likert scale, except for questions 1 and 9.
Scores are obtained based on the answers to the questions grouped in each of the sections
equivalent to: occupational physical activity (practices physical activity at school/job); sporting
physical activity (related to sports, and physical exercise); and leisure (occupation of free time),
in addition to estimating the total score of habitual physical activity, with the latter being
considered in the analysis.

The children used pedometers (Yamax, Digi-Walker, SW 200) for eight consecutive
days, including two weekend days, attached to their waist in the right mid-axillary line. They
were instructed to wear step monitors during their waking time and should only remove them
for water activities such as showering and swimming. The children’s legal guardians received
a diary for using the monitor, in which they should write down the time the device was put on,
taken off, and the number of steps recorded on the device’s display daily. The children should
have used the device with records of the number of steps on at least four days of the week, one
of which should be on the weekend, to be considered “eligible” to compose the study sample

[35]. The average value of the number of steps was considered in the analysis.
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2.3.3. Motor Competence

Motor competence was determined by the Gross Motor Development Test—2 (TGMD—
2) [36], consisting of six locomotion skills (running, leaping, hopping, horizontal jump,
galloping and sliding) and six object control skills (catching, throwing, kicking, hitting,
dribbling, and rolling). Each skill was described and demonstrated once by the evaluator,
followed by two tests performed by the child, according to the protocol for administering the
TGMD-2 [36]. Video footage of each skill has been edited into single movie clips. In the
analysis, each skill was performed twice, and each attempt was scored on the skill criteria as
either successful (value 1) or unsuccessful (value 0). The scores from the two trials were added
together to obtain a raw score for each skill. Scores for all skills were summed (total skill score
range 0-96, locomotor 048, object control 0—48). Two evaluators were qualified and trained
for the analysis of each of the skills. The inter-rater reliability in locomotion and object control

skills was 0.75 and 0.98, respectively.

2.3.4. Physical Fitness

Physical fitness was estimated by evaluating different components (handgrip strength,
speed, agility, lower limb strength, upper limb strength, abdominal resistance, flexibility, and
cardiorespiratory fitness) from different protocols (EUROFIT, FITNESSGRAM, AAHPERD,
and PROESP-BR).

Handgrip strength: measured with a digital dynamometer (JAMAR®, model 5030, J1).
The child should be in a standing position using their dominant hand, arm extended and slightly
away from the body, and should press the device with maximum force at the evaluator’s
command. The same procedure was performed with the non-dominant hand. Two attempts were
recorded for each hand, with the highest value being recorded. The average of the best results
of each hand (dominant and non-dominant) was used to compose the analysis [37].

Speed: estimated by the Shuttle run 10 x 5 test. Two parallel lines, five meters apart
from each other, were drawn. The children had to run as fast as possible between one line and
another, crossing it ten times. At the end of the last lap, the time (in seconds) of each child was
recorded [37].

Agility: based on the square test, which consists of walking a delimited course of four
x four meters as quickly as possible. The time (in seconds) spent on the test by the child was

computed [37].
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Abdominal muscular resistance: measured by the curl-up test [38]. The child started in
the dorsal decubitus position with their hands positioned behind their neck, knees flexed
(approximately 90 degrees), feet flat on the ground, and they should return to the sitting
position, taking their elbows forward to touch their knees. The child should perform the highest
number of repetitions possible in 30 s.

Upper limb strength: estimated from the push-up test [38]. The child started in the
ventral decubitus position, keeping their elbows extended, hands resting on the floor and in line
with their shoulders, and they should perform as many flexions as possible at approximately
90° degrees and elbow extensions for as long as they could perform the movement correctly.

Lower limb strength: evaluated from the horizontal jump test. The children were initially
positioned behind the starting line with their feet parallel to the ground, and they performed a
horizontal jump as far as possible, allowing the movement of arms and torso. The child should
finish executing the movement with both feet on the ground and without losing balance. The
distance was recorded between the starting line and the closest point of contact with the ground
to this line. Two attempts were recorded, with the average value considered in the analysis [39].

Flexibility: evaluated by the sit and reach test [40]. The child started by sitting on the
floor with their legs extended, without shoes, and should reach the maximum distance possible
they could on a wooden bench (Wells bench) with both hands by flexing their trunk. Two trials
were computed, and the mean value of both trials was used in the analysis.

Cardiorespiratory fitness: measured from the six-minute running and walking test [39].
The test consists of running and/or walking for six minutes on a defined course (18 x 9 m). The
result was determined by the final distance (in meters), considering two decimal places. The

raw value of the distance was considered in the analysis.

2.3.5. Perceived Motor Competence

The Pictographic Assessment Scale of Perceived Motor Skills Competence for Children
[41] was used to determine perceived motor competence. It consists of 12 pictographic tasks
(six tasks related to locomotion skills and six related to object control skills), in which
perception in each skill is evaluated from one to four points (four points represent high
perception). The perception evaluation process for each skill uses a double and dichotomous
process (meaning the child should first point to which of the images best represents them: the
picture of a child who is competent in a skill or another child who is not so competent in a skill).
Then, in line with the previous choice (competent or not), the children must again choose

between two options: for the competent child (four points are assigned for ‘really good at’ or
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three points for ‘very good at’) and for the child who is not as competent (‘good at’ is awarded
two points or ‘not so good’—one point). The total score of the scale can range from 12 to 48

points. Higher values denote greater perceived motor competence.

2.3.6. Executive Functions

Central executive functions were assessed, including inhibitory control, working
memory, and cognitive flexibility.

Inhibitory control: The Five Digits Test (FDT) was used to measure inhibitory control
[42]. The FDT is a numerical neuropsychological task used to assess the Stroop effect, divided
into four components (reading, counting, choosing, and changing). The first two components
encompass measures of automatic attention and processing speed. The third component
involves a selective attention test (inhibitory control), being estimated in time (seconds). The
last component focuses on executive attention (or top-down attentional control). The raw score
of the third component, which refers to inhibitory control, was used in the analysis. Higher
scores indicate worse performance [42].

Working memory: the Digits test (subtest of the Wechsler Intelligence Scale for
Children—Fourth Edition—WISC 1V) [43] was used to assess working memory. The test consists
of reproducing eight sequences of digits in two basic orders: (i) direct order (example of a
sequence, 1-4-8); and (i1) reverse order (example of a sequence, 8-4-1). The participant has two
attempts in both sortings, and there is a gradual increase in the number of digits for each
sequence. Higher scores indicate better performance.

Cognitive flexibility: the Alternating Semantic Verbal Fluency test was employed to
assess cognitive flexibility [44,45]. The verbal fluency task consists of producing the largest
number of semantic words in the Animals and Fruits categories in 60 s. The number of words
produced correctly, incorrectly, and corrected were computed. The test evaluates information
processing speed and requires a focused search in memory (executive functioning). Higher

scores indicate better test performance.

2.4. Data Collection Procedures

First, the signatures of the Informed Consent Term were collected from the children’s
legal representatives. Next, the data collection dynamics began, which took place in two
moments (for all years and/or evaluation time). Evaluations of health, physical fitness, real and
perceived motor competence, executive function, and physical activity (questionnaire)

indicators took place in the first moment. All information was collected during the period of
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one week (in both shifts—morning and afternoon), on the school premises. In the second
moment, the children were asked to use the pedometer to estimate their physical activity. It took
30 days to obtain physical activity data. There was a 12-month interval between assessments
for the collection of longitudinal data. The collection of information was carried out by a team
of researchers (professors, undergraduate, and Master’s students at the Federal University of

Vigosa), trained to carry out the procedures.

2.5. Statistical Procedures

Descriptive information was presented as mean and standard deviation, median and
interquartile range. The normality of the variables was analyzed using the Shapiro—Wilk test.
Student’s z-test of independence and Mann—Whitney U test were used to compare gender
differences for health, physical activity, physical fitness, real and perceived motor competence,
and executive function indicators, according to each cohort. The effect sizes (ES) of the
parametric comparisons were computed following the established cutoff points (up to 0.4 small;
0.5 to 0.8 medium; greater than 0.8 large) [46]. Statistical significance was adopted with p <
0.05. Analyses were performed using the SPSS version 22 for Windows program (IBM SPSS,
Inc., Chicago, IL, USA).

Network analysis was used to assess the association between physical activity, physical
fitness components, real and perceived motor competence, and executive function considering
gender, WHtR, and BFP for each age within the analyzed cohorts. A network is a collection of
nodes and edges, where the nodes represent different variables, and the edges indicate
connections between two or more nodes [47]. For example, health indicators, physical fitness
components, real and perceived motor competence, and executive functions (inhibitory control,
cognitive flexibility, and working memory) represented the nodes in the present study, and the
positive and negative relationships between these nodes are the edges. Thus, the role of each
variable (node) in the network can be better understood from centrality measures, which are
generally used to identify critical areas of the network that can be optimized through
intervention processes [47].

Centrality indicators (betweenness, strength, and expected influence) were also
reported. Variables with higher betweenness values are more sensitive to change and can act as
a hub, connecting other pairs of variables in the network. In other words, betweenness values
quantify how often a node is part of the shortest path between all other pairs of nodes connected
to the network. The strength indicator is essential for understanding which variables present the

most robust connections in the network pattern. Finally, the expected influence is a measure of
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centrality that takes into account the signal of the weights of the edges — indicating the most
influential variables in the network, meaning it provides inference about how influential the
nodes are: positive values indicate that the nodes “turn on” the network (i.e., have a positive
influence on other nodes), while negative values indicate that the nodes “turn off” the network
(i.e., have a negative influence on other nodes). Centrality values were calculated as
standardized z-scores to allow comparison between networks.

The components of a system under study are directly influenced depending on how the
network is set up, in the same way that the multiple nature of complex systems makes it difficult
to identify the “cause” of why factors (different or similar) can lead to different results,
depending on the context and history of the individual [26].

The Fruchterman—Reingold algorithm was used. Data were presented in the relative
space of the network in which the variables with stronger associations remained together and
the less strongly associated variables were repelled from each other [48]. The “random fields
of pair-wise Markov”” model was used to improve the network accuracy, which was estimated
by the “L1” algorithm (regularized neighborhood regression). The regulation was estimated by
a less complete selection and contraction operator (Lasso) that has the purpose of controlling
the sparse network, and the Extended Bayesian Information Criterion (EBIC) was used [49].
The hyperparameter (y) determines how much EBIC selects sparse models, and therefore the
hyperparameter was set to 0.25 (range 0 to 0.50), which is a more parsimonious value in
exploratory networks [50]. Furthermore, the network analysis uses regularized absolute
minimum contraction and selection operator (LASSO) algorithms in obtaining the precision
matrix (weight matrix). The network is a graphical representation that includes variables
(nodes) and relationships (edges/lines). Positive relationships are expressed by the blue color
and negative relationships are expressed by the red color in the network. The thickness and
intensity of the edge indicate the magnitude of the associations [51]. The RStudio software
version 4.2.1 program (R Core Team, Vienna, Austria, 2022) and qgraph and ggplot2 packages

were used to generate the networks.

3. Results

Descriptive information and results of gender comparisons are shown in Table 1. First,
16 girls and 20 boys were evaluated in cohort 1 (Table 1). It was observed that the girls had
higher BFG values in the three evaluation moments (TO, t34=5.07, p < 0.001; T1, U =5.28, p
< 0.001; T2, U = 67.00, p = 0.002). Girls had higher values (steps) for physical activity

measured by pedometer than boys in T1, but there was no statistically significant difference.
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Significant differences were found at T2, in which boys obtained a greater number of steps (t34
=-3.52, p <0.001). It was observed that boys had a relatively higher score regarding physical
activity obtained through the questionnaire (points) compared to girls for the evaluation
moments TO (t34=-2.17, p=0.037) and T1 (t34 =—2.60, p = 0.010). Boys showed higher results
for physical fitness components compared to girls for abdominal resistance component at TO
(tza=—2.17, p = 0.036); speed at T1 (t3s = 2.67, p = 0.010); and agility at T2 (U = 87.00, p =
0.020). Boys also had higher scores than girls regarding motor competence on object control

skills in moments T1 (tzs=—2.79, p =0.011) and T2 (tz34=—2.32, p = 0.026).
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Table 1. Descriptive information and results for the comparison tests for cohort 1.

Cohort 1 (Girls = 16; Boys = 20)

Variables To m 12
Girls Boys t/U p Girls Boys t/U )2 Girls Boys t/U p

Age (years) 6.31+0.18 6.39+£0.97 —0.93* 0.356°¢ 7.36£0.18 7.44 +£0.27 -1.01* 0.317¢ 8.35+0.18 8.45+0.30 -1.14* 0.261°¢
Health Indicators
WHtR 0.44 £0.02 0.45 +£0.02 -1.34* 0.187¢ 0.44£0.03 0.44£0.03 -0.28* 0.782°¢ 0.44 £0.04 0.45 +0.03 —0.33¢ 0.744¢
BFP (%) 21.31+4.48 13.82+4.34 5.07*  <0.001°¢ 22.16 (6.07) 12.22 (6.87) 528°% <0.001°  23.19(10.31) 12.10 (5.55) 67.00°  0.002
Physical Activity
Steps 6376.43 +2838.16 63911245;31 —0.53*  0.597¢ 10322.04 £3855.51 8988.12+3044.24 1.16* 0.254° 5996.43 +2473.21 1033091 £3154.33 —-3.52* <0.001 ¢
Score 7.38 £0.89 8.15+1.16 -2.17*  0.037¢ 7.67+£0.89 8.77+1.48 -2.60* 0.010°¢ 7.83+1.18 8.60 £ 1.35 -1.79% 0.082¢
Physical Fitness
Hand grip strength (kg) 942 +2.10 10.76 £2.57 -1.68% 0.102¢ 11.62+2.17 11.40 £3.46 0.22%  0.822¢ 12.03 £2.32 13.85+4.43 -1.48% 0.148¢
Abdominal resistance (rep) 8.43 £5.07 11.90+4.45 —2.17* 0.036¢ 12.50 (6.50) 14.00 (3.75) 114.50° 0.149 13.50 (6.50) 16.00 (6.25) 132.50° 0.386
Upper limb strength (rep) 2.50 (4.75) 4.10 (7.50) 125.50° 0276 3.50 (10.00) 3.00 (7.25) 157.50° 0937 3.50 (8.25) 4.50 (8.00) 128.00° 0.249
Speed (sec) 24.84 (14.01) 25.09 (13.83) 143.00° 0.604 2529 £1.48 23.78 £ 1.81 2.67*  0.010¢ 2422 +1.49 2371 +£1.67 094* 0.354¢
Lower limb strength (cm) 98.50 (29.43) 95.75 (34.00)  154.00° 0.863 105.41 (22.65) 119.17 (29.63) 107.50°  0.095 112.21 £ 15.68 11829 +17.14 —-1.09* 0.280°¢
Flexibility (cm) 28.55+5.32 2526 £6.93 1.56%  0.126¢ 27.60 +£6.78 23.62 +7.40 1.66* 0.103¢ 27.28 £6.70 2378 £7.71 1.43*  0.160°¢
Agility (sec) 8.68 £0.62 8.59£0.72 037* 0.707¢ 8.14 (1.18) 7.84 (0.79) 101.00°  0.062 7.70 (0.75) 7.21(0.49) 87.00°  0.020

Cardiorespiratory fitness (m) 805.43 £141.08 859.56+135.69 —1.16* 0.253¢  820.44 +114.05 846.27 £100.93 -0.72¢ 0.483°  778.01+143.15 846.31 £146.36 —140* 0.169°¢

Motor Competence

Locomotion skill (pts) 35.56 £6.12 3537+4.44 0.10*  0916° 39.12 £4.50 38.25+4.29 0.59* 0.558¢ 40.62+4.12 40.00 +3.32 050* 0.618¢
Object control skill (pts) 25.18 £6.43 27.52+£556 -1.16* 0.251°¢ 29.81 £5.10 34.05 +£4.01 -2.79* 0.011°¢ 36.18 £3.35 38.85+3.45 -232* 0.026°
Perceived Motor Competence

Pictographic Scale (pts) 44.50 (8.75) 43.50(8.75)  131.50° 0.369 41.50 (10.25) 42.50 (9.75) 126.50°  0.290 41.00 (10.25) 37.50 (11.75) 128.00° 0.320
Executive Fuction

Inhibitory control (sec) 78.00 (32.25) 71.50 (39.50) 120.00° 0.211 57.50 (26.50) 54.00 (12.50) 114.00° 0.149 45.00 (18.75) 45.00 (21.25) 149.50° 0.741

Cognitive flexibility (pts) 3.00 (2.00) 3.00 (1.71) 135.50°  0.440 443 +1.71 370+ 1.41 1.41*  0.166°¢ 5.00 (1.75) 5.00 (2.75) 156.50° 0.912
Working memory (pts) 22.00 (4.00) 24.00 (4.25)  159.00° 0.987 20.00 (4.00) 22.00 (18.00) 155.50° 0.888 32.50 (11.00) 30.00 (20.00) 143.00° 0.604

Legend: WHtR—waist-to-height ratio; BFP—body fat percentage; * t—independence t test; > U—U of Mann—Whitney; ¢ small effect; ¢ medium effect; © large effect; bold value—p < 0.05.
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The sample in cohort 2 consisted of 10 girls and 21 boys (Table 2). Similarly to cohort 1,
girls had the highest BFP values in the three evaluation moments (TO, t29 =2.83, p =0.008; T1,
U =23.00, p <0.001; and T2, U =45.00, p = 0.010) when compared to boys. In turn, boys had
higher scores on physical activity (questionnaire) at TO (t29 =—2.26, p = 0.031) relative to girls.
Regarding physical fitness components, girls showed better results for the flexibility component
in the three evaluation moments; however, results were statistically significant in TO (t29 = 2.05,
p = 0.049). Boys showed better results when compared to girls for the components: abdominal
resistance at TO (tzo = —2.32, p = 0.027) and T1 (t29 = —2.17, p = 0.038); upper limb strength at
T2 (U =49.00, p = 0.017); speed at T1 (tz9 = 2.48, p = 0.019); agility at TO (too = 2.97, p =
0.006) and T2 (t29 = 3.15, p =0.004); and cardiorespiratory fitness at TO (t29 =—2.22, p =0.034).
Boys had higher scores for motor competence on object control skills at T1 (U = 49.50, p =
0.017) and T2 (t29 = —2.31, p = 0.028). Furthermore, boys had higher scores at all times for
perceived motor competence, being statistically significant at T1 (t29 = —2.55, p = 0.016). For
executive functions, boys had better levels of inhibitory control at TO (t9 =2.19, p = 0.036)
when compared to girls. In contrast, girls were better than boys in cognitive flexibility at all

times, being statistically significant in T1 (t2o= 2.13, p = 0.042).
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Cohort 2 (Girls = 10; Boys = 21)

Variables T0 m T2
Girls Boys t/U p Girls Boys t/U p Girls Boys t/U p

Age (years) 8.29 +£0.31 8.19£0.29 0.84*  0.407° 9.32+0.33 9.21+0.29 0.85* 0.400°¢ 10.31 £0.32 10.21 £0.29 0.87*  0.387°¢
Health Indicators
WHtR 0.46 (0.07) 0.43 (0.06) 92.50°  0.603 0.47 (0.09) 0.43 (0.09) 86.50°  0.441 0.45 (0.11) 0.43 (0.09) 92.50°  0.603
BFP (%) 25.12+7.63 16.61 +7.90 2.83*  0.008¢ 29.30 (14.82) 13.10(12.73)  23.00® <0.001 22.63 (15.49) 13.69 (14.91)  45.00®  0.010
Physical Activity
Steps 8204.40 + 4558 .85 941;38?8; ~0.52*  0.601°¢ lagﬁ%%%i 1};228:;3 * _084* 0405° 1‘123%‘;%21 * 1;2;22‘& 0500 0617°
Score 7.80 +1.33 8.68 +£0.83 -2.26*  0.031° 8.07 £1.03 8.96 £ 1.18 -2.02* 0.052¢ 8.19 £ 1.04 849 £1.18 -0.69* 0.491°
Physical Fitness
Hand grip strength (kg) 12.00 +2.57 12.82 +2.67 -0.80*  0.426° 14.45+2.94 16.50 +3.70 0.65* 0.137¢ 16.95+3.13 17.59 +3.65 -047*  0.636°
Abdominal resistance (rep) 7.10 £5.38 12.00 +5.54 -2.32*  0.027°¢ 10.40 +4.40 14.28 +4.75 -2.17* 0.038¢ 12.10 +4.28 14.66 +5.42 -1.31* 0.200¢
Upper limb strength (rep) 4.00 (7.25) 6.00 (7.50) 85.00°  0.416 2.50 (6.25) 5.00 (7.00) 69.00° 0.135 1.50 (4.50) 9.00 (8.00) 49.00°  0.017
Speed (sec) 23.94 (1.05) 23.58 (0.95) 65.00°  0.096 23.97 + 1.60 22.80 +0.99 2.48*  0.019¢ 23.51+1.33 22.82+1.61 1.16*  0.253°¢
Lower limb strength (cm) 103.49 + 12.67 11578 £19.05 —1.84* 0.075¢ 112.00+17.76 124.84 £21.35 —1.64% 0.111¢ 12029 +11.69 127.11 £21.31  —-0.94* 0.354¢
Flexibility (cm) 29.23+3.93 25.71 £4.67 2.05*  0.049¢ 25.81 £5.50 2445 +5.52 0.63* 0.529¢ 27.31+5.29 25.99 £6.23 1.88*  0.069°¢
Agility (sec) 8.21 £0.60 7.56 +0.55 297*  0.006° 7.36 +0.52 7.32+0.42 021* 0.830°¢ 7.39+0.43 6.86 +0.44 3.15*  0.004¢
Cardiorespiratory fitness (m) 812.75+68.66  891.91 £101.69 —2.22* 0.034° 839.09 +£120.14  911.00£95.84 —1.80° 0.082¢  857.93 +67.37 899.02+£98.27 —1.19* 0.243¢
Motor Competence
Locomotion skill (pts) 36.25 (8.63) 36.50 (7.25) 101.50°  0.884 39.50 +4.74 41.19+£2.96 -1.21* 0.233¢ 42.00 £2.70 42.61 £2.53 -0.62* 0.539°¢
Object control skill (pts) 27.00 +5.03 29.40 +4.02 -1.43*  0.162¢ 36.00 (6.50) 39.00 (4.00) 49.50°  0.017 38.20+2.57 42.04 +491 -2.31*  0.028°
Perceived Motor Competence
Pictographic Scale (pts) 36.10 £5.40 39.80 £4.94 -1.89*  0.068¢ 36.10 +4.45 40.23 £4.10 -2.55* 0.016° 36.50 +4.35 37.95 £4.00 -091* 0.366°
Executive Fuction
Inhibitory control (sec) 53.50+9.92 45.76 +8.79 2.19*  0.036° 41.00£5.24 37.00 £5.33 1.61* 0.118¢ 37.00 (11.00) 35.00 (9.50) 98.00°  0.787
Cognitive flexibility (pts) 5.00 (2.25) 4.00 (2.00) 72.00°  0.173 6.60 + 1.83 523 +1.57 2.13*  0.042¢ 6.80 + 1.47 5.80+2.15 1.30*  0.202¢
Working memory (pts) 22.00 (6.75) 24.00 (10.00)  102.50°  0.917 24.00 (8.25) 24.00 (15.00)  95.00° 0.693 32.50 (12.25) 35.00 (18.00)  87.50°  0.466

Legend: WHtR—waist-to-height ratio; BFP—body fat percentage; * t—independence t test; ® U—U of Mann—Whitney; ¢ small effect; ¢ medium effect; © large effect; bold value—p < 0.05.



152

The topology of the networks of the first cohort is represented in Figure 1. It can be seen
that the relationships between variables are arranged differently for each age over time, and a
greater number of interactions is observed at eight years of age. No clusters were found between
variables at six and seven years old, while health and physical fitness indicators are directly

related at eight years old.

T1-7 years
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o * ® o . .
® o ® ® ®
© o ® o0 o ®
Executive Function Health . Motor Competence Perceived Motor Competence
@ Physical Activity . Physical Fitness . Sociodemographic

Figure 1. Network of associations between physical activity, physical fitness, real and
perceived motor competence, and executive function, considering the sex and health variables
of cohort 1. Legend: 1 = sex; 2 = WHtR; 3 = BFP; 4 = hand grip strength; 5 = abdominal
resistance; 6 = upper limb strength; 7 = velocity; 8 = lower limb strength; 9 = flexibility; 10 =
agility; 11 = cardiorespiratory fitness; 12 = physical activity (steps); 13 = physical activity
(score); 14 = locomotion skill; 15 = object control skill; 16 = perceived motor competence; 17
= inhibitory control; 18 = cognitive flexibility; and 19 = working memory.

Centrality indicators reflect the relative roles of each variable in the network. The
centrality indicators of cohort 1 are presented in Figure 2. It is noteworthy that for the strength
indicator, the variables: gender, BFP, inhibitory control, and working memory in the six-year-
old network; gender, BFP, lower limb strength, and agility in the seven-year-old network; and
BFP, speed, agility, and physical activity (number of steps) for the eight-year-old network were
higher, being the variables with more robust connections in the pattern of each network. The
variables: inhibitory control in the six-year-old network, agility in the seven-year-old network;
BFP, upper limb strength, and agility in the eight-year-old network showed the highest
betweenness values. It was observed that speed at seven years old, and WHtR and physical
activity (number of steps) were the main variables at eight years old regarding the expected

influence (meaning they had the highest values).
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Figure 2. Graphical representation of the centrality indicators of cohort 1.

The networks for cohort 2 are shown in Figure 3. A sparse configuration is observed at
eight and 10 years. There was a greater proximity between health, physical fitness, real motor
competence, and physical activity indicators at nine years old. Weak relationships can be

observed between sociodemographic characteristics and perceived motor competence.

Cohort 2
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Figure 3. Network of associations between physical activity, physical fitness, real and
perceived motor competence, and executive function, considering the sex and health variables
of cohort 2. Legend: 1 = sex; 2 = WHtR; 3 = BFP; 4 = hand grip strength; 5 = abdominal
resistance; 6 = upper limb strength; 7 = velocity; 8 = lower limb strength; 9 = flexibility; 10 =
agility; 11 = cardiorespiratory fitness; 12 = physical activity (steps); 13 = physical activity
(score); 14 = locomotion skill; 15 = object control skill; 16 = perceived motor competence; 17
= inhibitory control; 18 = cognitive flexibility; and 19 = working memory.

Figure 4 shows the centrality indicators for cohort 2. WHtR and BFP showed the highest
values for strength at ages eight, nine and 10, while BFP and cardiorespiratory fitness, and BFP
and speed showed the highest values for network connection at eight and nine years old,

respectively; there were no betweenness values for the ten-year-old network. It was also
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observed that the WHIR and lower limb strength variables had the highest values regarding the
expected influence indicator in the eight-year-old network; the WHtR, physical activity
(points), inhibitory control, and cognitive flexibility variables were the highest in the nine-year-

old network; and the WHtR and BFP variables showed higher values in the ten-year-old

network.
Swengh Betweenness || Expedtednivence [ swengn ][ ewecteainnuence |
—— i —— g o e ‘
o | T T — $ i - ¢ T o=t
" " 7 | e |
] ] ‘
{ 1 ‘
) | (B 1 ‘
e e ] |
o] 8 i o] [
114 ) s = | g 14 |
— ~ 24
y
| Centrality measures I I Centrality measures
2=171 =283 2-268 2-1.18 3-318 2-202 3‘3“ 2-283
3=245 11=2.83 8=2.19 3=301 7=158 13=0.90 3=283 3-283
17=1.67
18=1.67

Figure 4. Graphical representation of the centrality indicators of cohort 2.

4. Discussion

The study had the main objective to analyze the dynamic and non-linear association
through network analysis between health, biological, behavioral, and cognitive variables in
children monitored over time, and as a secondary objective, to estimate the gender differences
in health, physical activity, physical fitness, real and perceived motor competence, and
executive function indicators in three moments.

Results indicated that boys achieved better results for physical fitness, physical activity,
and motor competence compared to girls in both evaluation moments (TO to T2), in both
cohorts. Girls had higher values for BFP at all assessment times in both cohorts, and had better
results for flexibility and cognitive flexibility ability in the second cohort. The network analysis
results indicated different configurations for each age group. Few interactions were observed at
six and seven years in cohort 1, and greater interactions between the variables of health,
physical activity, real motor competence, and physical fitness at eight years of age. More sparse
networks were observed at eight and 10 years of age in cohort 2, and at nine years of age there
was a greater interaction between health indicators, motor competence, physical fitness, and

physical activity.
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Gender differences in physical and motor activities are reported in studies conducted in
different countries/cultures [13,20,21,52,53] reporting that boys tend to score higher than girls
in a variety of physical and motor tasks [21,54]. Differences between the ages and cohorts
analyzed were observed in the present study. Girls had higher BFP values at all ages in both
cohorts when compared to boys. These findings in the first cohort may be due to differences in
physical activity, nutrition or metabolism, such as the production of the hormone leptin, which
may favor an early accumulation of fat in girls, as reported in previous studies [55,56].
Processes related to growth, differences in physical fitness, as well as sexual dimorphism in fat
patterning may have occurred in the second cohort [57], as girls showed greater subcutaneous
adiposity, which is mainly contributed by the skin fold of the triceps (data not shown). However,
it 1s highlighted that the findings are worrying due to the possible negative implications for
health, and the morbidities (hypertension, diabetes, cardiovascular diseases, development of
atherosclerosis, among others) associated with accumulating body fat can compromise the
whole development of the child [12,53].

Physical activity behavior (number of steps and questionnaire score) varied between
genders according to evaluation times and the studied cohorts. The differences between genders
for physical activity were accentuated in younger children, as observed in the literature [13,58],
which shows that boys tend to be involved in a greater range of activities than girls of the same
age group [52] due to factors such as parental influence and physical activity practice [59]. On
the other hand, physical activity behavior did not differ significantly between genders among
older children (cohort 2); however, boys had relatively higher values than girls. Such results
may be related to self-efficacy (confidence in the ability to be active in specific situations), type
of habitual physical activity, unstructured physical activity, and/or active participation in the
physical education classes that children were involved in [3]. In addition, the observed results
can be attributed to the characteristics of each cohort, in which the learning conditions, the
context in which children are involved, and even the age group in which they started the study
may have provided this scenario, given that younger children tend to present a more active
profile as opposed to older ones.

The results of physical fitness in the present study point to better performance of boys.
Boys are encouraged from an early age to participate in more vigorous activities involving
greater physical contact, as well as team activities, and outdoor games/play that can contribute
to improvements in physical fitness [53,60,61]. In contrast, girls tend to engage in more static,
collaborative, and domestic activities, which result in low-intensity activities [61]. Thus,

activity patterns and selection throughout childhood are established, which reaffirm higher
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physical fitness levels among boys [53,62]. However, it is worth mentioning that other factors
in recent years such as high exposure to screens (smartphones, tablets, computers, television,
etc.), public insecurity, and a lack of leisure spaces can directly impact children’s physical
fitness and lifestyle [63].

The motor proficiency of locomotor skills in both genders showed similar values. These
results are partly in contrast to the literature, in which there is a tendency for girls to be better
in locomotor skills compared to boys [9,52]. However, it is noteworthy that the results are
positive for locomotor skills and may contribute to better health trajectories in both genders
[30]. On the other hand, boys performed better on object control skills than girls in both cohorts.
These findings corroborate previous evidence that observed similar results for object control
skills [4,52], in addition to the existence of a relationship between object control skills and
physical activity in boys. Evidence supports that girls need other stimuli to guide the practice
of physical activity (for example, systematic activities and sports programs) to improve their
motor competence, especially manipulative skills [21]. In summary, it is emphasized that boys
and girls should be permanently encouraged to get involved in varied activities that stimulate
the development and improvement of motor competence [5,64].

Additionally, evidence supports that perceived motor competence changes substantially
throughout childhood [29]. Boys had higher perceived motor competence values observed in
the second cohort in the present study. This result seems to be in line with previous studies
[13,65], which show that the tendency as children get older is to align their perception of motor
competence with actual motor competence, which seems to be in line with the real motor
competence of the boys (both in locomotor skills and object control), which showed good
levels. These findings have positive implications for the developmental trajectories of children
to keep them engaged in activities that are challenging, and thus contribute to the adoption of a
healthy lifestyle [5,8].

Performance on executive function tasks was different for age and gender. It was
observed that younger children (cohort 1) do not differ in terms of gender in their executive
functions. Previous research has pointed out that the full development of executive functions
seems to occur with greater intensity in early childhood or preschool [66,67], and there is a
stabilization of cognitive processes during late childhood, but its assessment is still relevant. In
addition, executive functions are positively influenced by physical activity and physical fitness
[68], which may be related to improved neural connection, structural and functional brain
outcomes, neurogenesis, and release of neurotrophic factors [69]. Boys in the second cohort

showed better results for inhibitory control, similar to previous studies [70]. A hypothesis for
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this difference within the sample may point to the cognitive demand of the task performed, in
which boys were quicker to answer the test questions. Inhibition tasks such as reaction time and
response accuracy are critical in the developmental process [66], and children with low
inhibitory control have difficulty developing responses and paying attention [71], which can
negatively impact academic learning and focus on physical and motor activities [15]. Girls
showed better results for cognitive flexibility, where potential factors such as differences in
motivation, effort, approaches to schoolwork and learning styles, parental expectations, and
encouragement may have favored girls [72].

New possibilities for interpreting the associations between health, biological,
behavioral, and cognitive variables arise with network analysis. The most robust relationships
(which indicate the greatest strength of the network, meaning relationships that were strongly
connected with other nodes) in cohort 1 were observed at eight years of age (T2). Based on the
topology of the network, a greater commitment to physical activity practice in this phase of life
is suggested, aiming at significant contributions to the development of physical fitness [14,73].
It was also observed that physical fitness, specifically the upper limb strength and agility
components, together with BFP, acted as a hub in the network at the age of eight due to the
greater connectivity with other nodes (variables). Thus, focusing on developing physical fitness
[73] may be the best path in future interventions given the connectivity with other health
outcomes [20,61].

The WHIR and physical activity variables showed higher expected influence values.
From a theoretical perspective, this centrality indicator denotes that these variables are very
influential, and better results can generate a positive change in the observed network patterns.
From a practical perspective, attention to these variables can shape and plan a given intervention
[3,74], meaning that the focus should be on minimizing WH(R values and encouraging children
to practice various activities. Given this, the focus on promoting physical activity in this age
group is extremely important, as behaviors established during childhood can be perpetuated in
adolescence and adult life [74,75]. In addition, WHtR is an indicator of cardiometabolic risk
associated with cardiovascular disease, hypertension, and hypercholesterolemia [53]; thus,
attention should be paid to this health indicator, especially in childhood.

Cazorla-Gonzdlez et al. [24] recently verified the impact of crawling before walking on
network interactions between body composition, cardiovascular system, lung function, motor
competence, and physical fitness at seven years of age. The retrospective case-control
longitudinal study observed that crawling before walking during child development was a

possible modulator in the interaction of networks between body systems at seven years of age,
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and this skill improved throughout the children’s developmental phase [24]. In general, it was
observed that there were greater interactions between physical activity, physical fitness, and
health indicators in the present study in cohort 1, but these interactions were different at six
(TO), seven (T1), and eight (T2) years of age. However, it is noteworthy that connections with
executive functions, real and perceived motor competence, were also observed, but to a lesser
extent. Thus, it is assumed that these different interactions may be associated with
characteristics resulting from the growth and development process, with direct implications for
learning and improving the physical, motor, and cognitive skills of children [16,17,75].

Health indicators showed the greatest strength in all analyzed networks in the second
cohort. These findings reinforce the importance of monitoring health indicators (WHtR and
BFP) in children. Evidence supports that increased WHtR and BFP indices in childhood tend
to perpetuate during adolescence and adulthood [53] and have harmful effects on health and
well-being [76]. The greatest interactions were observed between health, physical fitness,
physical activity, motor competence, and executive function indicators in the nine-year-old (T1)
network. These results may have important practical implications, especially due to the positive
association with health and cognitive variables [75]. Encouraging the regular practice of
physical activity (whether aerobic, muscle strengthening, or bone strengthening) at this stage
of life should be a priority, at least three times a week and 60 min a day [77]. Similar to cohort
1, BFP and cardiorespiratory fitness had high betweenness values. Above all, offering
conditions for active practices such as outdoor play, games, structured activities, and active
leisure, which enable children to develop and improve their physical fitness levels, can
positively impact body adiposity over time [62,73]. Furthermore, WHtR, physical activity, and
executive functions (inhibitory control and cognitive flexibility) should not be left out in future
interventions as they are very influential variables in the network.

Although the second cohort showed few interactions between investigated variables at
eight (TO) years of age, it is noteworthy that the network pattern that emerged was completely
different from that observed at eight (T2) years of age in the first cohort. As far as is known,
individual characteristics may have contributed to this difference in age overlap; in addition,
different activities (or lack thereof) in the after-school shift in both cohorts may have also
cooperated with the differences [78]. Even though it is not the focus of the study, the observed
results showed that special attention should be given to overlapping ages in future mixed
longitudinal studies. Furthermore, few interactions were observed at age 10 (T2). A possible

explanation is given to the pre-adolescent period, in which young people’s behaviors change,
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with reductions in the practice of physical activity associated with a loss of interest in these
activities, as well as other adoption of prosocial behavior, making new friendships, etc. [18].

The present study demonstrated different network topologies throughout childhood.
These results allow us to infer that the mechanisms behind growth and development are
complex, dynamic, and influenced by factors such as time, as children from both cohorts started
the research at different ages, and individual (physical and cognitive) and environmental factors
should be considered in each age group [26,30]. Thus, integrating several dynamic systems on
time scales is not an easy task, and it is even more challenging to be able to investigate this
integration during child’s growth and development. This is an important challenge because it
opens the door to examining different connections and emerging patterns, as observed in this
study. Thus, understanding the complex dynamics through which systems interact over time
during childhood makes it possible to create individual and collective interventions (if that is
the purpose) which help guide children toward positive health outcomes and developmental
trajectories. In summary, most studies used a linear approach when dealing with data, so the
comparison of the results observed in this study with other studies was not possible. However,
a comprehensive understanding of the investigated phenomena was sought.

The study strengths include direct measures of health, physical activity, physical fitness,
motor competence, and executive function indicators; it is a longitudinal study, and it comprises
a wide age range — six to 10 years old; it employed the use of complex data analysis — network
science; to the best of our knowledge, this is the first study to analyze the dynamic and non-
linear association between health, physical activity, physical fitness, real and perceived motor
competence, and executive function variables in children over time from a network perspective.

On the other hand, some limitations are highlighted. The larger the sample size, the more
stable and accurate the networks are estimated [47]. Thus, the study was limited to a small
sample from a specific region of Brazil, and therefore the results should not be generalized. The
number of components (variables) in the network system may have changed the accuracy of
the networks; however, it is worth highlighting the importance of evaluating different variables
associated with human behavior. The differences observed between genders for health, physical
activity, physical fitness, real and perceived motor competence, and executive function
indicators possibly influenced the interactions observed in networks; however, gender was
included (node) in the configuration of networks.

Thus, it seems clear to us that growth and development patterns are different in relation

to the specific period that is analyzed and that more longitudinal research focusing on non-
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linear relationships can be developed in the future. In addition, information about parental

behaviors, socioeconomic status, and peer interactions should be considered in future studies.

5. Conclusions

The present study showed non-linear dynamic relationships between health, physical
activity, physical fitness, real and perceived motor competence, and executive function
indicators observed in different network configurations throughout childhood, and identified
gender differences for the investigated variables. The relevance of the results indicates that the
interactions between the system components can impact children’s development, especially
when sociodemographic variables (such as age and gender) are considered. A detailed analysis
of network configurations is supported to encourage interventions aimed at promoting physical
activity, physical fitness, real and perceived motor competence, executive function, and health
indicators of children throughout childhood, with attention to the age at which they presented
few interactions.

In addition, the overlapping of ages in mixed-longitudinal studies (although it was not
the purpose of the present study) should be reconsidered given the connections established
between different variables, directly influencing behavior in childhood. Thus, the present study
adds important information to the literature regarding the non-linear, dynamic, and complex
relationship between health, biological, behavioral, and cognitive variables of child growth and

development over time.
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Abstract

Background: Children with adequate motor competence tend to be more physically active and
present healthier lifestyles. They may be more likely to participate in sports or other physical
activities that can improve their physical fitness and overall health. Aim: To estimate the
intragroup differences, and examine through network analysis the dynamic interactions by body
composition, physical activity, physical fitness, and executive function in children with
different levels of motor competence over time. Methods: A sample of 67 children (aged
between six and 10 years) was followed for two years. Data regarding body composition,
physical activity, physical fitness, and executive function were obtained using standardized
protocols. Repeated measures analysis of variance and network analysis were estimated.
Results: Intragroup differences were observed in body composition, physical activity, physical
fitness, and executive function in children with high and low motor competence over time. The
network analysis showed different topologies at the three time points (TO, T1, and T2). Age
presented the highest centrality value in the emerged networks. In addition, some clusters were
observed in the emerging network patterns. Conclusions: The study highlights the importance

of considering the multifaceted interactions between different factors in understanding and



170

promoting motor competence in children. The findings may inform future interventions and

initiatives aimed at optimizing motor development and overall well-being in this population.
Keywords: child development; intra-group changes; motor competence; emerging networks.

1. Introduction

Childhood is a period of human life with relevant changes, especially regarding physical
health and development, during which biological, behavioral, and social changes occur that
may echo throughout life [1]. Motor competence stands out among the variables associated with
these changes, and it refers to the ability to perform motor skills effectively and efficiently,
involving the integration of multiple physical and cognitive processes to perform a wide range
of proficient movements and actions [2,3]. Furthermore, motor competence is important for
different aspects of human functioning, including physical health, and cognitive and social
development [3].

Low levels of motor competence can lead to a more sedentary lifestyle, which can
contribute to an increase in body fat and a higher risk of childhood obesity, with negative
impacts on health [4—7]. On the other hand, children with higher motor competence tend to
have better physical health, including cardiovascular, musculoskeletal, and metabolic health, as
well as better executive functioning outcomes, such as the ability to control impulses and
inappropriate behaviours [8,9]. They are also more likely to engage in physical activity and
sports, which can contribute to a healthier lifestyle [3,8,10].

In this context, available published studies point out the impact of motor competence on
several aspects of health (body composition, physical activity and fitness, and executive
functioning), highlighting that adequate levels of motor competence tend to have a positive
influence on broad domains of health [3,7,9,11-13]. However, the mechanisms by which motor
competence interacts with body composition, levels of physical activity and fitness, and
executive function (considered correlates) leading to healthy behaviors in children is not clear,
especially regarding intragroup changes that occur over time [7,13,14].

Studies that have attempted to understand temporal changes from the perspective of
motor competence, especially in children with different levels of competence, are still scarce in
the literature [15—17]. Thus, we understood that the evaluation and monitoring of children with
different levels of motor competence allow for early identification of possible motor delays or
problems, enabling more effective and timely interventions [5,18]. In addition to being

important for monitoring the progress and development of children over time, allow health,
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education, and sports professionals to adjust intervention strategies and provide activities that
stimulate and promote motor development [16,18].

In this perspective, how literature operationalizes the interaction between motor
competence, body composition, physical activity, fitness, and executive function is based on
the idea that these relationships are established linearly [7,14,19-21]. However, the
interrelationships between these variables can be understood as complex systems, providing an
understanding of the role that each variable plays within the system [13,22-24]. Thus,
examining the associations between body composition, physical activity, fitness, and executive
function in children with different levels of motor competence over time, using a complex
systems approach, will provide a better understanding of the dynamic interrelationships among
these variables, and may also support the development of actions to promote healthy lifestyles
in children.

Few studies have explored these relationships using a network approach or even
hypothesized whether there is a nonlinear relationship between these variables and how they
are related from a complexity perspective [25,26]. Since the presence or absence of a single
variable within a model composed of interrelated variables may completely change its nature
[27], from a theoretical and statistical perspective, the possible dynamic relationships between
body composition, physical activity, fitness, and executive function in children with different
levels of motor competence over time might be explored from a network perspective, taking
into account its non-linearity. Thus, this study aimed to estimate the intragroup differences in
body composition, physical activity, fitness, and executive function of children with high and
low motor competence over time, and to examine, through network analysis, the dynamic

interactions between these variables in children with different levels of motor competence.
2. Methods
2.1 Study design and Participants

The present study is part of a large research project entitled “Relationship between
Physical Activity, Motor Competence, Cognitive Skills and School Performance in Children
and Adolescents from three to 12 years old”. This project was conducted following the
guidelines of the Declaration of Helsinki and all procedures were approved by the Ethics
Committee in Research involving human beings of the Federal University of Vicosa, under
process number 1.888.177.

The present study evaluated children of both sexes, aged six to 10 years old, regularly

enrolled at baseline between 1 grade and 3™ grade in a public school in the city of Santo
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Antdnio do Grama - Minas Gerais, Brazil. The inclusion criteria for the study were: a) being
regularly enrolled in school; b) agreeing to participate voluntarily by signing the free and
informed consent form by the legal guardian; c) not having physical and/or cognitive
disabilities.

The cohort study started in 2017 (baseline, T0O), followed by an evaluation in 2018 (T1)
and 2019 (T2). The initial sample consisted of 89 children of both sexes. After baseline
assessments and data review, data from 22 children were excluded due to incomplete

information. Thus, the sample consisted of 67 children (26 girls, 41 boys).
2.2 Instruments and Procedures
2.2.1 Body composition

Body composition was assessed using body fat percentage. To measure triceps and
subscapular skinfolds, a caliper (Mitutoyo, model BFG308, Cerscorf®) was employed,
adhering to internationally recognized guidelines for anthropometric evaluation [28]. For each
skinfold, two measurements were obtained, and if the difference between them exceeded 2 mm,
a third measurement was obtained. The average of the two closest measurements was then
calculated. Body fat percentage was estimated using the Lohman equation [29], which had been
adjusted for sex and age. The body fat percentage was classified into two categories: poor
(including very low, low, high, moderate/high, high, and very high) and adequate (including

acceptable). For the analyses, continuous and dichotomous values were used.
2.2.2 Motor competence

Motor competence was measured with the Test of Gross Motor Development — second
edition (TGMD-2), norm-referenced measure assessing six locomotor skills (run, gallop, hop,
leap, horizontal jump, slide) and six object-control skills (striking a stationary ball, stationary
dribble, kick, catch, overhand throw, and underhand roll) a valid and reliable (test-retest
reliability r > 0.88, inter-rater reliability r > 0.98) [30]. The TGMD-2 was administered at
school by a team of trained researchers using the standard test procedure, which took
approximately 30 minutes per child. Following TGMD-2 procedures, children completed two
trials per skill, and each skill had between three and five criteria on which skills were assessed.
Both intra- and inter-rater reliability for coding was greater than 0.75. Scores from both trials
were summed to obtain a raw score for each skill, with higher scores indicating better motor
competence. The six locomotor skill scores and the six object-control skills were summed to

provide an overall score which was then converted to a general motor quotient, standardized
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for age and sex. The general motor quotient is classified into seven categories: "very superior”,
"superior”, "above average", "average", "below average", "poor" and "very poor" [30]. Using
the general motor quotient ratings, the children were categorized into two groups: "low motor

competence” (including the ratings "below average," "poor," and "very poor") and "high motor

competence" (including the ratings "very superior," "superior," "above average," and

"average"). Analyses included continuous and dichotomous values.
2.2.3 Physical activity

Physical activity was assessed using a pedometer (Yamax, Digi-Walker, model SW 200)
used during eight consecutive days, including two weekend days, attached to the waist of the
children at the right mid-axillary line, and the children were instructed not to change their daily
routine. In addition, guardians and children were instructed to wear the pedometers while awake
and to remove the devices only for water activities such as bathing and swimming, and while
sleeping. To be considered "eligible" for the study sample, children must have registered the
number of steps on at least four days, including one weekend day [31]. The categorization of
physical activity level was determined by considering the average total number of steps per day
for each sex (11.000 steps/day for girls and 13.000 steps/day for boys), as suggested by Tudor-
Locke et al. [31]. Based on these recommendations, children were classified into two groups:
those who met the activity recommendations and those who did not. For the analyses,

continuous and dichotomous values were used.
2.2.4 Fitness

Physical fitness was assessed by evaluating various components, including handgrip
strength, speed, agility, lower limb strength, upper limb strength, abdominal resistance,
flexibility, and cardiorespiratory fitness. These assessments were performed using different
protocols, namely EUROFIT, FITNESSGRAM, AAHPERD, and PROESP-BR [32-35].

Handgrip strength was assessed using a digital dynamometer (JAMAR®, model 5030,
J1) [32]. The child was instructed to stand upright and use the dominant hand, with the arm
extended slightly away from the body. On cue from the evaluator, the child exerted maximum
force by pressing the device. The same procedure was repeated with the non-dominant hand.
Two trials were recorded for each hand and the highest value obtained was recorded. The
analysis was based on the average of the best results from both the dominant and non-dominant

hands.
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Upper limb strength was assessed using the push-up test [33]. During the test,
participants assumed a prone position with their elbows extended and their hands placed on the
floor in line with their shoulders. They were instructed to lower their trunk and legs while
flexing their arms parallel to the body until the elbows reached or exceeded the back line. It is
important that the front of the body does not touch the floor. Participants then returned to the
starting position. The maximum number of completed push-ups was recorded for each
individual.

Lower limb strength was assessed by the horizontal jump test [34]. A starting line was
established, and the children positioned behind it, with their feet parallel to the ground, were to
jump as far as possible, allowing for arm and torso movement. The completion of the movement
was to land with both feet on the ground without losing balance. The jump was determined by
the distance between the starting line and the point of contact with the ground closest to this
line. Two trials were recorded, and the best performance of both trials was used in the analyses.

Abdominal resistance was assessed using the curl-up test [33]. The child began in the
supine position with hands behind the neck, knees flexed at approximately 90 degrees, and feet
flat on the floor. The goal was to return to a sitting position by bringing the elbows forward to
touch the knees. The child was instructed to complete as many repetitions as possible within 30
seconds.

Agility was assessed using the square test, which involved running through a 4 x 4-
meter course as quickly as possible [32]. The course was marked with cones placed at each
corner to indicate the path, and the child was required to touch each cone with one hand. The
time taken (in seconds) to complete the test was recorded for analysis.

Flexibility was assessed using the sit and reach test [35]. Sitting on the floor, legs
outstretched, no shoes, feet flat on the wooden bench - Wells, the child should reach with both
hands the maximum distance on the bench by flexing the trunk. Two trials were performed and
recorded, and the better result of both trials was used in the analyses.

Speed was assessed using the Shuttle Run 10 x 5 test [32]. The test involved marking
two parallel lines five meters apart. The children were then instructed to run back and forth
between the lines repeatedly, completing a total of ten laps. The time taken to complete the test
was meticulously recorded in seconds for each child, with the measurement taken at the end of
the final lap.

Cardiorespiratory fitness was estimated by the final distance (in meters) covered in the

six-minute run and walk test [34]. The test consists of running and/or walking for six minutes
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on a marked course (18 x 9 meters). The final distance (meters) was recorded and used in the
analyses.

An overall fitness score was generated based on the standardized values (in z-scores) of
each component. The children's standardized total score was divided into two categories: “fit”

and “less fit”. Continuous and dichotomous scores were used for analyses.
2.2.5 Executive function

Inhibitory control, one of the central executive functions, was assessed using the Five
Digits Test (FDT) [36]. The FDT is a numerical neuropsychological task used to assess the
Stroop effect and is divided into four components (reading, counting, choosing, and changing).
The first two components include measures of automatic attention and processing speed. The
third component involves a test of selective attention (inhibitory control) and is estimated in
time (seconds). The final component focuses on executive attention (or top-down attentional
control). The raw score of the third component, which refers to inhibitory control, was used in
the analyses. Higher scores indicate “poorer performance” [36].

Working memory was assessed using the Digits test, a subtest of the Wechsler
Intelligence Scale for Children-Fourth Edition-WISC-1V [37]. The subtest used for the
Working Memory Index (WMI) consists of reproducing a sequence of digits. The direct order
is administered first, followed by the reverse order, with two valid trials for each order. The
children reproduced eight sequences of digits in two different orders: direct order (e.g., 3 - 7 -
10) and reverse order (10 - 7 - 3). The direct order is given first, followed by the reverse order,
with two valid trials for each order. In addition, the number of digits for each sequence is
gradually increased. Higher scores indicate “better performance”.

Cognitive flexibility was assessed through the Verbal Fluency test [38,39]. This task
evaluates the ability for semantic associations and requires a focused search in the memory for
stored information. The test involves producing the greatest possible number of semantically
related words in the categories "Animals” and "Fruits” within a period of 60 seconds. Initially,
the child was asked to mention the greatest number of animal names they know within the given
time. Then, the child was asked to mention the greatest number of fruits they know. In the final
stage of the test, the child was instructed to mention pairs (one animal and one fruit). The
number of words produced correctly, incorrectly, and corrected in each stage was recorded.

Higher scores indicate “better performance” on the test.

2.3 Data collection procedures
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First, the signatures of the children's legal guardians were obtained on the informed
consent form. Then the data collection procedure was initiated for all years and/or time of
evaluation. There was a 12-month interval between assessments. Assessments of body
composition, physical activity and fitness, executive function, and motor competence were
conducted at the school facilities by a team of trained researchers (professors, undergraduate
and graduate students from the Federal University of Vigosa) who were trained to perform the

procedures.
2.4 Statistical analysis

Descriptive information was presented as mean (standard deviation) and frequency (%).
The normality of the variables was analyzed using the Shapiro-Wilk test [40]. Repeated
measures analysis of variance (ANOVA-RM) was used to evaluate the means of body
composition, physical activity, physical fitness, and executive function of children with
different levels of motor competence at different assessment times (TO, T1, and T2). The first
evaluation moment (TO) was used as a reference. Mauchly's test of sphericity was used to assess
the equality of the difference in variances between the different evaluation times. The
Greenhouse-Geisser (sphericity < 0.75) or Huynh-Feldt (sphericity > 0.75) corrections to the
sphericity assumption were used in cases where sphericity was not met. The normality of the
residuals (variance not explained by the model) was checked. Bonferroni correction was used
for pairwise comparisons in the instance of significant main effects [40]. Statistical significance
was accepted a priori at p < 0.05, and all data were analyzed using SPSS version 22 for
Windows (IBM Corporation Software Group, Chicago, IL, USA).

Network analysis was used to assess the nonlinear associations between body
composition, physical activity, fitness, and executive function in children with different levels
of motor competence. A network is a graphical representation that includes variables (nodes)
and relationships (edges/rows). The nodes of the network are body composition (body fat
percentage - dichotomous), physical activity (dichotomous), fitness (dichotomous), executive
function (inhibitory control, working memory, and cognitive flexibility - continuous), age
(continuous), and sex (dichotomous). Positive relationships are represented by the color blue
and negative relationships are represented by the color red in the network. The thickness and
intensity of the edge reflect the strenght of the associations [41]. The Fruchternan-Reingold
algorithm was employed to display the data in a relative space, where strongly associated
variables are positioned closely, while weakly associated variables are pushed apart [42]. The

model random fields of pairwise Markov were used to improve the accuracy of the network,



177

which was estimated by the algorithm regularized neighborhood regression “L1”. The Lasso
operator, a partial selection and contraction operator, was used for network sparsity control.
The Extended Bayesian Information Criterion (EBIC) was employed [43]. The hyperparameter
(y) was set at 0.25 (range de 0 to 0.50) [44]. Three centrality indicators were used to determine
the role of each variable in the emerged network: (1) betweenness (centrality between parts),
calculated based on the frequency of a node being part of the shortest path between all other
connected node pairs in the network; (2) closeness, derived from the inverse of the distances
between a node and all others; and (3) strength (degree/centrality), representing the sum of all
weights of the paths connecting a node to others [41]. Entropy values were calculated to verify
the organization of the systems, with higher values showing the less organized system. The
RStudio software version 4.3.1 program (R Core Team, Vienna, Austria, 2023) and qgraph and

ggplot2 packages were used to generate the networks.
3. Results

Descriptive information and results of the repeated measures analysis of variance are
presented in Table 1. Children with low motor competence had a mean age at baseline (TO) of
7.46 £ 0.97 years (of which 69.20% were boys), while children with high motor competence
were 6.40 + 0.25 years old (66.70% were girls).

For the low motor competence group, the ANOVA-RM results shown that physical
activity (F (1.786, 91.070) = 5.187, p = 0.009; r* = 0.092), handgrip strength (F (2, 102) =
62.736, p < 0.001; 777 =0.552), lower limb strength (F (2, 102) = 19.344, p < 0.001; 7*=0.275),
abdominal resistance (F' (1.698, 86578) = 10.394, p < 0.001; 772 = 0.169), agility (F (1.852,
94.465) = 58.548, p < 0.001; 7> = 0.534), flexibility (F (2, 102) = 5.632, p = 0.005; 7> = 0.099),
speed (F (2, 102) =30.680, p < 0.001; 772 =(.376), general motor quotient (¥ (1.760, 89.736) =
47.953, p < 0.001; 777 = 0.485), inhibitory control (F (1.383, 69.167) = 47.052, p < 0.001; 7* =
0.485), working memory (F (2, 102) = 8.582, p < 0.001; 77 = 0.144), and cognitive flexibility
(F (1.733, 88.405) = 15.838, p < 0.001; 77=0.237) presented statistically significant differences
in mean scores over time.

For the high motor competence group, the ANOVA-RM results show that physical
activity (F (2, 28) = 5.928, p =0.007; 772 = 0.297), handgrip strength (F (2, 28) = 12.007, p <
0.001; 77 = 0.462), abdominal resistance (F (2, 28) = 6.285, p = 0.006; 7> = 0.310), agility (F
(2, 28) = 14.400, p < 0.001; 777 = 0.508), speed (F (2, 28) = 12.155, p < 0.001; % = 0.465),
general motor quotient (F (2, 28) =4.113, p = 0.027; 77 = 0.227), inhibitory control (F (1.368,
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19.156) = 22.230, p < 0.001; 7> = 0.614), working memory (F (1.428, 19.998) = 7.582, p =
0.007; 777=0.351), and cognitive flexibility (F (2, 28) = 5.966, p = 0.007; 77*= 0.299) presented
statistically significant differences in mean scores over time.

For the entire sample, the ANOVA-RM results show that body fat percentage (F (1.795,
118.448) = 3.789, p = 0.030; 77 = 0.054), physical activity (F (1.771, 116.894) = 8.187, p <
0.001; 777=0.110), handgrip strength (F (1.878, 123.96) = 68.515, p < 0.001; 7*= 0.509), upper
limb strength (F (2, 132) = 3.223, p = 0.043; 17 = 0.047), lower limb strength (F (2, 132) =
14.428, p < 0.001; 777 = 0.179), abdominal resistance (F (1.759, 116.094) = 15.795, p < 0.001;
177 =0.193), agility (F (1.828, 120.645) = 73.328, p < 0.001; 77 = 0.526), flexibility (F (2, 132)
=7.630, p <0.001; 777=0.104), speed (F (1.277, 84.265) = 5.487, p=0.015; 7*=0.077), general
motor quotient (F (1.584, 104.531) = 26.104, p < 0.001; 772 = 0.283), inhibitory control (F
(1.407, 91.478) = 68.496, p < 0.001; 777 = 0.513), working memory (F (2, 132) = 13.145, p <
0.001; 77 = 0.166), and cognitive flexibility (F (2, 132) = 20.922, p < 0.001; 77 = 0.241)

presented statistically significant differences in mean scores over time.



Table 1. Repeated measures univariate ANOVA results of different levels of motor competence at time points TO, T1, and T2.

VARIABLES LOW MOTOR COMPETENCE (n=52) * HIGH MOTOR COMPETENCE (n=15) * TOTAL (n=67)
TO T1 T2 F P TO T1 T2 F P TO Tl T F p

Body

composition

E;‘Zmage (%)fa‘ 182147.82 1848876 17.70+8.19 152 0224 | 18.03£523  19.39+6.46 16.58+6.45 2.54  0.122 | 18.17+47.28  18.69+8.26 17.44+7.80 3.78  0.030

Physical Activity | 7937.49+ 1020540+  10071.47+ 682826  10554.92+  7941.11+ 7689.16&  10283.54+  9594.524+

(steps) 4229.41 424727 525001 18 0.009 3172.16 3353.92 301469 2 0007 4022.10 4043.15 4900.16 18 <0001

Fitness

Handrip strength | 11.76+2.81  14.43+375 16.0323.98 6273 <0.001 | 9.56+1.88  10.30£2.33 11.63+2.98 12.07 <0.001 | 11.2742.78  13.50+3.88 15.05+4.19 68.515 <0.001

gfg;h (rep)hmb 4.50+4.07 526522 601584 194  0.148 | 420+3.68 573575  6.13+4.65 198  0.172 | 443£396  537+530  6.04+£556 322  0.043

Lower limb | 105.18% 117.04+ 121.60+ 106.12+ 115.03+ 114.02+ 105.39+ 116.59+ 119.90+

strength (cm) 19.95 20.63 18.52 19.34 <0.001 28.93 22.53 15.84 0.65 0529 22.03 20.91 18.12 1442 <0.001

igi‘t’:;‘c“:irep) 10.53£547 13.34+497 13362597 1039 <0.001 | 9.86+5.18  12.8043.80 13.80+341 628  0.006 | 1038537 13224471 13462545 1579 <0.001

Agility (s) 8.1840.82  7.6220.63  7.23+0.61 58.54 <0.001 | 8.39+0.62  7.97+0.68  7.46+0.61 1440 <0.001 | 8.32+078  7.70+0.65  7.28+0.62 73.32 <0.001

Flexibility (cm) | 27.0445.28 25.3446.15 25.08%6.67 5.63  0.005 | 25.80+6.85 24.53+7.69 24.25+7.56 227 0.122 | 267845.63 25.162647 24.89+6.83 7.63  <0.001

Speed (s) 24914193 23.74+1.73 23.46+1.70 30.68 <0.001 | 25.83+1.42 2427+1.63 23.74+134 1215 <0.001 | 24.59£338 23.86+1.71 23.52+41.62 548  0.015

Cardiorespiratory | 853.47+ 859.01+ 847.78+ 837.03+ 860.39+ 849.93+ 849.79+ 859.32+ 848.26+

fitness (m) 123.70 112.13 131.47 024 0755 119.06 103.10 11980 038 0684 121.98 109.41 128.06 0.37° 0654

Motor

competence

General motor

quotient (pts) 75.07+8.88  86.44+8.49 89.90£1022 47.95 <0.001 | 96.80£549  91.804£9.45 92.2048.54 4.11  0.027 | 79.94+12.27 87.64+8.93 90.41£9.85 26.10 <0.001

Executive

function

Inhibitory control

© 98.78+35.91 79.94+22.58 66.64+17.97 47.05 <0.001 | 117.06234.73 89.73+27.11 72.73+18.75 2223 <0.001 |102.93+36.12 82.16+23.83 68.03£18.19 68.49 <0.001

ggr)kmg MeMOLY | 55 92413.64 25.0949.72 31.51£12.76 852  <0.001 | 22.66+5.98 23.73+727 29532632 758  0.007 | 25.19+1238 24.79+920 31.07+11.60 13.14 <0.001

Cognitive 388+1.75  4.98+1.85  542+¢1.93 1583 <0.001 | 3.60£1.12  4.13x1.72  5.06+1.79 596  0.007 | 3.82+1.63  4.79+1.84  534+1.89 20.92 <0.001

flexibility (pts)

Abbreviation:
* Time O was used as a reference.

GMQ — general motor quotient. Values are means (standard deviation). Values in bold represent significance at p<0.05 level.

179



180

Bonferroni corrections revealed significant paired differences for the health variables
depending on the low and high motor skill groups and the total sample. Figure 1 shows results
of body composition, physical activity, motor competence, and executive function variables.
Body fat percentage at T1 was higher than T2 for the total sample (Figure 1A). Physical activity
at TO was relatively lower than T1 and T2 for the low motor competence group and the total
sample, respectively; and for the high motor competence group, TO was lower than T1 (Figure
1B). For the general motor quotient, TO was lower than T1 and T2, and T1 was lower than T2
in the low motor competence and total sample groups; in the high motor competence group, TO
was higher than T1 (Figure 1C). For inhibitory control, TO was higher than T1 and T2 for all
groups, and T1 was higher than T2 for the low motor competence group and total sample
(Figure 1D). In all groups, TO was lower than T2 and T1 was inferior to T2 for working memory
(Figure 1E). Cognitive flexibility at TO was relatively lower than T1 and T2 for the low motor
competence group and the total sample, respectively; and for the high motor competence group,
TO was lower than T1 (Figure 1F).

Figure 2 shows the paired multiple comparisons for fitness variables for low and high
motor competence groups and the total sample. Handgrip strength at TO was lower than T1 for
the low motor competence group and the total sample; and TO was relatively lower than T2 and
T1 was lower than T2 for all groups (Figure 2A). Upper limb strength was statistically lower at
TO compared to T2 in the entire sample (Figure 2B). Lower limb strength at TO was lower than
T1 and T2 in the low motor competence group and the total sample (Figure 2C). The abdominal
resistance at TO was lower than T1 and T2 in the low motor competence group and the total
sample (Figure 2D). Agility in the low motor competence group and the total sample showed
values at TO higher than T1 and T2, respectively, and T1 was higher than T2 for all groups
(Figure 2E). The flexibility of the low motor competence group and the total sample group
showed higher results at TO than at T1 and T2 (Figure 2F). For speed, TO was higher than T1
for the low and high motor competence groups, and TO was higher than T2 for all groups (Figure
2@G). There were no significant differences in cardiorespiratory fitness between groups (Figure

2H) (p>0.05).
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Figure 1. Results for the Bonferroni post-hoc test for the groups of low and high motor competence, and total sample. Figures shown results for
body composition, physical activity, motor competence, and executive function variables (A — body fat percentage; B — physical activity; C —
general motor quotient; D — inhibitory control; E — working memory; and F — cognitive flexibility); MC - motor competence.
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Figure 2. Results for the Bonferroni post-hoc test for the groups of low and high motor competence and total sample. Figures shown results for
fitness variables (A — handgrip strength; B — upper limb strength; C — lower limb strength; D — abdominal resistance; E — agility; F — flexibility; G
— speed; and G — cardiorespiratory fitness); MC - motor competence.
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The space visualization of the network is presented in Figure 3. The entropy value for
each network showed that TO was the less organized system while T2 was more organized (TO:
-0.46; T1, -0.39; and T2, 0.40), that is, a higher entropy value represents a low ability of the
system to organize itself when it is far from equilibrium and given the nonlinear
interconnectedness of the system's components.

The analysis of the networks revealed the emerging patterns of interrelationships
among all the variables represented in the network. In general, it was possible to observe
different network topologies at the three moments (TO, T1, and T2).

The network that emerged at TO showed many connections between the variables,
indicating a less organized system (higher entropy) due to the numerous connections
established. In addition, several strongly connected relationships were established between
motor competence, sex, age, and inhibitory control. These interactions generate further
relationships with cognitive flexibility, fitness, physical activity, working memory, and body
composition (Figure 3, TO).

A distinct network configuration occurred at T1, with age appearing at the center of the
emerged network, acting as a hub and establishing moderate relationships with executive
function (inhibitory control and cognitive flexibility) and fitness, and weak relationships with
sex and motor competence. Additionally, the network has few connections between the
variables, suggesting that the system self-organizes better compared to TO (Figure 3, T1).

In the pattern of the network that emerged at T2, we observe the existence of sub-
networks, with one network established by the interactions between age, executive function,
and physical activity, and another sub-network established by the interaction between motor
competence, sex, body composition, and fitness. In addition, fitness is positively associated
with age. Although it has fewer connections, the network that emerged at T2 shows the best
pattern of self-organization, indicating a greater capacity for adaptation of this system (Figure
3, T2).

The remained relationships strongly connected over time in the different emerged
networks were between sex and body composition, and age and inhibitory control. Motor
competence had negative and moderate interactions with sex at TO, weak interactions with age

at T1, and with sex at T2.
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@ Sociodemographic Body Composition Physical Activity @ Fitness Executive Functions @ Motor Competence

Figure 3. Network plot of the relationship between body composition, physical activity, fitness,
and executive function of high and low competent children, considering sociodemographic
variables (age and sex) over time. Legend: BFP = body fat percentage; CF = cognitive
flexibility; IC = inhibitory control; MC = motor competence; PA= physical activity; PF =
physical fitness; WM = working memory. Dichotomous variables: BFP = (0 poor body
composition, 1 adequate body composition); MC (0 low motor competence, 1 high motor
competence); PA (0 meets the recommendation, 1 does not meet the recommendation); PF (0
less fit, 1 more fit); and sex (0 girls, 1 boys).

Some clusters have emerged among the emerging network patterns. Three clusters were
observed at TO, with cluster 1 consisting of the relationships between inhibitory control,
cognitive flexibility, physical activity, and fitness; cluster 2 showing relationships with sex,
body composition, and working memory; and cluster 3 showing relationship with age and motor
competence (Supplementary Figure 1, TO). Two clusters were also observed at T1, with cluster
1 comprising relationships between sex, body composition, and physical activity; and cluster 2
consisting of relationships between motor competence, fitness, and executive function
(inhibitory control, working memory, and cognitive flexibility) (Supplementary Figure 1, T1).
Two clusters were observed at T2, with cluster 1 comprising the relationships between fitness,
sex, body composition, and motor competence; and cluster 2 comprising the relationships
between physical activity, age, inhibitory control, cognitive flexibility, and working memory
(Supplementary Figure 1, T2).

The centrality indicators highlighted “age” as the most important variable in the

network, according to the Betweenness, Closeness, and Strength indices (Table 2).
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Table 2. Centrality measures of the network analysis.

Variables Betweenness Closeness Strength
TO T1 T2 TO T1 T2 TO T1 T2

Sex 2.166 0.985 -0.903 0.783 0.272 0.110 1.106 0.849 0.421

Age 0.279 1.407 1.678 0.748 1.173 1.299 1420 1.653 1.434

MC -0.139 -0.703 -0.774 0.688 -0.679 -2.197 0.005 -0.956 -1.393

BPF  -0.768 -0.422 -0.774 -0.043 -0.018 -0.596 -0.200 0.363 -0.553

PF -0.139 -0.703 1.161 0.198 0.224 0.684 -0.261 -0.281 -0.581

PA -0.768 -0.703 -0.774 -0.613 -1.802 -0.003 -0.813 -1.246 -0.774

IC 0908 1.547 0.129 0.871 1.307 0.757 1.052 0.762 1.522

CF -0.768 -0.703 -0.774 -0.391 0.456 0.162 -0.824 -0.012 0.319

WM  -0.768 -0.703 -0.774 -2.241 -0.933 -0.217 -1.483 -1.131 -0.391
Abbreviation: BFP = body fat percentage; CF = cognitive flexibility; IC = inhibitory control;
MC = motor competence; PA= physical activity; PF = physical fitness; WM = working
memory.

4. Discussion

The present study aims were 1) to estimate the intragroup differences in body
composition, physical activity, fitness, and executive function of children with high and low
motor competence over time, and ii) to examine through network analysis the dynamic
interactions between these variables in children with different levels of motor competence. We
verified changes over time in body composition, physical activity, fitness, and executive
function in children with high and low motor competence. Additionally, different network
topologies were observed in children with different levels of motor competence at the three
time points.

Intragroup changes (low and high motor competence) were observed over three
moments for body composition, physical activity, physical fitness, motor competence, and
executive function. In general, the intragroup changes observed indicate that, for physical
fitness and executive function, there appear to be similar patterns in the behavior of these
variables in the high and low motor competence groups over time. On the other hand, when we
focus on changes in body composition, physical activity, and motor competence (motor
quotient), we can observe greater variability in the behavior of these variables in the high and
low motor competence groups over time. These results are positive and expected, as they are in
line with the changes resulting from the children growth and development processes [1]. All
changes are driven by individual constraints, acquired experiences, the specificity of the
proposed activities and/or tasks, and the environment in which the child growth [1,45].

Overall, the results of the study indicate significant changes in body composition,

suggesting that different levels of motor competence may contribute to a healthier lifestyle
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[5,6,19,46]. Physical activity levels increased slightly over time in all the studied groups. And
despite the benefits of physical activity for children's development, its levels tended to decrease
with age [47,48].

Significant changes in physical fitness were observed in all groups studied. Perhaps,
children were involved in physical activities at similar levels, and they got engaged in activities
that mainly focused on other components of fitness (e.g., muscular strength, flexibility, agility)
[15,16]. The low motor competence group and the total sample showed an increase in motor
quotient over time, while the high motor competence group showed a decrease. It is noted that
the development of motor competence throughout childhood can be characterized by a high
degree of interindividual variation [49]. Thus, it is possible to observe that the level of
competence increases in some children, while in other children the level of competence remains
unchanged or even decreases over time [7]. In this regard, promoting the development and
improvement of motor competence appears to be critical to children's growth and overall health
[3,6,7].

Central executive functions also showed significant changes over time. The results
indicate that children with better inhibitory control may be able to better concentrate and
regulate their emotions, which can lead to more precise and coordinated movements [12,49].
On the other hand, children with good working memory can effectively retain and manipulate
information related to physical and motor domains, leading to improvements in motor
performance [50,51]. Cognitive flexibility allows children to quickly adapt their strategies and
motor responses to different situations in their daily lives, leading to more adaptive and
successful motor performance [52,53].

Previous evidence has pointed to some gaps in the assessment of motor competence and
related factors synergistically throughout growth and development [2,8,54]. However, it is not
clear the pattern of the interactions between biological, behavioral, and cognitive factors in
children with different levels of motor competence [3,6,9]. The motor competence and
correlates investigated in this study are sensitive to initial conditions, which means that when
we consider these variables simultaneously and over time, different patterns emerge since the
initial conditions are sensitive to changes [3,22-24]. These different interactions are expressed
through the network topologies [22,23,27], and show a dynamic interactions between body
composition, physical activity, fitness, and executive function in children with different levels
of motor competence over time. Different network topologies were observed, which is a

positive point in the study, as one should not expect the structures to look alike [24,27,55]. The
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network structure tends to change in different age groups and children with different levels of
motor competence, due to the sensitivity of the initial conditions [24].

While it is recognized that children should be encouraged to play freely, it is also
important to note that interactions between children with different levels of motor competence
and correlates can contribute to their whole development over time [7,14,54]. In the emerging
networks, motor competence was negatively associated with sex and age in different ways at
the three time points. Although controversial, these findings suggest that younger girls tend to
have better levels of motor competence compared to boys [6,14,19]. It is possible to argue that
these results are due to the individual characteristics of each group, in which the learning
conditions, the context in which the children are involved, and even the age range at the
beginning of the study, may have contributed to these dynamic interactions [7,18,24]. In
addition, it is noteworthy that younger children tend to be more physically active, engaging in
a variety of physical and motor activities compared to their older peers [56]. This fact may have
contributed to the strong relationship observed between motor competence and age at TO.

A positive relationship between sex, body composition, and physical fitness has been
maintained over time, corroborating previous evidence that girls tend to have worse body
composition and lower levels of fitness as they grow compared to boys [6,19,46]. These
findings may be due to sociocultural influences associated with patterns of physical activity, in
which boys tend to engage in more physical and sports activities that may contribute to fitness
performance and thus better body composition, as well as other factors related to metabolism
and nutrition [5,6,46]. In addition, sex showed higher betweenness values at T0, indicating that
this agent plays an important role in connecting the other variables in the network pattern that
emerged [22].

The specific nature of the interactions between motor competence and executive
functions may be influenced by several factors, including age, sex, developmental stage, and
the complexity of the motor tasks performed [7,9,16,57]. The inclusion of core executive
functions in network analysis from the perspective of nonlinearity was a strength of our study.
Observing the three emerging networks, it is noticeable that executive functions, especially
inhibitory control and cognitive flexibility, kept strong relationships with age over time.
Inhibitory control showed a strong relationship with age (network TO). As children get older,
inhibitory control continues to be associated with age, and cognitive flexibility develops a direct
relationship with age (networks T1 and T2). Specifically, the different network configurations
indicate that older children have a greater ability to adapt behavior and cognitive strategies to

new situations or changes in goals, to search for information stored in working memory, and to
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inhibit certain behaviors in order to perform a wide range of increasingly complex physical and
motor tasks, such as those required in games and sports [12,19,49,52].

Physical activity and fitness in childhood are critical to a child's overall health and well-
being [15-17,47]. Engaging in regular physical activity during childhood has numerous
benefits, in short-, medium-, and long-term [47]. Both correlates, physical activity and physical
fitness, were also connected with age, but to a lesser extent. However, no effect should be
disregarded [24,55]. Even though the associations with age might be weaker for these variables,
they still play a significant role in the overall picture and should not be overlooked [24]. In the
face of complex systems, it is essential to keep variables that have small effects, since a small
effect can be responsible for large changes in the whole network [23,24,55]. Therefore,
accounting for all relevant factors, regardless of their individual effect sizes, is crucial to
understanding the dynamics and emergent properties of the system as a whole [41,55].

The centrality indicators showed that age played the most relevant role in all the
emerging networks, representing one of the central elements to be considered in future
interventions aimed to promote motor competence and its correlates [22,27,57]. Therefore, it is
important to consider that each child is unique and the pace of development may vary [7,10].
Thus, promoting challenging physical activities that provoke children's engagement seem to be
effective strategies to promote motor competence and executive functions in each age group
throughout childhood [3,54,57].

In practical terms, the information obtained from the networks indicates that each group
of children tries to adapt and self-organize their motor skills from the initial conditions
presented [24,27]. The interactions among factors such as sex, age, body composition,
executive function, physical activity, and physical fitness create a dynamic and adaptive system
[24]. Children respond and adapt to these factors in unique ways, resulting in individual patterns
of motor development and competence [3,7,24,54]. Understanding these complex interactions
can help tailor interventions and supports to meet the specific needs and characteristics of each
group and effectively promote their motor development throughout childhood [18,22].

The identification of distinct clusters highlights how different variables within the
network interact and form interconnected groups [22,24,27]. It appears that the relationships
between different variables change over time, indicating the dynamic nature of motor
competence and its correlates during growth and development [7,13]. These clusters shed light
on the complex interactions between different factors that influence motor development in

children and can serve as a basis for planning targeted interventions and understanding the
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interrelationship of these variables in promoting optimal motor competence in children
[7,13,18,24].

The main strength of the present study was the approach used to explore the dynamic
interactions between body composition, physical activity, physical fitness, and executive
function, and to explain their intrinsic nonlinear interrelationships in a real-world context. It
also provides important insights into the exploration and assessment of motor competence and
correlates synergistically throughout growth and development. The method of analysis used in
the study allows to assess the dynamic interactions between variables as a complex system
based on measures of centrality, entropy, and clusters [24,27]. Other relevant aspects of the
study is its longitudinal design that allows the identification of within-group changes over
developmental time.

Despite the novelty of the present study, some limitations should be highlighted. The
inclusion of the general fitness score variable may not have expressed all components; however,
we were careful to include standardized scores for the child's age and sex to minimize error.
The study was limited to a small sample from a specific region of Brazil, so the results should
not be generalized. The inclusion of variables continuous and dichotomous could have changed
the precision of the networks; however, the EBICglasso estimator was used, which is robust
enough to support the sample size (small), the different nature of the variables, and variables
with a non-normal distribution, without compromising the results.

Thus, it can be concluded that the dynamic interactions between different levels of motor
competence and correlates are different during the growth and development process, and

longitudinal research focusing on nonlinear relationships is supported in the future.

5. Conclusion

This study showed that body composition, physical activity, physical fitness, and
executive function in children with low and high motor competence undergo significant
changes over time. These changes are not uniform, but vary between different groups and
individuals.

Nonlinear interactions between these variables in children with different levels of motor
competence were observed. Age plays a central and influential role in the observed networks,
suggesting that it is a critical factor to consider in interventions aimed at promoting motor and
related skills. In addition, the study identified distinct clusters of relationships between
variables at different time points, highlighting the complex and interrelated nature of motor

development and its correlates. Physical activity and fitness also play an important role in the
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development of motor skills, but their effects may be less pronounced compared to age, sex,
and executive functions.

Thus, it is possible to conclude that motor competence and its correlates are considered
complex systems, as they are related to several factors of different characteristics such as
biological, behavioral, cognitive, psychological, and health aspects. In addition, they present a
nonlinear behavior, and as a result, different network topologies emerge. In this regard, it is
important to evaluate and maintain these variables as part of a complex system, especially those
variables that showed small effects, since a small effect can be responsible for significant

changes throughout the network.
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8 CONCLUSAO GERAL

Esta tese € o primeiro estudo a considerar as interagdes dindmicas entre a competéncia
motora e correlatos durante o processo de crescimento e desenvolvimento de criancas, a partir
dos sistemas complexos. O estudo apresentou uma proposi¢ao tedrica que teve como pilares a
complexidade e a nao-linearidade da competéncia motora e correlatos, elementos que devem
ser considerados em futuras pesquisas que busquem investigar as interacdes entre a
competéncia motora e os diferentes dominios do desenvolvimento humano de forma sinérgica.

A busca por novos olhares em termos epistemoldgicos tem proporcionado uma visao
mais profunda dos fendmenos relacionados as interacdes da competéncia motora ao longo do
tempo. Os resultados encontrados representam um avanco significativo em relagdo ao
conhecimento ja existente e possibilitam inferir que o processo de crescimento e
desenvolvimento infantil é caracterizado por mudancas e transformacdes notaveis na vida das
criancas. Dentre essas mudancas, destacam-se os esforcos para compreender e esclarecer os
mecanismos associados a competéncia motora na infancia, abrangendo 4reas como atividade
fisica, indicadores de adiposidade, competéncia motora percebida, aptidao fisica e fungdes
executivas.

Nesse sentido, ao apresentar os dominios metodoldgicos do estudo de delineamento
longitudinal-misto da Zona da Mata — MG e descrever os resultados da linha de base, foram
observadas diferencgas entre os sexos para indicadores de crescimento, satde, atividade fisica,
aptiddo fisica, competéncia motora real e percebida e fungdOes executivas das criangas. As
meninas tiveram um maior percentual de gordura e melhor desempenho no teste de flexibilidade
quando comparadas aos meninos. Por outro lado, os meninos tiveram melhor desempenho na
atividade fisica, aptidao fisica e funcdo executiva (especialmente o controle inibitério). Além
disso, os resultados evidenciaram uma alta prevaléncia de criangas com excesso de peso,
inatividade fisica (AFMV min/dia), baixos niveis de competéncia motora (em meninos), 0 que
denota uma preocupacdo acerca das consequéncias desses comportamentos ao longo da
infancia.

E vilido salientar que os achados encontrados no artigo original 1 da presente tese
(mencionado no pardgrafo anterior), evidenciam a necessidade de implementacao de programas
que tenham como finalidade a promocao da pratica de atividade fisica e desenvolvimento motor
de criancas em diversos contextos como escolas, comunidades e bairros. Essa tratativa pode
contribuir para a vivéncia e estimulo a pratica regular de atividade fisica com vistas a sua

permanéncia ao longo da infancia e vida adulta. Outro ponto a ser mencionado é que os
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resultados encontrados no artigo 1 referente a linha de base, sao valiosos por fornecer uma visao
instantanea de como as varidveis se relacionavam em um determinado momento
(especificamente em 2017, ano inicial do estudo). Através dos resultados foi possivel
identificar associagdes entre varidveis, explorar as diferencas entre grupos e gerar novas ideias
que foram posteriormente investigadas em estudos subsequentes. Especialmente no tocante ao
sexo da crianca, em virtude de apresentarem comportamentos e desempenho distintos, o que na
prética pode ser necessdrio planejar e elaborar programas e atividades especificas consoante ao
sexo da crianga.

No estudo de coortes (artigo orginal 2), as meninas apresentaram maior composicao
corporal em todas as idades e tiveram melhor desempenho na flexibilidade cognitiva. Enquanto
que 0s meninos eram mais aptos e ativos fisicamente, apresentaram melhor desempenho nas
habilidades motoras de controle de objetos, e tiveram melhor resultado para o controle
inibitério. Essas descobertas evidenciam a importadncia de os professores e educadores
desenvolverem tarefas e atividades desafiadoras e estimulantes em sua pratica didria, levando
em consideragdo o nivel de desenvolvimento (fisico, motor e cognitivo) de cada crianga. Para
que isso ocorra, ao promover a atividade fisica, deve-se considerar as aptidOes naturais,
habilidades pessoais e a preferéncia de atividades de cada crianga. Isso pode ser alcancado
através da exploracdo de suas potencialidades por meio de atividades que envolvem
cooperacao, socializa¢ao e competicao.

Além disso, € crucial estabelecer desafios que contribuam para o aprimoramento das
habilidades motoras e cognitivas de meninos e meninas. Os resultados indicam que o sexo € um
fator importante a ser considerado no planejamento de atividades, dadas as diferencas e
preferéncias individuais. Portanto, no contexto prético, o foco deve ser o desenvolvimento
motor e cognitivo, especialmente atentando para as dreas mais frageis e buscando o
aprimoramento das potencialidades de cada crianca.

As andlises de rede mostraram haver associacdes dindmicas e ndo lineares entre
varidveis de saude, bioldgicas, comportamentais e cognitivas ao longo do tempo durante o
desenvolvimento infantil (artigo original 3). Diferentes topologias de redes foram identificadas
em cada coorte. Nessa perspectiva € interessante compreender que os achados demonstraram
que as interacdes entre a competéncia motora e seus correlatos ocorreram distintamente entre
os sexos (conforme as caracteristicas individuais) e a idade das criancas. Na préatica, embora
seja dificil direcionar o olhar individual para cada crianca, faz-se necessario a tentativa de ao
menos agrupar as criangas que apresentam caracteristicas, habilidades e capacidades

semelhantes. Assim, ao propor tarefas e atividades praticas, sugere-se que ao intervir junto ao
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grupo de criangas, respeite-se 0S seus interesses, gostos pessoais, o seu nivel de
desenvolvimento (fisico, motor, cognitivo), e forneca graus de dificuldade cada vez maiores
para cada etapa superada, buscando assim o pleno desenvolvimento da crianga.

Outro ponto que deve ser considerado, estd relacionado a sobreposi¢do de idades em
estudos longitudinais mistos, visto que tal tratativa deve ser reconsiderada, em virtude das
conexoes estabelecidas entre diferentes varidveis (a citar no presente estudo, atividade fisica,
competéncia motora, aptidao fisica, indicadores de adiposidade, competéncia motora percebida
e fungdes executivas), que podem influenciar o comportamento na infincia. Em outras palavras,
criancas com a mesma faixa etdria avaliadas em diferentes periodos de tempo podem apresentar
caracteristicas semelhantes, o que atribui uma caracteristica positiva para os estudos que
contemplem na sobreposicdo de idades. Entretanto, ao analisar o grupo de criangas com
caracteristicas semelhantes, € possivel observar que cada crianga desse grupo, apresente o
proprio nivel de desenvolvimento motor, fisico e cognitivo, e ndo deve ser considerado apenas
em termos medianos, mas sim compreende-los de forma integrada.

A estimativa das diferencas intragrupos na composi¢do corporal, atividade fisica,
aptidao fisica e fungdes executivas de criangas com alta e baixa competéncia motora ao longo
do tempo, evidenciou que a aptidao cardiorrespiratéria foi a dnica varidvel que ndo apresentou
mudancas estatisticamente significativas ao longo do tempo nos diferentes grupos. Os achados
apontam que as mudancgas observadas ao longo do tempo na competéncia motora e correlatos
parecem estar de acordo com a fase de crescimento e desenvolvimento infantil, no qual as
criangas estdo a vivenciar transformacdes nos diferentes dominios (fisico, bioldgico, cognitivo,
psicoldgico e social). Além disso, parece haver um padrao de mudancgas ao longo do tempo nas
varidveis composi¢do corporal, atividade fisica e quociente motor, ao considerar os grupos de
alta e baixa competéncia motora. Uma vez que a competéncia motora estd intrinsecamente
ligada a essas varidveis € esperado que haja padrées de mudangas ao longo do tempo,
dependendo do nivel de competéncia motora das criangas envolvidas. No entanto, é importante
lembrar que esses resultados podem variar consoante fatores, como a idade, sexo, estilo de vida
e outros, que também precisam ser considerados em estudos futuros com andlises mais
detalhadas.

A anélise de rede mostrou diferentes topologias de redes nos trés momentos (TO, T1 e
T2) em criancas com diferentes niveis de competéncia motora, e a idade apresentou maior
relagdo com as varidveis investigadas. A constatacdo de diferentes topologias de redes nos trés
momentos de avaliagdo indica que as relagdes entre as varidveis investigadas sdo dinamicas e

que podem mudar ao longo do tempo. Isso pode refletir o desenvolvimento e as mudancas
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fisicas, cognitivas e na competéncia motora das criangas. Em outras palavras, faz-se necessario
compreender que cada grupo (alta e baixa competéncia motora) de criangas, terd sua propria
rede de associagdes, e que elas podem flutuar conforme os momentos de avaliagdo, em virtude
do nivel de desenvolvimento (motor, fisico e cognitivo) de cada um. Essa flutuag¢do decorre em
virtude da sensibilidade das condic¢des iniciais (em que cada crian¢a apresenta o seu proprio
nivel/desempenho de competéncia motora, aptidao fisica, fun¢des executivas, indicador de
adiposidade e competéncia motora percebida) e, portanto, nao é possivel definir a priori uma
varidvel que foi mais ou menos importante. Todas as varidveis tem a sua relevancia no contexto
analisado. Assim, o tipo de estimulo, atividades fisicas variadas, oportunidades, recursos
materiais e financeiros podem influenciar direta ou indiretamente as interagdes dinamicas da
competéncia motora e correlatos em cada momento avaliado.

Além disso, a observacdo de que a idade tem uma forte relacio com as varidveis
investigadas € importante, pois sugere que o desenvolvimento da competéncia motora e outras
habilidades pode estar intimamente ligado a idade das criancas. Conforme elas crescem, é
natural esperar mudangas nessas habilidades. E desse modo, no planejamento de intervengdes
que visem o desenvolvimento e aprimoramento fisico, motor e cognitivo, a idade é um fator
que deve ser pensado previamente, visto que a medida que as criangas envelhecem, elas
adquirem uma compreensao mais sofisticada de conceitos como espago, tempo e causa-efeito.
Isso permite que elas melhorem suas habilidades motoras e a capacidade de planejar e executar
movimentos complexos, sendo possivel engajar-se em diferentes ambientes e tipos de
atividades.

Por fim, os resultados encontrados na tese enfatizam a importancia das interacdes
dindmicas entre competéncia motora e correlatos no desenvolvimento infantil, a luz dos
sistemas complexos. Além disso, a €nfase na promoc¢do da saide e qualidade de vida das
criancas e na originalidade dos insights fornecidos torna os resultados da pesquisa valiosos e
relevantes para a comunidade académica e profissionais envolvidos na drea da saide e educagao

infantil.
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9 CONSIDERACOES FINAIS

A literatura tem sido consistente ao relatar as consequéncias dos atrasos motores durante
o processo de crescimento e desenvolvimento infantil, associados a fatores individuais,
bioldgicos, comportamentais, cognitivos e sociais. No entanto, o que se observa é que a
avalia¢do de como as varidveis interagem e cooperam para alcancar, ou ndo, melhores padrdes
de desenvolvimento da competéncia motora e seus correlatos, sdo em sua grande maioria: 1)
oriundas de pesquisas com delineamento transversais; ii) exploraram as relagdes entre pares de
varidveis e/ou ocorriam de forma linear; iii) as investigagdes que analisaram as relacdes de
forma ndo linear, ndo consideraram todas as varidveis; 1v) investigaram uma Unica ou uma
ampla faixa etéria; v) ndo buscaram investigar se as interagdes ocorrem de forma semelhante
ou distinta entre os sexos; e vi) além de fornecerem informacdes fragmentadas e parciais,
impossibilitando a compreensdao de como essas varidveis interagem de maneira sinérgica
durante o processo de crescimento e desenvolvimento infantil.

Tal fato, leva-nos a refletir sobre a maneira como estamos olhando para o “problema”.
Com frequéncia, concentramos nossa aten¢do em relagdes isoladas, individuais ou nas
mudancas dessas varidveis ao longo do tempo, como muito bem observado no modelo proposto
por Stodden e colaboradores em 2008, que forneceu suporte tedrico para varios grupos de
pesquisas espalhados pelo mundo acerca das interagdes entre a competéncia motora e correlatos
de forma fragmentada. Na proposta de extensdo ao modelo conceitual, realizada por Lima e
colaboradores em 2022, os autores acrescentaram trés desfechos relacionados a saude,
entretanto, as informacdes acerca das interacdes ainda parecem ser bastante fragmentadas e/ou
mesmo isoladas. O conhecimento dessas informagdes fragmentadas evidencia uma lacuna no
que se considera compreender o processo de crescimento e desenvolvimento infantil de forma
sinérgica.

E aceitdvel afirmar que o conhecimento construido até o momento evidencia que as
interacOes da competéncia motora e correlatos foram exploradas e compreendidas a partir
mecanismos isolados oriundos de modelos lineares (correlagdes, regressdoes). Embora essas
metodologias tenham desempenhado um papel valioso em nossa drea de atuacao, € fundamental
reconhecer que a compreensao da sinergia entre essas varidveis e os padrdoes complexos que
emergem quando sdo consideradas em conjunto ndo pode ser adequadamente alcancada apenas
por meio de modelos lineares. Diante disso, surge a necessidade de termos um olhar mais

sist€mico, integrador, que terd como meio modelos ndo lineares para uma melhor compreensao
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do fendmeno investigado. E nesse contexto que a nossa proposi¢ao tedrica acerca das interagdes
da competéncia motora e correlatos, forneceu uma visdo holistica de como ocorrem essas
interagdes ao longo processo de crescimento e desenvolvimento, e possibilitou através da
perspectiva emergente dos sistemas complexos uma compreensdo de como a competéncia
motora influencia e € influenciada pelos correlatos ao longo processo de crescimento e
desenvolvimento, o que nos pareceu uma alternativa vidvel e vélida.

O uso da teoria dos sistemas complexos no presente trabalho, forneceu uma visao mais
sinérgica dos fendmenos associados a mudancga dessas relacdes ao longo do tempo, assim como
possibilitou o entendimento do quanto essa mudancga interfere no processo de crescimento e
desenvolvimento infantil. Esta abordagem permitiu-nos ndo apenas identificar como as
interacOes entre a competéncia motora, a atividade fisica, a competéncia motora percebida, os
indicadores de adiposidade e as func¢Oes executivas ocorrem ao longo do tempo (momentos
investigados), mas também entender como essas mudancas dindmicas desempenham um papel
crucial no desenvolvimento infantil, influenciando o potencial para o crescimento saudavel, a
aquisicdo de habilidades motoras e cognitivas e o bem-estar geral das criancas.

Nas anélises de redes, as interacOes entre a competéncia motora e correlatos gerou
diferentes topologias de redes, especialmente quando consideramos o sexo, a idade, as coortes
e os diferentes niveis de competéncia motora das criancas. Cada rede emergida nos estudos que
compdem a tese pode ser considerada tnica, inédita, e ndo passivel de comparagdes, mas que
podem ser empregadas no contexto pratico a partir de intervengdes. Através de intervengdes
em elementos que foram fulcrais observados nas redes, podemos obter resultados mais
eficientes e rapidos com vistas a identificar atrasos motores, a inatividade fisica, déficits
cognitivos e psicoldgicos como piores niveis de fungdes executivas e baixa competéncia motora
percebida, e de saide como piores indicadores de adiposidade, baixos niveis de aptiddo fisica
das criangas.

Sabe-se que aprimoramento da competéncia motora na infancia pode, em uma andlise
minuciosa, ser importante para a sadde futura, uma vez que, niveis adequados de competéncia
motora se associam a melhor aptidao fisica, um estilo de vida cada vez mais ativo, com maior
qualidade de vida, melhor composi¢do corporal, e bons niveis de competéncia motora percebida
e funcdes executivas. Com base em nossos resultados, salientamos a necessidade de elaborar
acOes e estratégias que objetivem e estimulem a pratica regular de atividade fisica, com
potencial desenvolvimento e aprimoramento da competéncia motora e aptiddo fisica das
criancas ao longo da infancia. Estimulamos e apoiamos que ir para a escola de bicicleta ou a

pé, pode ser uma alternativa eficaz para a melhora nos niveis de aptidao cardiorrespiratéria e
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de outras componentes da aptiddo fisica das criangas, além de incentivar os pais e/ou
responsaveis para levarem seus filhos a parques, praca ou espaco ao ar livre para realizar
atividade fisica, podem ser ac¢des efetivas na promocgao da saide e de melhor qualidade de vida
da populagao pediétrica.

Algumas lacunas e limitacOes devem ser mencionadas, a fim de contribuir para as
pesquisas futuras. Primeiro, a forma como cada varidvel investigada na presente tese foi
operacionalizada pode ser considerada uma limitagao. Diferentes medidas foram utilizadas para
estimar uma unica varidvel. Por exemplo, a atividade fisica, foi estimada através de
questiondrios, peddmetros e acelerometro. Tais medidas podem representar um Vviés
metodolégico importante, dado que nao foi possivel empregar o uso das trés medidas em todos
os trabalhos da tese. Entretanto, ressaltamos que a estimativa da atividade fisica por diferentes
medidas ocorreu em virtude de o pesquisador tentar cercar o maximo possivel as informacoes
da atividade fisica das criancas, uma vez que cada instrumento forneceu dados especificos
(pontos, passos, intensidade) da respectiva varidvel. Assim, para responder os objetivos do
trabalho, as diferentes medidas da atividade fisica foram utilizadas. Outra limita¢ao diz respeito
a natureza das varidveis, o que pode vir a ser um potencial viés metodoldgico. Por exemplo, o
uso de valores continuos, dicotdmicos e a classificagcdo das varidveis no mesmo estudo.
Todavia, foram tomados os cuidados necessarios a fim de minimizar o potencial de erros.

As lacunas da presente tese centraram-se em duas problematicas: i) nas redes emergidas
ndo terem sido exploradas consoante o sexo da crianga, visto que o sexo foi uma varidvel
importante no estudo de coortes; i1) a dificuldade em reportar os achados de métodos lineares e
nao lineares em um mesmo estudo, de modo a fazer com eles “conversem” entre si. Entendemos
que para melhor compreensao das relacdes estabelecidas no presente estudo, outros importantes
fatores sdo necessarios, como o suporte parental, condi¢des socioecondmicas das criangas,
informacdes qualitativas acerca do comportamento didrio das criancas poderiam ter sido
exploradas. Nessa perspectiva, apoiamos que estudos futuros considerem essas limitagdes e
lacunas para obter melhor compreensao da competéncia motora e correlatos durante o processo
de crescimento e desenvolvimento infantil.

Por fim, dado o importante papel das interacdes dindmicas da competéncia motora e
correlatos durante o processo de crescimento e desenvolvimento, assim como o desejo de
investigar as criangcas em diferentes contextos (ambiente familiar, escolar e vizinhanca),
sugerimos que os temas abordados nessa tese, assim como outros temas relevantes ao processo
de crescimento e desenvolvimento infantil saudavel sejam divulgados por meio da comunidade

cientifica e escolar, e até a gestao publica, de modo a levar essas informagdes a toda comunidade
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local. As informacdes podem ser divulgadas através da midia local, por meio de palestras,
reunides com pais, professores e alunos, assim como através das redes sociais, devido a uma

maior difusdo entre as pessoas, podendo chegar aos lares das criangas.
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APENDICES

APENDICE A: Termo de Consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

O (A) participante , sob sua
responsabilidade, estd sendo convidado (a) como voluntdrio (a) a participar da pesquisa
“Relagdo entre atividade fisica, competéncia motora, capacidades cognitivas e desempenho
escolar em criancas de 3 a 12 anos”. Nesta pesquisa temos dois objetivos principais, que sao:
(i) Analisar a associacdo entre nivel de atividade fisica, competéncia motora, competéncia
motora percebida, aptiddo fisica relacionada a saide e obesidade em criancas de 3 a 12 anos;
(i1) Analisar a associacdo entre nivel de atividade fisica, cognicdo (funcdes executivas),
metacognic¢do (criatividade) e desempenho escolar em criancas de 3 a 12 anos. O motivo que
nos leva a estudar esse tema € ampliar o conhecimento sobre a natureza e a extensao da relacao
dos fatores citados, de forma a estabelecer diretrizes para programas de inicia¢io esportiva e
Educacao Fisica escolar ao selecionar, desenvolver e ensinar os conteidos. Para esta pesquisa
adotaremos os seguintes procedimentos: a) questiondrio para caracterizagdo da amostra que sera
dividido em dados demograficos, questdes sobre as atividades esportivas realizadas no
ambiente escolar e experiéncia esportiva formal; questiondrio socioecondmico; questionario de
motivagdo; b) avaliagdo antropométrica por meio da estatura, peso corporal, dobras cutineas e
circunferéncia de cintura; c¢) avaliacdo da atividade fisica por meio de questiondrio,
acelerdmetros e peddmetros; d) avaliacdo da aptidao fisica por meio de testes de forga,
agilidade, flexibilidade e resisténcia cardiovascular; e) avaliacdo da competéncia global e
motora percebida meio de questiondrios; f) a avaliagdo da competéncia motora por meio de uma
bateria de testes motores que avaliam a coordenagdo motora grossa e as habilidades
fundamentais de locomocao, controle de objetos e estabilidade; g) avaliacdo da criatividade
motora e cognitiva por meio de testes motores e computadorizados, respectivamente; h)
avaliacdo das capacidades cognitivas por meio de testes computadorizados, envolvendo tarefas
de flexibilidade cognitiva, memoria de trabalho e controle inibitério; k) avaliacio do
desempenho escolar por meio dos resultados das provas de Sistema de Avalia¢do da Educacao
Bésica do MEC. O tempo total de aplicacdo de todos os testes serd de aproximadamente 90
minutos por sujeito.

Os riscos envolvidos na pesquisa sdo minimos, visto que ndo sdo diferentes das atividades
regulares das quais o sujeito realiza na escola e nas aulas de Educacdo Fisica, como cansago
muscular e cansaco mental. O cansaco muscular é normal quando o individuo realiza alguma
atividade fisica sendo que a sua recuperacdo ndo exige nenhuma forma de tratamento médico,
ocorrendo de forma natural. O cansago mental também nao € diferente das exigéncias feitas por
outras disciplinas da escola e a recuperagdo também acontece de forma natural. Caso ocorra
algum efeito indesejado, como problemas de saude, desconforto, tontura, ou outros, serd
garantida assisténcia e acompanhamento profissional médico aos participantes do estudo. A
pesquisa contribuird, de forma direta, para o sujeito da pesquisa, tendo em vista que serd
possivel tracar o seu perfil em relacdo a sua competéncia motora, nivel de atividade fisica e
também alguns aspectos relacionados 2 sua satde, como Indice de Massa Corporal (IMC) e
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percentual de gordura, de forma a identificar o desenvolvimento do mesmo dentro de uma curva
de normalidade referente a essas varidveis.

Para participar deste estudo, o voluntirio sob sua responsabilidade, ndo terd nenhum
custo, nem receberd qualquer vantagem financeira. Apesar disso, diante de eventuais danos,
identificados e comprovados, decorrentes da pesquisa, ele tem assegurado o direito a
indenizacdo. O participante tem garantida plena liberdade de recusar-se a participar ou o(a)
Sr.(a) de retirar seu consentimento e interromper a participacdo do voluntdrio sob sua
responsabilidade, em qualquer fase da pesquisa, sem necessidade de comunicado prévio. A
participacao dele (a) € voluntdria e a recusa em participar nao acarretard qualquer penalidade
ou modifica¢do na forma em que € atendido (a) pelo pesquisador. Os resultados da pesquisa
estardo a sua disposi¢do e do participante quando finalizada. O (A) participante ndo sera
identificado (a) em nenhuma publicacdo que possa resultar. O nome ou o material que indique
a participacdo do voluntario ndo serdo liberados sem a sua permissao.

Este termo de consentimento encontra-se impresso em duas vias originais, sendo que uma
serd arquivada pelo pesquisador responsédvel, no Departamento de Educacdo Fisica localizado
na Universidade Federal de Vigosa e a outra serd fornecida ao Sr. (a).

Os dados e instrumentos utilizados na pesquisa ficardo arquivados com o pesquisador
responsavel por um periodo de 5 anos apds o término da pesquisa. Depois desse tempo, 0s
mesmos serdo destruidos.

Os pesquisadores tratardo a identidade do participante com padrdes profissionais de sigilo
e confidencialidade, atendendo a legislacdo brasileira, em especial, a Resolucao 466/2012 do
Conselho Nacional de Satde, e utilizardo as informagdes somente para fins académicos e
cientificos.

Eu, , contato
, responsavel pelo participante
, autorizo sua participacao e declaro
que fui informado(a) dos objetivos da pesquisa “Relagdo entre atividade fisica, competéncia
motora, capacidades cognitivas e desempenho escolar em criangas de 3 a 12 anos” de maneira
clara e detalhada e esclareci minhas ddvidas. Sei que a qualquer momento poderei solicitar
novas informacdes e modificar minha decisao se assim o desejar. Recebi uma via original deste
termo de consentimento livre e esclarecido e me foi dada a oportunidade de ler e esclarecer
minhas dividas.

Pesquisador responsavel:

Mariana Calébria Lopes

Endereco: Av. PH Rolfs, s/n, Campus Universitario, Vigosa - MG
Departamento de Educacgdo Fisica - UFV

Tel: (31) 3899-2249 - Email: mariana.clopes @ufv.br

Em caso de discordancia ou irregularidades sob o aspecto ético desta pesquisa, vocé podera
consultar:
CEP/UFV — Comité de Etica em Pesquisa com Seres Humanos
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Universidade Federal de Vicosa

Edificio Arthur Bernardes, piso inferior. Av. PH Rolfs, s/n — Campus Universitario
Cep: 36590-000 Vigosa/MG - Telefone: (31)3899-2492

Email: cep@ufv.br. Mais informag¢des: www.cep.ufv.br

Vigosa, de de 20

Assinatura do Responsavel Legal pelo Participante

Assinatura do Pesquisador


mailto:cep@ufv.br
http://www.cep.ufv.br/
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Questionario de Dados Demograficos e Escala De Autopercepc¢ao da

Sexo: O Fem (O Masc

O Pablica O3 Particular

APENDICE B:
Competéncia Motora
QUESTIONARIO DE DADOS DEMOGRAFICOS
Cadigo:
Nome:
Idade: Data de nascimento:
Escola:
Série /ano: Deficiéncia: O Sim O Nao - Qual:

Experiéncia esportiva formal (clube ou escolinha esportiva):

Quais esportes voce ja praticou (ou seja, ndo pratica mais) e durante quanto tempo em cada

modalidade?
Esporte que ja praticou Tempo (meses)
1.
2.
3.

ESCALA PICTOGRAFICA DE AUTO-PERCEPCAO DA COMPETENCIA MOTORA

ITEM RESPOSTA JA FEZ?
ITEM 1 1 2 3 4 O Sim 0 Nio
ITEM 2 1 2 3 4 O Sim 0 Nio
ITEM 3 1 2 3 4 O Sim O Nio
ITEM 4 1 2 3 4 O Sim O Nio
ITEM 5 1 2 3 4 O Sim 0 Nio
ITEM 6 1 2 3 4 O Sim 0 Nio
ITEM 7 1 2 3 4 O Sim O Nio
ITEM 8 1 2 3 4 O Sim O Nio
ITEM 9 1 2 3 4 O Sim 0 Nio
ITEM 10 1 2 3 4 O Sim O Nio
ITEM 11 1 2 3 4 O Sim O Nio
ITEM 12 1 2 3 4 O Sim 0 Nio
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APENDICE C: Ficha de Antropometria, Composicao Corporal e Aptidao Fisica

UNIVERSIDADE. FEDERAL DE VICOSA
DEPARTAMENTO DE EDUCACAO FISICA

FICHA - ANTROPOMETRIA/COMPOSICAO CORPORAL/APTIDAO FiSICA

Nome: ID Sujeito:
ANTROPOMETRIA/COMPOSICAO CORPORAL
Varidveis I"medida | 2" medida Média Limite de
Tolerancia
Altura (cm) 0.5 cm
Peso (kg) 0.5kg
Circunferéncia da cintura (cm) 0.5 cm
Circunferéncia do quadril (cm) 0.5 cm
Circunferéncia do braco contraido
0.5 cm
(cm)
Circunferéncia da perna (cm) 0.5 cm
Dobra Triciptal (mm) 2 mm
Dobra Subescapular (mm) 2 mm
Dobra Suprailiaca (mm) 2 mm
Dobra Geminal (mm) 2 mm
Didmetro Bicdndilo-umeral (cm) 0.5 cm
Didmetro Bicdndilo-femoral (cm) 0.5 cm
AVALIADOR (A):
DATA DE AVALIACAO / /
APTIDAO FISICA
Testes
1" medida 2° medida Melhor resultado
Preensdo D (kg)
Preensdo E (kg)
Resultado Re-Testte

Sit up 30seg (rep)
Push up (rep)

Vai e vem 10x5 (seg)

Salto horizontal (cm)

Sit and reach (cm)

Teste do quadrado (seg)

Corrida/caminhada 6 minutos (m)

DATA DE AVALIACAO: / /
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APENDICE D: Ficha de Controle da Atividade Fisica

UNIVERSIDADE
FEDERAL DE VICOSA Vigosa, xx de xxxx de 2017

g DES i eions

Ref: Projeto de Atividade Fisica e Saude

R " S
A

Prezados pais ou responsaveis,

Dando continuidade ao projeto sobre Atividade Fisica e Satide, realizado pelo Departamento de Educagéo
Fisica da Universidade Federal de Vigcosa, em conjunto com a Rebusca, gostariamos de solicitar a colaboracio de
vocés para avaliar o nivel de atividade fisica de seu filho(a).

O(a) seu/sua filho(a) estd usando dois pequenos aparelhos (peddmetro e acelerdmetro) para monitorizar
a sua atividade fisica e que serd utilizado durante 7 dias, 24 horas por dia. Gostariamos de ter o seu apoio, de forma
a que a crianga tire os aparelhos somente quando for tomar banho ou nadar (nfo € & prova d“dgua!) e recoloque-os
logo depois dessas atividades. Informamos, também, que os aparelhos irdo registrar somente o nimero de passos
e a intensidade do nivel de atividade fisica realizado pelo seu/sua filho(a), sendo que ndo causa qualquer dano a
integridade fisica ou a sadde da crianca. Além disso, precisamos que anote o numero registrado no visor do
pedometro na folha em anexo, todos os dias a noite, antes de tirar o aparelho da crianga, para ela dormir. Para isso,

€ necessario abrir a tampa da frente do mesmo (ver foto abaixo do pedometro).

ZLS s Gl

(Acelerdmetro) (Pedometro)

Para qualquer esclarecimento adicional, estaremos a disposi¢do através dos seguintes telefones: Elenice

(31 99882-6576), Profa. Fernanda dos Santos (31 99616-3077), Profa. Mariana Lopes (31 98377-4224).

Atenciosamente,

=

Profa. Dra. Mariana Caldbria Lopes (Responsavel pelo projeto na UFV)



Nome:

CONTROLE PEDOMETRO - NUMERO DE PASSOS

Turma:

Entrega do aparelho: _ /_ /2017

Devolucdo do aparelho: _ / /2017

Dia (Data) Hora que colocou Hora que Numero de passos
o aparelho retirou o (mostrado no visor do
aparelho aparelho)

1°Dia—__/ /2017

2°Dia—__/___[2017

3*Dia—-_/ /2017

4°Dia—__/___ /2017

5°Dia—__/__ /2017

6°Dia—_/ /2017

7°Dia—__/__ /2017

8°Dia—_/ /2017
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ANEXOS

ANEXO A: Parecer Etico

CEP E:;ﬁh::m UNIVERSIDADE FEDERAL DE W
Lanenade oo e 1o VICOSA - UFV

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Relagdo entre atividade fisica, competéncia motora, capacidades cognitivas e
desempenho escolar em criangas de 3 a 12 anos

Pesquisador: MARIANA CALABRIA LOPES

Area Tematica:

Versdo: 2

CAAE: 62145016.8.0000.5153

Instituicdo Proponente: Departamento de Educacio Fisica
Patrocinador Principal: Financiamento Prépno

DADOS DO PARECER

Namero do Parecer: 1888177

Apresentagdo do Projeto:

O presente protocolo foi enquadrado como pertencente a Area Tematica: Ciéncias da Satde

Conforme resumo apresentado no formulario online da Plataforma: A prevakéncia de sobrepeso e obesidade
aumentou drasticamente na populagdo mundial, nos Ultimos anos, inclusive na populagéo infantil. Uma
importante estratégia utilizada no combate a obesidade infantil € a promogao da atividade fisica (AF), que
esta fortemente relacionada com a competéncia motora da crianga. Além disso, os niveis de atividade fisica
parecem influenciar no desenvolvimento das capacidades cognitivas e no desempenho escolar do sujeito.
Desta forma, o presente estudo apresenta dois objetivos principais, baseados, respectivamente, nos
modelos de Stodden et al. (2008) e Tomporowski et al. (2015). O primeiro objetivo € ampliar o conhecimento
sobre a natureza e a exlensdo da relagdo entre nivel de AF, competéncia motora (atual e percebida),
aptiddo fisica e obesidade em criangas.

O segundo objetivo é analisar a associagio do nivel de AF, cognigio, metacognicio e desempenho escolar
de criangas. Assim, em cada um dos objetivos, pretende-se investigar se ha relagao direta ou indireta, com
os fatores especificos observados, estabelecendo entdo diretrizes para os projetos de iniciagio esportiva e
Educacao Flsica escolar ao selecionar, desenvolver e ensinar os contetdos. A amostra sera composta por
aproximadamente 2000 criangas de ambos 0s sexos,

Enderego: Unihersdade Federal de Vigosa, Avenida PH Roifs &/n, Edifico Avthur Bermardes

Bairo: Campus Univesithnio CEP: 338.570-900
UF: MG Municipio: VICOSA
Telefone: (31)3899-2492 E-mail: cop@ufv br
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regularmente matrculadas em escolas publicas (estaduais e municipais) e privadas de Vigosa e municipios
adjacentes, na faixa etana de 3 a 12 anos. Os instrumentos utilizados serfio questionarios, testes motores,
testes cognitivos computadornizados e medidas antropométricas (p.ex. peso, altura e dobras cutaneas). Sera
feito um contato com as escolas piblicas e privadas, para a explicitacido do método e objetives da pesquisa
e aprovacio por parte da instituigdo. A andlise dos dados sera realizada por meio de procedimentos
estatisticos descritivos e de inferéncia, a serem realizados ne programa SPSS® verséo 18.

Objetivo da Pesquisa:

De acordo com os pesquisadores,

Objetivo primano: Analisar a associagdo entre nivel de atividade fisica, competéncia motora, competéncia
motora percebida, aptidao fisica relacionada a salide e obesidade em criangas de 3 a 12 anos. -Analisar a
associagado entre nivel de atividade fisica, cognigio, metacognicio e desempenho escolar em criangas de 3
a 12 anos.

Objetivo secundano;

- Avaliar a composicao corporal, a competéncia motora (atual e percebida), o nivel de atividade fisica e a
aptidao fisica de criangas de 03 a 12 anos de idade;

- Avaliar de forma transversal e lengitudinal a associagdo entre a competéncia motora, competéncia motora
percebida, aptidao fisica e nivel de atividade fisica relacionada a salde e obesidade de criangasde 03 a 12
anos de idade.

- Avaliar a cognicdo, a metacognicdo e o desempenho escolar de criangas de 03 a 12 anos de idade.

- Avaliar de forma transversal e longitudinal a associagic entre nivel de atividade fisica, cognigéo,
metacogni¢do e desempenho escolar em criangas de 03 a 12 anos de idade.

Avaliagdo dos Riscos e Beneficios:

Os pesquisadores apresentam no formulario online da Plataforma os seguintes Riscos. - constrangimento do
sujeito no preenchimento dos questionarios; - Cansago fisico durante os testes motores e fisicos; - Cansago
mental durante os testes cognitivos (fungdes executivas e cratividade), O cansago muscular é normal
quando o individuo realiza alguma atividade fisica sendo que a sua recuperagio néo exige nenhuma forma
de tratamento médico, ocorrendo de forma natural, O cansagco mental também nao é diferente das
exigéncias feitas por outras disciplinas da escola e a recuperago também acontece de foorma natural. Caso
ocorra algum efeito indesejado, como problemas de saude, desconforto, tontura, ou outros, serd garantida
assisténcia e acompanhamento profissional médico acs participantes do estudo.

Enderego: Universdade Federal de Vigosa, Avenida PH Rolfs s/n, Edifico Athur Bemardes

Baimo: Campus Univesithno CEP: 33.570-900
UF: MG Municiplo: VICOSA
Telefone: (31)3899-2492 E-mail: cep@ufvbr
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E os seguintes beneficios:

Os responsaveis receberfo ao final da avaliagdo uma ficha individual com os resultados do voluntario em
relacéio as principais variaveis analisadas relacionadas a saude (competéncia motora, nivel de atividade
fisica e Indice de Massa Corporal (IMC) e percentual de gordura) de forma que possam saber se o
desenvolvimento do sujeito esta dentro de padrdes considerados satisfatérios (normais) para sua faixa
etaria.

Avaliag8o; Os riscos e 0s beneficios estdo descritos conforme recomendagbes sobre pesquisas com seres
humanos baseados na Resolugdo 466/2012 do CNS,

Comentarios e Consideracdes sobre a Pesquisa:

O presente estudo pretende analisar a associagdo entre nivel de atividade fisica, competéncia motora,
competéncia motora percebida, aptidao fisica relacionada a sa(de e obesiklade em criangas de 3 a 12 anos
e analisar a associagdo entre nivel de atividade fisica, cognigdo, metacognigio e desempenho escolarem
criangas de 3 a 12 anos.

Para tanto, propde-se em um estudo com criangas de ambos 0s sexos, regularmente matriculadas em
escolas publicas (estaduais e municipais) e privadas de Vigosa e municipios adjacentes, na faixa etana de 3
a 12 anos aplicar ¢ questionario de caracterizagdo da amostra que envolve os dados demograficos do
sujeito e expeniéncia esportiva, o Questionario socioecondmico, onde sera adotado o Questionario Critério
de Classificagdo Econdmica Brasil (CCEB) versao 2016 — elaborado pela Associagdo Brasilkeira de
Empresas de Pesquisa (ABEP). Para a avaliagéc antropométrica sera realizada por meios dos seguintes
procedimentos: mensuragdo da estatura, peso corporal, IMC, percentual de gordura e circunferéncia da
cintura, A avaliagio do nivel de atividade fisica serd realizada por meio de medidas indiretas (questionanocs)
e diretas (acelerdmetros e peddmetros). Para a avaliagio da aptidao fisica serda com a avaliago dos
componentes da aptidao fisica relacionada a saude (forca, agilidade, flexibilidade e resisténcia
cardiovascular) e sera realizada com base em testes oriundos das baterias EUROFIT (1988), AAHPERD
{1980) e Fitnessgram (Welk & Meredith, 2008, Cooper Institute for Aerobics Research, 2007) e PROESP-BR
(2016). Serdo utilizados 0s

seguintes testes: preensdc manual, flexdo de bragos, impulsdo horizontal, curl up, comida/marcha milha,
cornda/caminhada 6 minutes, sit-and-reach, comida de vaivem e agilidade (teste do quadrado). Avaliagao da
competéncia percebida: Para avaliar a competéncia global percebida das criancas, sera utilizada a Self
Perception Profile for Children (HARTER, 1985), validada para a

Enderego: Universdade Federal de Vigosa, fwenida PH Rolfs /n, Edifico Atthur Bemardes
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populagdoe brasileira por Valentini (2010). No segundo momento, serd aplicada a Escala Pictografica de
Avaliacdo da Competéncia Percebida

em Habilidades Motoras para criangas (LOPES et al., 2016). Avaliagic da competéncia motora:A avaliagio
da competéncia motora envolvera testes de coordenagao motora grossa (Komperkoordinationstest Fur Kinder
- KTK) (KIPHARD & SCHILLING, 974) e das habilidades metoras fundamentais de locomogéo, controle de
objetos (Test of Gross Motor Development —

Second Edition (TGMD-2) desenvolvido por Ulrich (2000) e estabilidade (RUDD et al, 2015). Criatividade
Motora: Escada de agilidade (MORARU et al., 2016) e Teste de Bersch (1883). Criatividade cognitiva: Para
avaliagdo da criatividade cognitiva utilizaremos o Teste de Criatividade Cognitiva (TTCT) proposto por
Torrance (1989) e o teste de jogo situacional (Game test situation - GTS) desenvolvido por Memmert (2006).
Fungbes executivas: serd utilizada a versdo proposta por Towse and Mclachlan (1999), da tarefa de
Geragdo Aleatona de Numeros, teste de Stroop (DIAMOND, 2012); bateria de testes Automated Working
Memory Assessment (AWMA) (DIAMOND, 2012) e tarefa de classificagiio de Cartdes de Wisconsin
(Diamond,2012). Desempenho escolar: utilizaremos a Avaliagido Nacional de Alfabetizagao (ANA), a
Avaliagio Nacional da Educagao Basica e a Avaliagio Nacional do Rendimento Escolar, que compdem o
Sistema de Avaliagio da Educacgio Basica (SAEB) do Ministério da Educacao do Brasil, O estudo sequird
as nomas estabelecidas pelo Conselho Nacional em Salde, sobre pesquisas envolvendo seres humanos
(resolugio 466/2012) e o Estatuto da Crianga e do Adolescente, sendo que o0 mesmo sera submetido ao
Comité de Etica em Pesquisa da instituico proponente (UFV). Procedimentos de coleta de dados: sera feito
um confato com as escolas publicas e privadas, para a explicitagdo do método e objetivos da pesquisa e
aprovacao por parte da instituicdo. Serfio coletadas, dentro do bance de dados das escelas, as informacgbes
referentes as datas de nascimento das criangas e aplicagio da batena de testes que avaliam o rendimento
das criancas nas capacilades coordenativas. Esses dados serdio tabulados em uma planilha prépria para a
posterior analise estatistica. A ordem de aplicagéo dos instrumentos sera balanceada.

Consideragdes sobre os Termos de apresentagdo obrigatéria:

Consideragbes sobre os documentos apresentados pelo pesquisador:

O TCLE e o Termo de Assentimentc estdo de acordo com as recomedacgdes sobre pesquisas com seres
humanos, baseados na Resolugio 466/12 do CNS,

Recomendacdes:

Quando da coleta de dados, o TCLE deve ser elaborado em duas vias, rubricado em todas as suas
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paginas e assinado, ao seu témino, pelo convidado a participar da pesquisa ou responsavel legal, bem
como pelo pesquisador responsavel, ou pessoa(s) por ele delegada(s), devendo todas as assinaturas
constar na mesma folha.

Nao é necessano apresentar os TCLEs assinados ao CEP/UFV. Uma via deve ser mantida em arquivo pele
pesquisador e a outra € do participante da pesquisa,

Conclusdes ou Pendénclas e Lista de Inadequacgdes:

Aprovado

Consideragoes Finais a critério do CEP:

Ao término da pesquisa é necessano apresentar, via notificagado, o Relatério Final (modelc disponivel no site
www.cep.ufv.br). Apds ser emitido o Parecer Consubstanciado de aprovacgio do Relatério Final, deve ser
encaminhado, via notificacde, o Comunicado de Término dos Estudos para encerramento de todo o
protocolo na Plataforma Brasil.

Projeto aprovado autorizande o inicio da coleta de dados com os seres humanos a partir da data de
emissdo deste parecer.

Este parecer fol elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacgio
Informagdes Basicas| PE_INFORMACOES_BASICAS DO_P | 19/12/2016 Aceito
do Projeto ROJETO_814111.pdf 11:26:37
Outros Carta_resposta_CEP.pdf 19/12/2016 | MARIANA Aceito

11:2551 | CALABRIA LOPES
TCLE / Termos de | TA_Modificado_mestrado. pdf 19/12/2016 [ MARIANA Aceilo
Assentimento / 11:25:04 |CALABRIA LOPES
Justificativa de
Auséncia
TCLE / Temmos de | TCLE_Modificado_mestrado.pdf 19/12/2016 | MARIANA Aceito
Assentimento / 11:24:40 |CALABRIA LOPES
Justificativa de
Auséncia
Outros Quest_motivacao.pdf 20/11/2016 | MARIANA Aceito
21:0002 [CALABRIA LOPES
Outros Quest_competencia_global_percebidap| 20/11/2016 | MARIANA Aceilo
df 20:5930 |CALABRIA LOPES
Qutros Escala_competencia_percebida_ HMF_ | 20/11/2016 | MARIANA Aceito
meninos.pdf 20:5855 |CALABRIA LOPES
Outros Escala_compelencia_percebida HMF_ [ 20/11/2016 | MARIANA Aceito

Enderego: Universdade Federal de Vigoss, fwenida PH Rolfs </n, Edifico Avthur Bermardes

Baimo: Campus Univesitanio CEP: 38.570-900
UF: MG Municipio: VICOSA
Telofone: (31)2899-2492 E-mall: cop@ufv br

Pagne 06 de 06

215



CEP f:;:f::hﬂ UNIVERSIDADE FEDERAL DE W
| nersdale ederd fe Vo VICOSA - UFV

Contnuacho do Pamos 1835 177

Outros meninas.pdf 20:5827 [LOPES Aceito

Qutros Quest_Atividade_Fisica.pdf 20/11/2016 | MARIANA Aceito
20:5758 |CALABRIA LOPES

Qutros Quest_sociceconomico.pdf 20/11/2016 | MARIANA Aceito
20:5727 |CALABRIA LOPES

Qutros Quest_Dados_demograficos.pdf 20011/2016 | MARIANA Aceito
20:56:58 | CALABRIA LOPES

Projeto Detalhado / | Projete_CEP_mestrado_final . pdf 20/111/2016 | MARIANA Aceito

Brochura 20:56:10 |(CALABRIA LOPES

| Investigador

TCLE/ Temos de | TA_novo_mestrado.pdf 20/11/2016 [ MARIANA Aceito

Assentimento / 20:5550 |CALABRIA LOPES

Justificativa de

Auséncia

TCLE/ Temmes de | TCLE_Novo_mestrado.pdf 2011172016 | MARIANA Aceito

Assentimento / 20:5538 |CALABRIA LOPES

Justificativa de

| Auséncia

Folha de Rosto Faha_rosto_CEP.pdf 20/11/2016 | MARIANA Aceito
20:55618 [CALABRIA LOPES

Situacgdo do Parecer:

Aprovado

Necessita Apreclacdo da CONEP:

Nao

VICOSA, 10 de Janeiro de 2017

Assinado por:

Maria da Conceigdo Aparecida Pereira Zolnier
(Coordenador)

Enderego: Universdade Federal de Vigosa, Avenida PH Rolfs &/n, Edifico Athur Bemardes
Baimo: Campus Univesitinio CEP: 38,570-900
UF: MG Municipio: VICOSA

Telefone: (31)3869-2492 E-mall: cop@ufv br

Pagna 0 de 00

216



ANEXO B: Questionario sobre Atividade Fisica - Baecke

QUESTIONARIO SOBRE ATIVIDADE FISICA - Baecke

Nome: 1D Sujeito:

Data de avaliagdo: / / -

1 -Qual é a tua principal ocupagao:

2~ Na Escoia, nos periodos de recreio, costuma sentar-sa?
Nunca D RIMWDD Algumas vezes D Frequentemente D Muite Frawmhmsan
1 2 3 4 .

3 - Na atividade escolar mantém-se de pé?

Nunca D Raramenie D Algumas vezes D Frequentemente D Muito Frequenhn\eMD
1 H 3 ] 5

4 - Desloca-se a pé da sua casa para a Escola?

Nunca D Raramente D Algumas vezes D Fraquentemente D Muito FrequenumanhD
1 2 3 4 5

5~ Na Escola pega em cargas pesadas?

Nunca D Raraments D Algumas vezes D Frequentemente D Muito Fraqum‘amamD
1 H 3 4 5

6 - Depols do seu dia escolar sente-se cansado?

Nunca D Raramente D Algumas vezes D Frequentemenie D Muito Frewmhmente[]
1 z 3 4 5

7 - Durante o trabalho escolar diario transpira?

Nunca D Rxth Mgumsvezss[:] Frequentemente D MuhnFraqwn‘ean
1 2 3 ¢ 5
& - Em comparagao com outros colegas da sua idade, pensa que a sua afividade & fisicamene. ..
wais leve [ teve [ Tio pesada | | Pesada [ Mulo pesada ||
1 2 3 4 [
§ - Pratica algum esporte? (Nao deve considerar como exporte as aulas de Educagao Fisica, Considere *sim” apenas
se for exporte praticado e organizado sob a supervis3olorientagao de um professor ou treinador)
Sim D N&o D
Se respondeu afimativamente:
- Qual o esporte que pratica frequentementa?

- Quantas horas por semana?

<1|:1] 1-2[] 2.3 34 )| ]

z 3 4 5

Quanios meses por ano?

< E 1.3[] 4-6[] 7-9D >9D
1 2 ¢

w
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Se pratica um sagundo esparte:
- Qual & o esporte?
- Quantas horas por semana?
<[] 12 2.3 [] -4 [ »e[]
i 2 3 4 5
- Quantos rmeses por ana?

<1 D '[-ED H-ED

]

7s[]

»s [

10 - Em comparagZo com outros colegas da sua idade, pensa que a sua atividade fisica, durante os tempos livres, &7

MutoMenor| | Menor ] ..
| 2 3

11 - Duranie o5 tempos livres franspira?

Munca D Rm’man Mgumas vezes D
1 2 3

12- Duranie os tempos livres pratica esporie?

MNunca D Raramente I:' Agumas vezes ]:I
1 ] 3

13- Durante os tempos livres v& felevisao?

Munca D Raraments D Algumas vezes l:l
i 2 |

14 - Duranle os tempas livres anda a pé?

Munca D Raramenie I:I Algumas vares D
1 2 ]

15 - Durante os tempos livres anda de bicicleta?
Munca [:] Raramente D Algumas veres D
1 7 -]

16~ Quanios minutos anda a pé por dia? (para se dirgir & Escols, local de reino, compres, efc

s 5-15 ] 530 [
i 3

2

mar []

Frequenemenis ||
4

Frequentamente D
4

Frequentements I:I
L]

Frequentemente D
4

Frequentemente I_—__I
4

0-45 []

Muito Maior D

MﬂﬂFramenmnteD
§

Muito quumtmmtal:l
§

Muito quuammmnle[:!
5

Muita Frequentemanie D
§

Muito quuammlelzl
]

sas ]
5
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ANEXO C: Avaliacao dos Critérios de Desempenho — TGMD-2

Nome: ID Crianca
Data: / /
Cadigo:
TGMD-2
Critérios de Desempenho
SUBTESTE LOCOMOTOR
CORRER 1 | 2* | Total
1- Os bracos movem-se em oposicdo as pernas, cotovelos flexionados.
2- Breve periodo quando ambos os pés estdo fora do chdo (v6o momentianeo).
3- Posicionamento estreito dos pés, aterrissando nos calcanhares ou na ponta
dos pés (ndo apoia todo o pé).
4- A perna de balanco flexionada a aproximadamente 90° (préxima das
nddegas).
GALOPE 1 | 2* | Total
1- Bragos flexionados e mantidos ao nivel da cintura no momento que os pés
deixam o solo.
2- Um passo a frente com o pé que lidera seguido por um passo com o pé que
¢é puxado, numa posicio ao lado ou atrds do pé que lidera.
3- Breve periodo em que ambos os pés estdo fora do chio.
4- Mantém um padrio ritmico durante quatro galopes consecutivos.
PULAR EM UM PE SO 1* | 2* | Total
1- A perna de balanco oscila para frente num movimento pendular para
produzir forca.
2- O pé da perna de balan¢o permanece atrds do corpo.
3- Bragos flexionados e movimentam-se para frente para produzir forca.
4. Levanta voo e aterrissa por 3 saltos consecutivos com o pé preferido.
5. Levanta voo e aterrissa por 3 saltos consecutivos com o pé nio preferido.
SALTAR POR CIMA 1* | 2* | Total
1. Levantar vdo com um pé e aterrissa com o pé opositor.
2. Um periodo em que ambos os pés estdo fora do chdo, passada maior que na
corrida.
3. O brago oposto ao pé que lidera faz uma extensio a frente.
SALTO HORIZONTAL 1 | 2* | Total
1. Movimento preparatério inclui a flexdo de ambas os joelhos com os bragos
estendidos atrds do corpo.
2. Bracos s@o entendidos com forca para frente e para cima atingindo uma
extensdo maxima acima da cabeca.
3. Levanta voo e aterrissa (toca o solo) com ambos os pés simultaneamente.
4. Os bracos sdo trazidos para baixo durante a queda.
DESLOCAMENTO LATERAL 1° | 2* | Total

1. Corpo permanece lateralmente com os ombros alinhados com a linha no
solo.

2. Um passo lateral com o pé que lidera seguido por um passo lateral com o pé
que acompanha num ponto proximo ao pé que lidera.

3. Um minimo de quatro ciclos de passadas laterais com o lado direito.

4. Um minimo de quatro ciclos de passadas laterais com o lado esquerdo.

PONTUACAO GERAL - SUBTESTE LOCOMOTOR

219

Avaliador:



Critérios de Desempenho —
SUBTESTE CONTROLE DE OBJETOS

REBATER UMA BOLA PARADA

la

23

Total

1- A mao dominante segura o bastdo acima da m@o nao dominante

2- O lado nao dominante do corpo € direcionado ao lancador imaginario com
os pés paralelos

3- Rotacdo do quadril e ombro durante o movimento

4- Transferéncia do peso do corpo para o pé da frente

5 - O bastio toca na bola

DRIBLE PARADO

la

23

Total

1- Contato na bola com uma mao aproximadamente no nivel da cintura

2- Empurra a bola com os dedos (ndo com tapas).

3- A bola toca o solo a frente ou ao lado do pé preferido do corpo

4- Mantém controle da bola em quatro dribles consecutivos sem necessidade de
mexer os pés para recuperar a bola

RECEBER

la

23

Total

1- Fase de preparacdo com as mdos a frente do corpo com os cotovelos
flexionados

2- Bragos estendidos para alcancar a bola conforme a mesma se aproxima

3- A bola é segura somente com as maos

CHUTAR

12

23

Total

1- Aproximacdo continua e rapida a bola

2- Realiza um passo alongado ou pequeno salto antes de tocar a bola

3- P¢é de apoio colocado ao lado ou ligeiramente atrds da bola

4- Chuta a bola com o peito do pé (altura do cardacgos) ou dedos do pé preferido

LANCAR POR CIMA

la

23

Total

1- Preparacdo do lancamento é iniciada com movimento para baixo da
mao/braco

2- Rotacdo da cintura e do ombro de forma que o lado contralateral ao
lancamento fica de frente para a parede

3- Peso € transferido com um passo do pé oposto ao braco de lancamento

4- Movimento continuo além da posi¢do que a bola foi solta cruzando
diagonalmente o corpo para o lado de lancamento

LANCAR POR BAIXO

la

28

Total

1- A m@o que langa balanca para baixo e para trds, chegando até atras do tronco
enquanto o tronco estd de frente para a parede

2- Passo a frente realizado com o pé oposto a mao que lanca em direc@o ao cone

3- Flexiona o joelho para abaixar o corpo

4- Lanca a bola préxima do chdo de modo que a bola ndo quique mais que 10
cm de altura

PONTUACAO GERAL - SUBTESTE CONTROLE DE OBJETOS
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Fonte: ULRICH, D. (2000). Test of gross motor development: second edition: examiner’s

manual (2nd ed.). Prod-Ed.
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ANEXO D: Escala Pictografica de Avaliacao da Competéncia Percebida em Habilidades
Motoras para Criancas

ESCALA PICTOGRAFICA DE AVALIACAO DA COMPETENCIA PERCEBIDA
EM HABILIDADES MOTORAS PARA CRIANCAS

verz3o portuguesa ds escala cesenvolvids por Liza Bamnest, “W

Nicola Ricgers, Avigdor 2azk € Jo Saimon na Universidace de &‘

Denl:m, mnmewmmmw T

Vitor P. Lopes = Calina Gongs P P | 4
&g-sgnepnrmsarmeunl’mmmn - u:“.
Politacnico de Viana do Castelo S te— k""‘"

v\

B

-';40
A wtilizacio de ascale Pk fice da C iu Py bida am He bdi pnm-lnmlu—o(b‘_-
zando sxte folheto impreaso ou e vesslio App, quer utll do spenas ume hablideds ou todes s el
segunts sgredecmanto:
A tacale Hics de C ‘ de am Al pars Criancas” fol demerveivida por Liss Barmets, Nicsle Ridg-
e, Avigdor Zask & Jo Salmen ne d de 5 b lmmnmu&nmmumn
Salmon, Fece Validity and ofs for in Young
Childres’, Journal of Scence and Medicine In Sport, 18 (2015), 96-202). © de "C &ﬁ- nas Criangea™ » for-
mulecio orsl em cade e fl ade de “The Scale of Pe v and A for Young Chilldran™ de Susan
Marter o Robin G Ples, 1960,
A verndo fol tradhuzide e valk pers por Viker P. Lopes & Calina & a3 o Instituno Polits de - por
Linds Sarsive & Lubs P. Rodrigues do imtituts Polldcnice de Viese do Castelo (chaclio: Lopes, V. P, IMLM :-t-h-,l_ Gongalves, €,
Bows, S, 1, Abbott, 8., & Rodrigues, L I [2014)). Validity and relabiity of & phtorksl P d motor compe-

tance in Portuguase chiliren. Chlld Care Heslth and Dewslopmernt. dot 301111 fech 12359).

Fonte: LOPES, V. P.; BARNETT, L. M.; SARAIVA, L.; et al. Validity and reliability of a
pictorial instrument for assessing perceived motor competence in Portuguese children. Child:

Care, Health and Development, v. 42, n. 5, p. 666674, 2016.



ANEXO E: Ficha de Avaliacao das Funcoes Executivas

"Nome do (i\‘Esmda'-ﬂe.'

_Diu.-d‘;\:iqmt?'g S / Idade (anos): o Anos & meses:
" Data de Aplicagio: : J Sexo:M( ) F() '
= Pablica( ) Privada( ) Ano escolar: il
'.Ap}indor(a): Ordem: 1( ) 2( ) SNAP professor ( )
lOrdeml —_ Ordem 2
MPC de Raven ( ) Torre de Londres ( )
| Teste dos Cinco Digitos ( ) Flugncia verbal Animais, Frutas, Alternada ( )
| Digitos WISC-IV ( ) Digitos WISC-IV ( )
| Fluéacia verbal Animais, Frutas, Alternada ( ) Teste dos Cinco Dfgitos ( )
| Torre de Londres ( ) MPC de Raven ( )
| TDE Aritmética ( ) TDE Aritmética ( )
| MPC de Raven
'I_ J A ‘AB B
1 la ] 4 2
[2 s s 6
'3 [1 1 1
L4 |2 | s 2
s 6] 2 1
6 [3] 1 3
[z [ | 3 s
3 JA 2| 4 6
[9 JIJ’ 6 4
l10_ [3] 3 3
1 4] 5 4
12 [s | 2 5
Total Parcial: | '
Tabela:
Subtraggo:
Soma: Teste VAlido: Sim () Ndo( )
TOTAL | (max.36) Percentil:
“Teste dos Cinco Digitos
Leitura
14325 43152 54231 25143 13254 Tempo (seg.) Erros CorregGes Espontineas
35412 14325 41532 52143 25314 :
| Contagem i . : :
! 14325 43152 54231 25143 13254 Tempo (seg.) Erros Corregdes Espontineas
35412 14325 - 41532 52143 25314 8 5
[Eeeolha
14325 43152 54231 25143 13254 Tempo (seg) Erros Corregdes Espontineas
35412 14325 41532 52143 25314
| Alternancia .
14325 43152 54231 25143 13254 Tempo (seg.) Erros Correges Esponténeas
35412 14325 41532 52143 25314 -
Inibigio (Escolha - Leitura):
Flexibilidade (Alternincia - Leitura):
Torre de Londres (Krikorian version)
Item | Solugio N | Pontuagio | Item | Solugio N | Pontuacio
1 |Vml/va2 2 7 | Vm2Vd1/Vm3/A3 4
2 [AI/Vm2 S 2 8 | AlVm2AZVA i L
3 |Al/Vm2 A3 ou Vml/A3/Vm2 3] 9 | VmINGVm3VAI/A3 ou Vm2/Vd)/VmIVA3/A3 | 5
4 |AUVmA2 3] 10 | Mv2IVAT/Vm3/A3Vd3 s N
5 | Vm2Vd1/Vm3/Vd3 ou Vml/Vd2Vm3/Vd3 | 4 11 | AIVm2Vd2/AINGS B 5 N
6 | A1/Vm2VdVA3 4 12| AINm2IA3/Vd1/A3 ou Al/Vm2/AZVAIIAS |5 -

{ TOTAL (max. 36):
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Hiperatividade- Impulsividade (soma de 102 18)

| Oposigio Desafiante (somade 19a26)

. Fluéncia Verbal Semntica Alternada
Animas Frutas Allmoq!n (Antmal, Fruta)
Correto: Cometo [ Gomeio: -
Ero: | Earo: - Ero:
Repetigio: Repetiglo: - Repetigho: -
Pares corretos:
Digitos WISC-IV i
Ordem Direta > Ordem Inversa .
Pontuagdo (0 ou 1) Ex. 82  |Pontuagio (0ou 1)
56
1. 29 _ L 21 -
46 13 -
2. 386 [ 35 o
61-2 B 64 - -
3. 3417 i 3. 574 o
6-1-5-8 o ] 259 -
4. 84239 - e 7296 o .
52-1-8-6 1 8493 i
5. 389174 . B 5. 41357
79-64-8-3 - 974852
6. 5174238 |6 165298 -
9-8-5-2-1-6-3 L = | 367194 N
7. 18459763 o 7. 8592346
29-7-6-3-1-54 ) . - 4-579-2.81
8. 538712469 |8 69173258 |
4.26-9-1-7-8-3-5 - 3-1-7-9-54-8-2
Acertos o | Acertos e = oane
Span (Alcance) Span (Alcance) B
Acerto x Span Acerto x Span - -
: Teste de ) ho Escolar NS S
Pontuacio | Classificagio MG — = -
__SNAP-Pontusiio TDAH ¢ TOD s L
Desatengio (somade 12 9) Saoo o siions oo
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Abstract: The present study examined gender differences in health, physical activity, physical fitness,
real and perceived motor competence, and executive function indicators in three time points, and
analyzed the dynamic and non-linear association between health, biological, behavioral, and cognitive
variables in children followed over time. A total of 67 children (aged between six and 10 years) were
followed during two years and split into two cohorts (six to eight years old: C1; eight to 10 years old:
C2). Data regarding health, physical activity, real and perceived motor competence, physical fitness,
and executive function indicators were obtained according to their respective protocols. Comparison
tests and network analysis were estimated. Significant gender differences were found in both cohorts.
The emerged networks indicated different topologies in both cohorts. No clusters were observed
between the variables in C1, and there was a greater number of interactions at eight years of age.
Sparse networks were observed in children aged eight and 10 years in C2, and greater connectivity
was observed at nine years of age between health, physical fitness, motor competence, and physical
activity indicators. This study showed that there are non-linear dynamic relationships between health,
biological, behavioral, and cognitive variables over time during child development.

Keywords: growth and development; fundamental motor skills; physical activity; health; cognition;
complex systems; childhood

1. Introduction

Children not only undergo changes in physical /biological aspects during the growth
and development processes, but also in cognitive, social, and behavioral aspects, which
can echo throughout life [1,2]. Physical activity stands out among the variables associated
with these changes, and involves a wide range of movements considered essential for
independence and interaction with the environment, such as functionality, performance,
leisure, and well-being [1,3]. The interaction between movement activities and the environ-
ment favors performing motor skills, as well as the underlying mechanisms (motor control
and coordination) referred to in the literature as motor competence [4-§], which has been
highlighted as important for an active and healthy lifestyle with relevance to child growth
and development [9-11].

In addition to physical activity and motor competence, body composition [12], per-
ceived motor competence [13], physical fitness [14], and executive functions [15,16] have
been identified as important factors for children’s health. In this context, Bremer and

Int. |. Environ. Res. Public Health 2023, 20, 2728. https:/ /doi.org /10.33%0/ijerph20032728
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Cariney [17] synthesized the literature that examined the impact of movement skills in
five health areas (physical activity, physical fitness, body compaosition, self-perception, and
executive functioning), and the results highlight that there is evidence that movement
ability can have a positive influence on broad health domains, both over developmental
time and through interventions. Similar results were reported in other studies [5,12,18];
however, given the complexity, the mechanisms by which all these variables interact and
cooperate to generate healthy movement and behavior patterns in children still seem to be
unknown, especially when it comes to different age groups.

There are many studies that have paid attention to understanding the factors (biologi-
cal, behavioral, and cognitive) associated with human growth and development in both
genders [12,16,19]. A general point in common among the works that investigated the rela-
tionships between physical activity, real and perceived motor competence, physical fitness,
executive function, and health indicators in children is to point out the differences between
the genders [20,21], in addition to considering that these relationships are established lin-
early [13], disregarding dynamic and non-linear synergistic interactions between variables.
In this perspective, cross-sectional studies [22,23] have shown that there are non-linear
relationships between movement behavior variables, fundamental motor skills, and screen
time in preschoolers (as far as we know, studies that have explored the same relationships
in children aged six to 10 are still unknown). On the other hand, longitudinal studies,
which can describe in depth the changes resulting from the growth and development
process and allow the observation of the non-linear interactions between health, biological,
behavioral, and cognitive variables, are scarce especially in second childhood [24]. For
example, Cazorla-Gonzalez et al. [24] explored the impact of crawling before walking on a
network of interactions between body composition, cardiovascular system, lung function,
motor competence, and physical fitness in children seven years old and evaluated the
longitudinal association between the studied variables. The authors observed that the
group that crawled before walking presented more links among all the variables studied
compared to the group that did not crawl. In this sense, new investigations (cross-sectional,
longitudinal, and intervention} are needed to try to fill to this gap.

Since human behavior presents emergent properties as a result of the interaction
between different variables [25,26], the use of dynamic systems and complex systems theory
can help to better understand the phenomena of change and clarify how behavior (of a
given and/or a set of variables) changes over time [27]. Furthermore, the system itself has
an intrinsic tendency to create certain patterns [27], which can result in different network
cm‘l.ﬁguraticns and prcu'ide useful information about the speciﬁc role of components
within an integrated network [28]. Thus, the relationship between health, physical activity,
physical fitness, real and perceived motor competence, and executive function indicators
can be better understood through network science [25], rather than just being examined by
an analysis of associations separately, as in comparison analyses, which, notwithstanding
their relevance, do not allow a deeper understanding about the interactions between
multiple variables. Assuming that these variables are mutually related during childhood,
and the interactions between them are complex, and that different patterns of networks can
emerge, understanding how interactions occur over time can provide relevant answers to
existing gaps on the subject [29,30]. In addition, understanding these emerging network
patterns can provide insights for future interventions in the most sensitive variables or set
of variables in the system. The main objective of this study was to analyze, through network
analysis, the dynamic and non-linear association between health, biological, behavioral,
and cognitive variables in children monitored over time, and as a seccmdar}r objective,
to estimate the gender differences in health, physical activity, physical filness, real and
perceived motor competence, and executive function indicators in three moments.
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2. Materials and Methods
2.1. Ethics Declaration

This study was conducted in accordance with the guidelines of the Declaration of
Helsinki and all procedures were approved by the Ethics Committee in Research involving
human beings of the Federal University of Vigosa, under process number 1.888.177.

2.2. Study Design and Participants

This longitudinal study is part of the research project “Relationship between Physical
Activity, Motor Competence, Cognitive Skills and School Performance in Children and
Adolescents from three to 12 years old”. The participants were monitored over time and
evaluated at three different times one year apart (3 evaluations over 3 years). Thus, the
first evaluation (baseline, T0) was performed between February /March and July /August
2017, followed by an evaluation in 2018 (T1), and another in 2019 (T2). Children of both
genders aged between six and 10 years, regularly enrolled between the first and fifth
grades of the elementary school in the only public elementary school in the city of Santo
Antonio do Grama, Minas Gerais, Brazil, were sampled. In the last census, the municipality
had a demographic density of 31.37 inhabitants/km? and an average population of 4.085
inhabitants [31].

A total of 113 children were enrolled in the first and third years of an elementary
school in the baseline. Of this total, only 89 children agreed to participate in the study. Of
the 89 children invited to participate in the study, 22 were excluded (not having complete
data in the three moments). A total of 67 healthy school-aged children (41 boys and 26 girls;
six to 10 years old) were included in a longitudinal cohort study. The children (N = 36)
from cohort 1 started the study at the age of six years and completed it at the age of eight
years in the last year of assessment (T2). The children (N = 31) from cohort 2 started the
study at the age of eight years and completed the research at the age of 10 years. Subjects
were recruited from the same school.

The inclusion criteria were: (1) children between six and 10 years of age; enrolled at
their first and third grades of elementary school; (2) being regularly enrolled in school;
(3) voluntarily agreeing to participate by the Informed Consent Form signed by the legal
guardians; and (4) not presenting with physical and/or cognitive disability. Exclusion
criteria were: (1) not having information on all the variables analyzed for the three years of
evaluation.

2.3. Instruments and Procedures
2.3.1. Health Indicators

Waist-to-height ratio (WHtR) and body fat percentage (BFP) were included as health
indicators. WHIR was obtained by dividing waist circumference (cm) by height (cm).
Height was measured using a portable stadiometer (Sanny®, Brazil), and waist circum-
ference was taken at the narrowest point between the lower costal margin and the iliac
crest with a measuring tape (Sanny®, Brazil) with a precision of 0.1 cm [32]. The BFP
was calculated from the triceps and subscapular skinfolds [33], and measured using an
adipometer (Mitutoyo, BGF308, Cescorf®).

2.3.2. Physical Activity

Physical activity was measured by applying a questionnaire and using pedometers.
Baecke’s questionnaire on habitual physical activity [34] was applied to children through
direct interviews by the evaluators. The questionnaire consists of 16 questions that are
distributed in three different sections and aims to establish estimates of the habitual physical
activity level of children. The answers are coded on a five-point Likert scale, except for
questions 1 and 9. Scores are obtained based on the answers to the questions grouped
in each of the sections equivalent to: occupational physical activity (practices physical
activity at school/job); sporting physical activity (related to sports, and physical exercise);
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and leisure (occupation of free time), in addition to estimating the total score of habitual
physical activity, with the latter being considered in the analysis.

The children used pedometers (Yamax, Digi-Walker, SW 200) for eight consecutive
days, including two weekend days, attached to their waist in the right mid-axillary line.
They were instructed to wear step monitors during their waking time and should only
remove them for water activities such as showering and swimming. The children's legal
guardians received a diary for using the monitor, in which they should write down the ime
the device was put on, taken off, and the number of steps recorded on the device's display
daily: The children should have used the device with records of the number of steps on
at least four days of the week, one of which should be on the weekend, to be considered
“eligible” to compose the study sample [35]. The average value of the number of steps was
considered in the analysis.

2.3.3. Motor Competence

Motor competence was determined by the Gross Motor Development Test-2 (TGMD-
2) [36], consisting of six locomotion skills (running, leaping, hopping, horizontal jump,
galloping and sliding) and six object control skills (catching, throwing, kicking, hitting,
dribbling, and rolling). Each skill was described and demonstrated once by the evaluator,
followed by two tests performed by the child, according to the protocol for administering
the TGMD-2 [36]. Video footage of each skill has been edited into single movie clips. In the
analysis, each skill was performed twice, and each attempt was scored on the skill criteria
as either successful (value 1) or unsuccessful (value 0). The scores from the two trials were
added together to obtain a raw score for each skill. Scores for all skills were summed (total
skill score range 0-96, locomotor 0-48, object control 0-48). Two evaluators were qualified
and trained for the analysis of each of the skills. The inter-rater reliability in locomotion
and object control skills was 0.75 and (.98, respectively.

2.3.4. Physical Fitness

Physical finess was estimated by evaluating different components (handgrip strength,
speed, agility, lower limb strength, upper limb strength, abdominal resistance, flexibil-
ity, and cardiorespiratory fitness) from different protocols (EUROFIT, FITNESSGRAM,
AAHPERD, and PROESP-BR).

Handgrip strength: measured with a digital dynamometer UAMAR!E', model 5030,
1. The child should be in a standing position using their dominant hand, arm extended
and slightly away from the body, and should press the device with maximum force at
the evaluator's command. The same procedure was performed with the non-dominant
hand. Two attempts were recorded for each hand, with the highest value being recorded.
The average of the best results of each hand (dominant and non-dominant} was used to
compose the analysis [37].

Speed: estimated by the Shuttle run 10 x 5 test. Two parallel lines, five meters apart
from each other, were drawn. The children had to run as fast as possible between one line
and another, crossing it ten times. At the end of the last lap, the time (in seconds) of each
child was recorded [37].

Agility: based on the square test, which consists of walking a delimited course of four
% four meters as quickly as possible. The time {in seconds) spent on the test by the child
was computed [37].

Abdominal muscular resistance: measured by the curl-up test [38]. The child started
in the dorsal decubitus position with their hands positioned behind their neck, knees flexed
(approximately 90 degrees), feet flat on the ground, and they should return to the sitting
position, taking their elbows forward to touch their knees. The child should perform the
highest number of repetitions possible in 30 s,

Upper limb strength: estimated from the push-up test [35]. The child started in the
ventral decubitus position, keeping their elbows extended, hands resting on the floor and
in line with their shoulders, and they should perform as many flexions as possible at
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approximately 90° degrees and elbow extensions for as long as they could perform the
movement correctly.

Lower limb strength: evaluated from the horizontal jump test. The children were
initially positioned behind the starting line with their feet parallel to the ground, and they
performed a horizontal jump as far as possible, allowing the movement of arms and torso.
The child should finish executing the movement with both feet on the ground and without
losing balance. The distance was recorded between the starting line and the closest point of
contact with the ground to this line. Two attempts were recorded, with the average value
considered in the analysis [39].

Flexibility: evaluated by the sit and reach test [40]. The child started by sitting on the
floor with their legs extended, without shoes, and should reach the maximum distance
possible they could on a wooden bench (Wells bench) with both hands by flexing their trunk.
Two trials were computed, and the mean value of both trials was used in the analysis.

Cardiorespiratory fitness: measured from the six-minute running and walking test [39].
The test consists of running and / or walking for six minutes on a defined course (18 x 9m).
The result was determined by the final distance (in meters), considering two decimal places.
The raw value of the distance was considered in the analysis.

2.3.5. Perceived Motor Competence

The Pictographic Assessment Scale of Perceived Motor Skills Competence for Chil-
dren [41] was used to determine perceived motor competence. It consists of 12 pictographic
tasks (six tasks related to locomotion skills and six related to object control skills), in which
perception in each skill is evaluated from one to four points (four points represent high per-
ception). The perception evaluation process for each skill uses a double and dichotomous
process (meaning the child should first point to which of the images best represents them:
the picture of a child who is competent in a skill or another child who is not so competent
in a skill). Then, in line with the previous choice (competent or not), the children must
again choose between two options: for the competent child (four points are assigned for
‘really good at’ or three points for ‘very good at’) and for the child who is not as competent
(‘good at” is awarded two points or ‘not so good’—one point). The total score of the scale
can range from 12 to 48 points. Higher values denote greater perceived motor competence.

2.3.6. Executive Functions

Central executive functions were assessed, including inhibitory control, working
memory, and cognitive flexibility.

Inhibitory control: The Five Digits Test (FDT) was used to measure inhibitory con-
trol [42]. The FDT is a numerical neuropsychological task used to assess the Stroop effect,
divided into four components (reading, counting, choosing, and changing). The first two
components encompass measures of automatic attention and processing speed. The third
component involves a selective attention test (inhibitory control), being estimated in time
(seconds). The last component focuses on executive attention (or top-down attentional
control). The raw score of the third component, which refers to inhibitory control, was used
in the analysis. Higher scores indicate worse performance [42].

Working memory: the Digits test (subtest of the Wechsler Intelligence Scale for
Children-Fourth Edition-WISC IV) [43] was used to assess working memory. The test con-
sists of reproducing eight sequences of digits in two basic orders: (i) direct order (example
of a sequence, 1-4-8); and (ii) reverse order (example of a sequence, 8-4-1). The participant
has two attempts in both sortings, and there is a gradual increase in the number of digits
for each sequence. Higher scores indicate better performance.

Cognitive flexibility: the Alternating Semantic Verbal Fluency test was employed
to assess cognitive flexibility [44,45]. The verbal fluency task consists of producing the
largest number of semantic words in the Animals and Fruits categories in 60 s. The
number of words produced correctly, incorrectly, and corrected were computed. The test
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evaluates information processing speed and requires a focused search in memory (executive
functioning). Higher scores indicate better test performance.

2.4. Data Collection Procedures

First, the signatures of the Informed Consent Term were collected from the children’s
legal representatives. Next, the data collection dynamics began, which took place in two
moments (for all years and /or evaluation time). Evaluations of health, physical fitness, real
and perceived motor competence, executive function, and physical activity (questionnaire)
indicators took place in the first moment. All information was collected during the period
of one week (in both shifts—morning and afternoon), on the school premises. In the second
moment, the children were asked to use the pedometer to estimate their physical activity.
It took 30 days to obtain physical activity data. There was a 12-month interval between
assessments for the collection of longitudinal data. The collection of information was
carried out by a team of researchers (professors, undergraduate, and Master’s students at
the Federal University of Vigosa), trained to carry out the procedures.

2.5. Statistical Procedures

Descriptive information was presented as mean and standard deviation, median and
interquartile range. The normality of the variables was analyzed using the Shapiro-Wilk
test. Student’s f-test of independence and Mann-Whitney U test were used to compare
gender differences for health, physical activity, physical fitness, real and perceived motor
competence, and executive function indicators, according to each cohort. The effect sizes
(ES) of the parametric comparisons were computed following the established cutoff points
(up to 0.4 small; 0.5 to 0.8 medium; greater than 0.8 large) [46]. Statistical significance was
adopted with p < 0.05. Analyses were performed using the SPSS version 22 for Windows
program (IBM SPSS, Inc., Chicago, IL, USA).

Network analysis was used to assess the association between physical activity, phys-
ical fitness components, real and perceived motor competence, and executive function
considering gender, WHtR, and BFP for each age within the analyzed cohorts. A network
is a collection of nodes and edges, where the nodes represent different variables, and the
edges indicate connections between two or more nodes [47]. For example, health indicators,
physical fitness components, real and perceived motor competence, and executive functions
(inhibitory control, cognitive flexibility, and working memory) represented the nodes in
the present study, and the positive and negative relationships between these nodes are the
edges. Thus, the role of each variable (node) in the network can be better understood from
centrality measures, which are generally used to identify critical areas of the network that
can be optimized through intervention processes [17].

Centrality indicators (betweenness, strength, and expected influence) were also re-
ported. Variables with higher betweenness values are more sensitive to change and can act
as a hub, connecting other pairs of variables in the network. In other words, betweenness
values quantify how often a node is part of the shortest path between all other pairs of
nodes connected to the network. The strength indicator is essential for understanding
which variables present the most robust connections in the network pattern. Finally, the
expected influence is a measure of centrality that takes into account the signal of the weights
of the edges—indicating the most influential variables in the network, meaning it provides
inference about how influential the nodes are: positive values indicate that the nodes “turn
on” the network (i.e., have a positive influence on other nodes), while negative values
indicate that the nodes “turn off” the network (i.e., have a negative influence on other
nodes). Centrality values were calculated as standardized z-scores to allow comparison
between networks.

The components of a system under study are directly influenced depending on how
the network is set up, in the same way that the multiple nature of complex systems makes
it difficult to identify the “cause” of why factors (different or similar) can lead to different
results, depending on the context and history of the individual [26].
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The Fruchterman-Reingold algorithm was used. Data were presented in the relative
space of the network in which the variables with stronger associations remained together
and the less strongly associated variables were repelled from each other [45]. The “random
fields of pair-wise Markov” model was used to improve the network accuracy, which was
estimated by the “L1” algorithm (regularized neighborhood regression). The regulation
was estimated by a less complete selection and contraction operator (Lasso) that has
the purpose of controlling the sparse network, and the Extended Bayesian Information
Criterion (EBIC) was used [49]. The hyperparameter (y) determines how much EBIC selects
sparse models, and therefore the hyperparameter was set to 0.25 (range 0 to 0.50), which
is a more parsimonious value in exploratory networks [50]. Furthermore, the network
an.af}rsis uses regu]a.rized absolute minimum contraction and selection operator (LASSO)
algorithms in obtaining the precision matrix (weight matrix). The network is a graphical
representation that includes variables (nodes) and relationships (edges/lines). Positive
relationships are expressed by the blue color and negative relationships are expressed by
the red color in the network. The thickness and intensity of the edge indicate the magnitude
of the associations [51]. The RStudio software version 4.2.1 program (R Core Team, Vienna,
Austria, 2022) and qgraph and ggplot2 packages were used to generate the networks.

3. Results

Descriptive information and results of gender comparisons are shown in Table 1. First,
16 girls and 20 boys were evaluated in cohort 1 (Table 1). It was observed that the girls had
higher BFG values in the three evaluation moments (T0, tz3 = 5.07, p < 0.001; T1, U = 5.28,
p < 0.001; T2, U = 67.00, p = 0.002). Girls had higher values (steps) for physical activity
measured by pedometer than boys in T1, but there was no statistically significant difference,
Significant differences were found at T2, in which boys obtained a greater number of steps
(tzy = —3.52, p < 0.001). It was observed that boys had a relatively higher score regarding
physical activity obtained through the questionnaire (points) compared to girls for the
evaluation moments T0 (t34 = —2.17, p = 0.037) and T1 (tz4 = —2.60, p = 0.010). Boys showed
higher results for physical fitness components compared to girls for abdominal resistance
component at TO (tyy = —2.17, p = 0.036); speed at T1 {tzy = 2.67, p= 0.010); and agility at T2
(U = 87.00, p = 0.020). Boys also had higher scores than girls regarding motor competence
on object control skills in moments T1 (t33 = —2.79, p = 0.011) and T2 (t34 = —2.32, p = 0.026).

The sample in cohort 2 consisted of 10 girls and 21 boys (Table 2). Similarly to cohort
1, girls had the highest BFP values in the three evaluation moments (T0, ty = 2.83, p = 0.008;
T, U =23.00, p < 0.001; and T2, U = 45.00, p = 0.010) when compared to boys. In turn,
boys had higher scores on physical activity (questionnaire) at TO (te = —2.26, p = 0.031)
relative to girls. Regarding physical fitness components, girls showed better results for the
flexibility component in the three evaluation moments; however, results were statistically
significant in TO (tz = 2.05, p = 0.049). Boys showed better results when compared to girls
for the components: abdominal resistance at TO (tzg = —2.32, p=0.027) and T1 (te = —2.17,
p = 0.038); upper limb strength at T2 (U = 49.00, p = 0.017); speed at T1 (o = 2.48, p = 0.019);
agility at TO (tze = 2,97, p = 0.006) and T2 (tzg = 3.15, p = 0.004); and cardiorespiratory fitness
at TO (tza = —2.22, p = 0.034). Boys had higher scores for motor competence on object control
skills at T1 (U = 49.50, p = 0.017) and T2 (tzg = —2.31, p = 0.028). Furthermore, boys had
higher scores at all times for perceived motor competence, being statistically significant
atT1 {tag = —2.55, p = 0.016). For executive functions, boys had better levels of inhibitory
control at T (tzg =2.19, p = 0.036) when compared to girls. In contrast, girls were better
than boys in cognitive flexibility at all times, being statistically significant in T1 (t,g= 2.13,
p=0.042).

The topology of the networks of the first cohort is represented in Figure 1. It can be
seen that the relationships between variables are arranged differently for each age over
time, and a greater number of interactions is observed at eight years of age. No clusters
were found between variables at six and seven years old, while health and physical fimess
indicators are directly related at eight years old.
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Table 1. Descriptive information and results for the comparison tests for cohort 1.

Cohort 1 (Girls = 16; Boys = 20)

, ™ o iR

Variables Gils Boys v » Girls Bays w P Gids Boys w ’
Age (Vﬁﬁ) 631 018 6.39 097 —0932 0356°¢ 736+ 018 74027 -1m? 0317 ¢ 835+ 018 845+ 030 -1.147 0261°
Health Indicators
WHER n44+0m pasEom@ 130 ot 044 + 003 DAMLOM -02°  07HZC 044004 045+ 003 —0m o7ac
BEP ) 2131+ 448 B E4M 57T AI1® D6 1222(687)  53P  <0001° 23190103 1210(555) 000 pom
Physical Activity
Steps EVRAILIMBIG MIESTEIISB 0530 0587 INII04+BWHS1 BKS12EIMM 1167 0254° 59643 LTI 1033081315433 3820 <000
Score 73+08 B1s£116 2177 ot 7674089 BT7E145  -260° Q0I0° A3 LIS se0+135 17 opsd
Physical Fitness
Hand grip strength (kg) a3 076257 1680 01024 11822217 40346 0; QAR 12032232 13855443 1457 Quasd
Abdominal resistance (rep) 8434507 NoL44s 217 omed 1250 6.50) HO0EFS)  1450° D9 13.50 (6.50) 1600(625)  1250° 038
Upper limb strength (rep) 250 (475) 410 (7.50) 12550° 0276 350(10.00) 300(7.25) 157508 0wz 350 (825) 450 (8.00) 12800 0249
bp!!d\:?(] 2464 (14.01) 25.09 (13.83) 143.m0 0604 2529 + 148 2378 + 181 267% 0.010° 2422 £ 149 2371 £ 167 0947 0354 °
Lower limb strength (cm) 9850 (29.43) 9575 (3400) 15400 083 10541 (22.65) 1907 2963)  10750° D95 1122041568 1A L1714 1097 0280°
Flesibility {em) 2855532 236469 1567 0129 2760=678 PE LT 166 DB WWEAT s L7 1450 0160°
Agility sec) 568+ 062 swL0R  0Ft 0mrt 414 (L18) 781(079)  10000b Do 770075 721 (0.49) Zo0t poa
Cardiorespiratory fimess (m) 80543 £ T4105 856 13549 1167 0253° S04 11405 BM6TL 10093  072° 0453°  TROIL 14305 BES1 14636 1400 0169°
Motor Competence
Locomotion skill (pis) 5% L 612 BALAM 0WS 0916°  MI12L4R W5L49 050 0S88° 40242 4000 + 332 050°  0e18¢
Object control skill (pis) 2518 643 TEL5%  -116% 0B1° 19812510 M5:401  —279° QOH° RIS £33 WISLIIE 23T oEEd
Perceived Motor Competence
Pictographic Scale (pts) 4450 (37%) BRET Mt 0% 4130 (10.25) 2500679 12630° 0290 4100(1025) LTI T L =11
Executive Fuction
Inhibitory control (sec) 78.00 (32.25) 78 @50) 1wt a2 57,50 (26.50) SA00(1250)  1400° DM9  4500(1875) S0@2 st oM
Cognitive flexibility (pts) 300 (2.00) 300 (1.71) 135508 0440 443+17 370+ 141 141%  0166° 500{175) 500 (2.75) 156508 0912
Working memory (pts] 2200 (4.00) W02 15em ose7 20.00 {4.00) D0(1800) 15550 OASS 3250{1.00) 000(000 145000 DaM

Legend: WHR—waist-to-height ratio; BEP—body fat percentage; * t—independence ¢ test; ® U—LI of Mann-Whitney; ¢ small effect; ¢ medium effect; © large effect; bold value—p < 0.05,



Int. |, Environ. Res. Public Health 2023, 20, 2728 90f19
Tabile 2, Thesiaiptive filoeiniation nd resilis for the oo parisos 166ts far eohart 2,
Cohort 2 (Girls = 10; Boys = 21)
) 0 T 7]
NEahieg Girls Boys vu p Girls Bays vu P Girls Boys vu »

Age (years) 5294031 8194029 087 0407° 9324033 9214029 085" 0400° 10314032 1021 4029 087° 0387°
Health Indicators
WHER 0.46 (007) 043(008) 250" 0603 0.47 (0.09) 043 10.09) B650" 0441 0.45(0.11) 0.43 (0.09) 250" 0603
BFP (%) B12 76 16612790 283°  0008° 2930 (1482) 1310(1273)  2300° <0001 2263(15.49) 1369(1491)  4500° 0010
Physical Activity

: 820440 + 455885 917980 £ 490890 -052° OE01C 1008992451606 1158015+ 462080 -084% 0405° 1026452: 430201 1131541583602 -050° 0617¢
Score 7804133 8654088 226" 0031°  B07+103 896+ 118 202¢ 002° 194104 5494118 ~069° 0491%
Physical Fitness
Hand grip strength (kg) 1200 4257 12624267 0807 0426° 14454294 1650 4+ 370 065 0137% 16954313 17.59 4 365 -047°  0636°
Abdominal resistance {rep) 7104538 12004554 2320 0027° 10404 440 1428+ 475 2177 0088° 12104428 14664542  -131° 0200¢
Upper limb strength (rep) 100(725) 600 (7.50) SO0 0416 250 (6.25) 5.00 (7.00) 600F 0135 150 (450) .00 (5.00) 9000 0017
Spenhibeeenhibd (sec) 2394 (1.05) 258(095) 65007 009 2397 4 160 280 + 099 248° 0O 23514133 28 4 161 116°  0253°
Lower limb strength (cm) 1034941267 157841905  -1847 0075¢ 1120041776 48442035 164 01¢ 120294 1169 170142131 094 0354¢
Flexibility (cm) 2023393 B7IL467 205 0049° 25814530 2445 4552 063° 059 2731452 2599 4 623 188°  006o¢
Agility (sec) 821£0.60 756 + 055 297%  0006°  736+032 7324042 021° 0830 7394043 656+ 0.44 315°  0004%
Cardiorespiratory fitness (m) 81275 £ 6866  B9L91£ 10160 -220° 0.0M°  §30.09+ 12014 911,00+ 95,584 180% 0082¢ 8579346737 B2 9827 -119% 0243°
Motor Competence
Locomation skill (pts) 36.25 (8.63) 3650(725) 10150 0884 3950 4 474 4119 4296 1210 0233F 42004270 0614253 0620 053¢
Object control skill (pis) 2700 4+ 503 0404402 1437 01624 3600(650) 000(400)  4950° 0017 3804257 0044491 231° 0428
Perceived Matar Competence
Pictographic Scale (pts) 3.10 + 540 3980 £ 494 159° 00689 36104445 10235410 255 0.016° 36504435 7954400  -091% 0366°
Executive Fuction
Inhibitory cantrol (sec) 5350 +9.92 4576870 219° 0036 41004524 37.00 + 533 161 QI8¢ 37.00(11.00) 35.00 (9.50) 9000 0787
Cognitive flexibility (pts) 500 (225) 400 (200) 200 0473 660+ 1.83 5234157 2130 0042 6804147 5804215 130° 0204
Working memory (pts) 200 (675) 2400(1000)  10250° 0917 2400 (8.25) 2400(1500) 9500 0693 3250(12.25) 3500(1800) 8750 0466

Legend: WHtR—waist-to-height ratio; BFP—body fat percentage; * t—independence t test; " U—U of Mann-Whitney; © small effect; * medium effect; © large effect; bold value—p <0.05.
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Figure 1. Network of associations between physical activity, physical fitness, real and perceived
motor competence, and executive function, considering the sex and health variables of cohort 1.
Legend: 1 = sex; 2 = WHIR; 3 = BFP; 4 = hand grip strength; 5 = abdominal resistance; 6 = upper
limb strength; 7 = velocity; 8 = lower limb strength; 9 = flexibility; 10 = agility; 11 = cardiorespiratory
fitness; 12 = physical activity (steps); 13 = physical activity (score); 14 = locomotion skill; 15 = object
control skill; 16 = perceived motor competence; 17 = inhibitory control; 18 = cognitive flexibility; and
19 = working memory.

Centrality indicators reflect the relative roles of each variable in the network. The
centrality indicators of cohort 1 are presented in Figure 2. It is noteworthy that for the
strength indicator, the variables: gender, BFF, inhibitory control, and working memory in
the six-year-old network; gender, BFP, lower limb strength, and agility in the seven-year-old
network; and BFP, speed, agility, and physical activity (number of steps) for the eight-year-
old network were higher, being the variables with more robust connections in the pattern
of each network. The variables: inhibitory control in the six-year-old network, agility in
the seven-year-old network; BFP, upper limb strength, and agility in the eight-year-old
network showed the highest betweenness values. It was observed that speed at seven years
old, and WHIR and physical activity (number of steps) were the main variables at eight
years old regarding the expected influence (meaning they had the highest values).

Cohort 1
T1 -7 years
S e ! ! =T
} ? Bna
— ~
| B «
! EEm—— =
12 =
i z'"‘
11 b
L7) S | B b
i i —| & <
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1-216 17-4.12 1-126 10-412 7=150 3-143 3143 2=192
3-216 I_I 3-126 I_] 7=090 6=-105 12 = 1.85
17 =187 8=180 10=2.66 10-295
19=093 10=272 12=086

Figure 2. Graphical representation of the centrality indicators of cohort 1.
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The networks for cohort 2 are shown in Figure 3. A sparse configuration is observed
at eight and 10 years. There was a greater proximity between health, physical fitness, real
motor competence, and physical activity indicators at nine years old. Weak relationships can
be observed between sociodemographic characteristics and perceived motor competence.
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@ Executive Function (@ Health @ Motor Competence Perceived Motor Competence
@ rhysical Activity @ Physical Fitness (@) Sociodemographic
Figure 3. Network of associations between physical activity, physical fitness, real and perceived
motor competence, and executive function, considering the sex and health variables of cohort 2.
Legend: 1 = sex; 2 = WHIR; 3 = BFP; 4 = hand grip strength; 5 = abdominal resistance; 6 = upper
limb strength; 7 = velocity; 8 = lower limb strength; 9 = flexibility; 10 = agility; 11 = cardiorespiratory
fitness; 12 = physical activity (steps); 13 = physical activity (score); 14 = locomotion skill; 15 = object
control skill; 16 = perceived motor competence; 17 = inhibitory control; 18 = cognitive flexibility; and
19 = working memory.

Figure 4 shows the centrality indicators for cohort 2. WHIR and BFP showed the
highest values for strength at ages eight, nine and 10, while BFP and cardiorespiratory
fitness, and BFP and speed showed the highest values for network connection at eight
and nine years old, respectively; there were no betweenness values for the ten-year-old
network. It was also observed that the WHIR and lower limb strength variables had the
highest values regarding the expected influence indicator in the eight-year-old network;
the WHIR, physical activity (points), inhibitory control, and cognitive flexibility variables
were the highest in the nine-year-old network; and the WHIR and BFP variables showed
higher values in the ten-year-old network.
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Figure 4. Graphical representation of the centrality indicators of cohort 2.
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4. Discussion

The study had the main objective to analyze the dynamic and non-linear association
through network analysis between health, biological, behavioral, and cognitive variables in
children monitored over time, and as a secondary objective, to estimate the gender differ-
ences in health, physical activity, physical fitness, real and perceived motor competence,
and executive function indicators in three moments.

Results indicated that boys achieved better results for physical fitness, physical activity,
and motor competence compared to girls in both evaluation moments (T0 to T2), in both
cohorts. Girls had higher values for BFP at all assessment times in both cohorts, and had
better results for flexibility and cognitive flexibility ability in the second cohort. The network
analysis results indicated different configurations for each age group. Few interactions
were observed at six and seven years in cohort 1, and greater interactions between the
variables of health, physical activity, real motor competence, and physical fitness at eight
years of age. More sparse networks were observed at eight and 10 years of age in cohort 2,
and at nine years of age there was a greater interaction between health indicators, motor
competence, physical fitness, and physical activity.

Gender differences in physical and motor activities are reported in studies conducted
in different countries/cultures [13,20,21,52,53] reporting that boys tend to score higher than
girls in a variety of physical and motor tasks [21,54]. Differences between the ages and
cohorts analyzed were observed in the present study. Girls had higher BFP values at all
ages in both cohorts when compared to boys. These findings in the first cohort may be
due to differences in physical activity, nutrition or metabolism, such as the production of
the hormone leptin, which may favor an early accumulation of fat in girls, as reported in
previous studies [55,56]. Processes related to growth, differences in physical fitness, as
well as sexual dimorphism in fat patterning may have occurred in the second cohort [57],
as girls showed greater subcutaneous adiposity, which is mainly contributed by the skin
fold of the triceps. However, it is highlighted that the findings are worrying due to the
possible negative implications for health, and the morbidities (hypertension, diabetes,
cardiovascular diseases, development of atherosclerosis, among others) associated with
accumulating body fat can compromise the whole development of the child [12,53].

Physical activity behavior (number of steps and questionnaire score) varied between
genders according to evaluation times and the studied cohorts. The differences between
genders for physical activity were accentuated in younger children, as observed in the
literature [13,58], which shows that boys tend to be involved in a greater range of activities
than girls of the same age group [52] due to factors such as parental influence and physical
activity practice [59]. On the other hand, physical activity behavior did not differ signif-
icantly between genders among older children (cohort 2); however, boys had relatively
higher values than girls. Such results may be related to self-efficacy (confidence in the
ability to be active in specific situations), type of habitual physical activity, unstructured
physical activity, and/or active participation in the physical education classes that children
were involved in [3]. In addition, the observed results can be attributed to the characteristics
of each cohort, in which the learning conditions, the context in which children are involved,
and even the age group in which they started the study may have provided this scenario,
given that younger children tend to present a more active profile as opposed to older ones.

The results of physical fitness in the present study point to better performance of
boys. Boys are encouraged from an early age to participate in more vigorous activities
involving greater physical contact, as well as team activities, and outdoor games/play
that can contribute to improvements in physical fitness [53,60,61]. In contrast, girls tend to
engage in more static, collaborative, and domestic activities, which result in low-intensity
activities [61]. Thus, activity patterns and selection throughout childhood are established,
which reaffirm higher physical fitness levels among boys [53,62]. However, it is worth
mentioning that other factors in recent years such as high exposure to screens (smartphones,
tablets, computers, television, etc.), public insecurity, and a lack of leisure spaces can directly
impact children’s physical fitness and lifestyle [63].
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The motor proficiency of locomotor skills in both genders showed similar values.
These results are partly in contrast to the literature, in which there is a tendency for girls to
be better in locomotor skills compared to boys [9,52]. However, it is noteworthy that the
results are positive for locomotor skills and may contribute to better health trajectories in
both genders [30]. On the other hand, boys performed better on object control skills than
girls in both cohorts. These findings corroborate previous evidence that observed similar
results for object control skills [4,52], in addition to the existence of a relationship between
object control skills and physical activity in boys. Evidence supports that girls need other
stimuli to guide the practice of physical activity (for example, systematic activities and
sports programs) to improve their motor competence, especially manipulative skills [21].
In summary, it is emphasized that boys and girls should be permanently encouraged to get
involved in varied activities that stimulate the development and improvement of motor
competence [5,64].

Additionally, evidence supports that perceived motor competence changes substan-
tially throughout childhood [29]. Boys had higher perceived motor competence values
observed in the second cohort in the present study. This result seems to be in line with
previous studies [13,65], which show that the tendency as children get older is to align their
perception of motor competence with actual motor competence, which seems to be in line
with the real motor competence of the boys (both in locomotor skills and object control),
which showed good levels. These findings have positive implications for the developmen-
tal trajectories of children to keep them engaged in activities that are challenging, and thus
contribute to the adoption of a healthy lifestyle [5,5].

Performance on executive function tasks was different for age and gender. It was
observed that younger children (cohort 1) do not differ in terms of gender in their execu-
tive functions. Previous research has pointed out that the full development of executive
functions seems to occur with greater intensity in early childhood or preschool [66,67], and
there is a stabilization of cognitive processes during late childhood, but its assessment is
still relevant. In addition, executive functions are positively influenced by physical activity
and physical fitness [68], which may be related to improved neural connection, structural
and functional brain outcomes, neurogenesis, and release of neurotrophic factors [69].
Boys in the second cohort showed better results for inhibitory control, similar to previous
studies [70]. A hypothesis for this difference within the sample may point to the cognitive
demand of the task performed, in which boys were quicker to answer the test questions. In-
hibition tasks such as reaction time and response accuracy are critical in the developmental
process [66], and children with low inhibitory control have difficulty developing responses
and paying attention [71], which can negatively impact academic learning and focus on
physical and motor activities [15]. Girls showed better results for cognitive flexibility, where
potential factors such as differences in motivation, effort, approaches to schoolwork and
learning styles, parental expectations, and encouragement may have favored girls [72].

New possibilities for interpreting the associations between health, biological, behav-
ioral, and cognitive variables arise with network analysis. The most robust relationships
(which indicate the greatest strength of the network, meaning relationships that were
strongly connected with other nodes) in cohort 1 were observed at eight years of age (T2).
Based on the topology of the network, a greater commitment to physical activity practice in
this phase of life is suggested, aiming at significant contributions to the development of
physical fitness [14,73]. It was also observed that physical fitness, specifically the upper
limb strength and agility components, together with BFP, acted as a hub in the network at
the age of eight due to the greater connectivity with other nodes (variables). Thus, focusing
on developing physical fitness [73] may be the best path in future interventions given the
connectivity with other health outcomes [20,61].

The WHIR and physical activity variables showed higher expected influence values.
From a theoretical perspective, this centrality indicator denotes that these variables are
very influential, and better results can generate a positive change in the observed network
patterns. From a practical perspective, attention to these variables can shape and plan a
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given intervention [3,74], meaning that the focus should be on minimizing WHIR values
and encouraging children to practice various activities. Given this, the focus on promoting
physical activity in this age group is extremely important, as behaviors established during
childhood can be perpetuated in adolescence and adult life [74,75]. In addition, WHIR is an
indicator of cardiometabolic risk associated with cardiovascular disease, hypertension, and
hypercholesterolemia [53]; thus, attention should be paid to this health indicator, especially
in childhood.

Cazorla-Gonzalez et al. [24] recently verified the impact of crawling before walking
on network interactions between body composition, cardiovascular system, lung function,
motor competence, and physical fitness at seven years of age. The retrospective case-control
longitudinal study observed that crawling before walking during child development was a
possible modulator in the interaction of networks between body systems at seven years
of age, and this skill improved throughout the children’s developmental phase [24]. In
general, it was observed that there were greater interactions between physical activity,
physical fitness, and health indicators in the present study in cohort 1, but these interactions
were different at six (T0), seven (T1), and eight (T2) years of age. However, it is noteworthy
that connections with executive functions, real and perceived motor competence, were also
observed, but to a lesser extent. Thus, it is assumed that these different interactions may be
associated with characteristics resulting from the growth and development process, with
direct implications for learning and improving the physical, motor, and cognitive skills of
children [16,17,75].

Health indicators showed the greatest strength in all analyzed networks in the second
cohort. These findings reinforce the importance of monitoring health indicators (WHIR and
BFP) in children. Evidence supports that increased WHIR and BFP indices in childhood tend
to perpetuate during adolescence and adulthood [53] and have harmful effects on health
and well-being [76]. The greatest interactions were observed between health, physical
fitness, physical activity, motor competence, and executive function indicators in the nine-
vear-old (T1) network. These results may have important practical implications, especially
due to the positive association with health and cognitive variables [75]. Encouraging
the regular practice of physical activity (whether aerobic, muscle strengthening, or bone
strengthening) at this stage of life should be a priority, at least three times a week and 60 min
a day [77]. Similar to cohort 1, BFP and cardiorespiratory fitness had high betweenness
values. Above all, offering conditions for active practices such as outdoeor play, games,
structured activities, and active leisure, which enable children to develop and improve their
physical fitness levels, can positively impact body adiposity over time [62,73]. Furthermore,
WHIR, physical activity, and executive functions (inhibitory control and cognitive flexibility)
should not be left out in future interventions as they are very influential variables in the
network.

Although the second cohort showed few interactions between investigated variables
at eight (T0) years of age, it is noteworthy that the network pattern that emerged was
completely different from that observed at eight (T2) years of age in the first cohort. As
far as is known, individual characteristics may have contributed to this difference in age
overlap; in addition, different activities (or lack thereof) in the after-school shift in both
cohorts may have also cooperated with the differences [78]. Even though it is not the
focus of the study, the observed results showed that special attention should be given to
overlapping ages in future mixed longitudinal studies. Furthermore, few interactions were
observed at age 10 (T2). A possible explanation is given to the pre-adolescent period, in
which young people’s behaviors change, with reductions in the practice of physical activity
associated with a loss of interest in these activities, as well as other adoption of prosocial
behavior, making new friendships, ete. [15].

The present study demonstrated different network topologies throughout childhood.
These results allow us to infer that the mechanisms behind growth and development
are complex, dynamic, and influenced by factors such as time, as children from both
cohorts started the research at different ages, and individual (physical and cognitive) and
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environmental factors should be considered in each age group [26,30]. Thus, integrating
several dynamic systems on time scales is not an easy task, and it is even more challenging
to be able to investigate this integration during child’s growth and development. This is
an important challenge because it opens the door to examining different connections and
emerging patterns, as observed in this study. Thus, understanding the complex dynamics
through which systems interact over time during childhood makes it possible to create
individual and collective interventions (if that is the purpose) which help guide children
toward positive health outcomes and developmental trajectories. In summary, most studies
used a linear approach when dealing with data, so the comparison of the results observed in
this study with other studies was not possible. However, a comprehensive understanding
of the investigated phenomena was sought.

The study strengths include direct measures of health, physical activity, physical
fitness, motor competence, and executive function indicators; it is a longitudinal study, and
it comprises a wide age range—six to 10 years old; it employed the use of complex data
analysis—network science; to the best of our knowledge, this is the first study to analyze
the dynamic and non-linear association between health, physical activity, physical fitness,
real and perceived motor competence, and executive function variables in children over
time from a network perspective.

On the other hand, some limitations are highlighted. The larger the sample size, the
more stable and accurate the networks are estimated [47]. Thus, the study was limited to a
small sample from a specific region of Brazil, and therefore the results should not be gener-
alized. The number of components (variables) in the network system may have changed the
accuracy of the networks; however, it is worth highlighting the importance of evaluating
different variables associated with human behavior. The differences observed between
genders for health, physical activity, physical fitness, real and perceived motor competence,
and executive function indicators possibly influenced the interactions observed in networks;
however, gender was included (node) in the configuration of networks.

Thus, it seems clear to us that growth and development patterns are different in
relation to the specific period that is analyzed and that more longitudinal research focusing
on non-linear relationships can be developed in the future. In addition, information about
parental behaviors, socioeconomic status, and peer interactions should be considered in
future studies.

5. Conclusions

The present study showed non-linear dynamic relationships between health, physical
activity, physical fitness, real and perceived motor competence, and executive function
indicators observed in different network configurations throughout childhood, and identi-
fied gender differences for the investigated variables. The relevance of the results indicates
that the interactions between the system components can impact children’s development,
especially when sociodemographic variables (such as age and gender) are considered. A
detailed analysis of network configurations is supported to encourage interventions aimed
at promoting physical activity, physical fitness, real and perceived motor competence,
executive function, and health indicators of children throughout childhood, with attention
to the age at which they presented few interactions.

In addition, the overlapping of ages in mixed-longitudinal studies (although it was not
the purpose of the present study) should be reconsidered given the connections established
between different variables, directly influencing behavior in childhood. Thus, the present
study adds important information to the literature regarding the non-linear, dynamic, and
complex relationship between health, biological, behavioral, and cognitive variables of
child growth and development over time.
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