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Silva, Danilo Rodrigues Pereira. Estacfes de aprendizagem em pé para reduzir
comportamento sedentario na escola: efetividade, potencialidades, aceitabilidade
e fatores associados. 2017. 110f. Tese (Doutorado em Educacéo Fisica) — Centro de
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RESUMO

O aumento do nivel de atividade fisica e a redugcdo do comportamento sedentario
em jovens sao grandes desafios da area de saude publica. Assim, o objetivo deste
estudo foi verificar a aceitabilidade, bem como os efeitos comportamentais e
cognitivos do uso de estagbes de aprendizagem de altura ajustavel no ambiente
escolar, durante as aulas, em adolescentes. Quarenta e nove adolescentes de 11 a
13 anos, estudantes do 6° ano de uma escola de Lisboa, Portugal, foram separados
por conveniéncia em dois grupos (intervengdo: n = 22 e controle: n = 27). A
intervencgao teve a duragao de 16 semanas e foi centrada na substituicdo das mesas
tradicionais de sala de aula por estacbes de aprendizagem de altura ajustavel.
Acdes especificas direcionadas ao ambiente social (pais e professores) foram
conduzidas na tentativa de otimizar a adaptacdo ao novo ambiente de sala de aula.
Um conjunto de testes e medidas foi utilizado para analise do comportamento
sedentario, atividade fisica e cognigdo, antes e apdés o periodo de intervencéo.
Opinides e percepcoes dos professores, alunos e pais foram coletadas em
momentos especificos. Reducdo do tempo sedentario no ambiente escolar
[intervengao: -37,6 min/9h (-69,7;-5,5) vs. controle: +11,9 min/9h (-3,7;27,5)], sem
efeito compensatorio fora da escola [intervencdo: -34,9 min/d (-82,2; 12,4) vs.
controle: +31,6 min/d (9,6; 53,5)] e algumas alteragcbes negativas na cognigéao
[memoria operacional (intervengao: +18% vs. controle: +42%)] e inteligéncia nao-
verbal (intervencdo: -14% vs. controle: +4%)] foram observados, contudo, sem
influéncia no desempenho académico. A maior parte dos professores (89%) e pais
(59%) indicaram boa aceitabilidade ao novo mobiliario de sala de aula. Por outro
lado, a maioria dos alunos (73%) reportaram n&o ter vontade de continuar usando as
estacbes de aprendizagem de altura ajustavel apdés o periodo de intervengdo. Os
resultados sugerem que a sustituicdo das mesas tradicionais de sala de aula por
estacbes de aprendizagem de altura ajustavel pode contribuir para a redugado do
tempo sentado durante as aulas, sem efeito compensatério fora da escola.
Adicionalmente, 16 semanas de intervencdo nao foram suficientes para modificar o
desempenho académico.

Palavras-chave: Estilo de Vida Sedentario. Atividade Motora. Saude Escolar.



Silva, Danilo Rodrigues Pereira. Classroom standing desks to reduce sedentary
behavior at school: effectiveness, potentialities, acceptability and correlates. 2017.
110p. Thesis (PhD in Physical Education) - Physical Education and Sport Centre.
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ABSTRACT

The increase of physical activity and reduction of sedentary behavior among youth
are major challenges of public health field. Thus, the aim of this study was to verify
the acceptability and the behavioral and cognitive effects of active-permissive desks
at school among adolescents. Forty-nine adolescents aged between 11 and 13
years-old, students of 6th grade of a school in Lisbon, Portugal, were separated in
intervention group (n = 22) and control group (n = 27). The intervention take place
over 16 weeks and was focused on the replacement of traditional classroom desks
for standing desks. Specific actions were conducted to social environment (parents
and teachers) in order to optimize the adaptability with the new classroom furniture. A
set of tests and measures were adopted to analyse sedentary behavior, physical
activity and cognition outcomes, before and after the intervention period.
Opinions/perceptions of teachers, students and parents were collect at specific
moments. Reductions in sedentary time at school [intervention: -37.6 min/9h (-69.7 to
-5.5) vs. control: +11.9 min/9h (-3.7 to 27.5)], with no compensatory effect outside
school [intervention: -34.9 min/d (-82.2 to 12.4) vs. control: +31.6 min/d (9.6 to 53.5)]
and some negative changes in cognition [operational memory (intervention: +18% vs.
control: +42%)] and non-verbal intelligence (intervention: -14% vs. control: +4%)]
were observed, however with no changes in academic performance. The majority of
teachers (89%) and parents (59%) indicated good acceptability of new classroom
furniture, but most students (73%) reported that they did want to continue using the
standing desks after the intervention. The results suggest that replacing traditional
classroom desks through standing desks could contribute to the sedentary time
reduction at school, with no compensatory effect outside school. In addition, 16
weeks of intervention were insufficient to change academic performance.

Keywords: Sedentary Lifestyle. Motor Activity. School Health.
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1 INTRODUCAO

A reducao do nivel de atividade fisica, principalmente ao longo das ultimas
quatro décadas, tem sido identificada em diferentes populagdes, tanto em paises
desenvolvidos quanto em desenvolvimento (HALLAL et al., 2012). Mais
recentemente, pesquisadores tém se preocupado em analisar um novo paradigma
da area de saude publica associado ao comportamento sedentario (BIDDLE et al.,
2016; HAMILTON et al., 2008; OWEN et al., 2010).

Definido como qualquer comportamento adotado durante o periodo de vigilia
e sendo caracterizado por um dispéndio energético < 1,5 METs, na posi¢ao sentada
ou deitada (SEDENTARY BEHAVIOUR RESEARCH NETWORK, 2012), a anadlise
do comportamento sedentario tem atraido a atencdo da comunidade cientifica, visto
que as recomendagdes atuais de atividade fisica (WORLD HEALTH
ORGANIZATION, 2010) séo bastantes limitadas ao considerarem apenas 2% ou 4%
do dia de adultos e criangas, respectivamente, desconsiderando as atividades
realizadas no restante do dia (TREMBLAY et al., 2016). Portanto, mesmo sendo
considerado "ativo fisicamente", de acordo com as recomendagdes vigentes, uma
pessoa, por adotar um comportamento tipicamente sedentario no restante do dia,
pode apresentar um risco aumentado para o desenvolvimento de doengas crénico
néo transmissiveis (PANDEY et al., 2016). Apesar de ainda n&o haver consenso na
literatura, ha indicativos de que tal risco pode até mesmo ser superior aquele de um
sujeito "fisicamente inativo", mas que apresenta uma quantidade de tempo
acumulado menor em comportamento sedentario ao longo do dia (BISWAS et al.,
2015; SANTOS et al., 2014). Assim, inatividade fisica e comportamento sedentario,
enquanto importantes fatores de risco a saude, devem ser considerados
comportamentos independentes.

Em uma meta-analise recente, Ekelund et al. (2016) identificaram que uma
elevada quantidade de atividade fisica diaria de intensidade moderada (60-75
minutos), apesar de eliminar o efeito negativo do tempo total sentado, n&o foi
suficiente para eliminar o efeito negativo do tempo em frente a televisdo, em adultos
e idosos. Para além da analise da quantidade total, o padrdo do tempo despendido
em comportamento sedentario parece ser fundamental para sua analise em termos

de risco a saude, de modo que longos e ininterruptos periodos de comportamento
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sedentario estao relacionados com maior risco para a desenvolvimento de algumas
doencas crénicas (DEMPSEY et al., 2014; DUNSTAN et al., 2012).

Em jovens, existem indicativos de que o tempo em frente a televiséo e o
tempo sedentario total estdo relacionados com importantes desfechos bioldgicos,
como excesso de peso e baixa aptidao cardiorrespiratoria (VAN EKRIS et al., 2016).
Entretanto, menos evidéncias existem sobre os possiveis efeitos do comportamento
sedentario sobre a saude mental, cognicdo e desempenho académico (CLIFF et al.,
2016; HAAPALA et al., 2014); sobretudo, pelas diferentes manifestagdes do
comportamento sedentario. Por exemplo, se o0 tempo despendido em
comportamento sedentario em frente a televisdo pode ser pouco produtivo para o
desenvolvimento intelectual, 0 mesmo periodo de tempo em comportamento similar,
contudo, dedicado a atividades que envolvem leitura, pode favorecer o
desenvolvimento cognitivo e melhorar o desempenho académico (HAAPALA et al.,
2014). Todavia, considerando que esses desfechos apresentam longo periodo de
laténcia (AGIRBASLI; TANRIKULU; BERENSON, 2016) e podem ser influenciados
por diversos fatores ao longo da adolescéncia, estudos que adotem delineamento
longitudinal com controle dos comportamentos adotados durante as 24 h do dia séo,
ainda, necessarios para elucidar sua modulagcdo sob diferentes exposi¢cdes ao
comportamento sedentario.

Considerando que muitos dos comportamentos desenvolvidos na infancia
tendem a apresentar uma certa estabilidade ao longo da vida (BIDDLE et al., 2010),
estratégias direcionadas para redugao do comportamento sedentario, quando
implementadas em idades precoces, podem contribuir para a promog¢éo da saude da
populagdo em médio e longo prazo. Além disso, existem indicativos de que é a partir
da entrada no sistema educacional que observa-se reducido dos niveis de atividade
fisica e aumento no tempo sedentario diario (REILLY et al., 2016). Logo, parece
inquestionavel a necessidade de nao apenas se promover atividade fisica, mas
também desenvolver estratégias para reducdo do comportamento sedentario na
infancia e, em particular, no ambiente escolar.

Nesse sentido, desde a sua institucionalizagéo, a escola representa um
ambiente bastante atraente para implementacao de inumeras ag¢des de intervencao,
tais como alimentagao saudavel (ALOIA et al., 2016), educagéo sexual (TIMOL et al.,
2016) e atividade fisica (COOPER et al., 2016). Entre as principais vantagens do

sistema escolar para implementagado de ag¢des de intervengao se destacam a sua
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capacidade de transformacédo e o agrupamento em um ambiente comum da maior
parte das criancas e adolescentes, inexistindo ambiente semelhante em outras fases
da vida (por exemplo, entre adultos ou idosos). Portanto, agdes integradas e
articuladas, de médio e longo prazo, que visem a promogao da saude e prevengao
de doengas podem e devem ser inseridas na escola (WHO'S GLOBAL SCHOOL
HEALTH INITIATIVE, 1998).

Para tanto, apesar de representar uma instituicdo independente, a escola
deve estar em constante didlogo com outras esferas da sociedade. Nesse contexto,
uma das principais criticas sobre o sistema educacional atual é a sua rigidez frente
as abruptas mudangas ocorridas na sociedade, em particular, ao longo das trés
ultimas décadas. Se por um lado o desenvolvimento tecnoldgico, um fendbmeno
transversal as transicbes demografica, epidemiologica e nutricional (BARRETT;
CHARLES; TEMTE, 2015), favoreceu uma mudanga acentuada no estilo de vida da
populacdo mundial, por outro lado, o conservadorismo enraizado na instituicao
escola fez com que essa se distanciasse cada vez mais do que acontece fora do seu
préprio ambiente.

Apesar da distribuicdo do dia de uma crianga ou adolescente variar muito em
funcdo do sistema educacional ou aspectos culturais de cada pais, pode-se dividir
as 24 h do dia desta populagdo em: a) tempo de sono (oito a 10 h); b) lazer (cinco a
nove horas); c) deslocamentos (até duas horas); e d) tempo na escola (cinco a nove
horas) (TREMBLAY et al.,, 2016). Nesse sentido, por representar uma importante
periodo do dia em que se mantém um comportamento predominantemente
sedentario, o sistema educacional tem sido um dos maiores promotores deste tipo
de comportamento durante a infancia, representando cerca de 50% do tempo gasto
em comportamento sedentario por um jovem (CHAPUT et al., 2016).

Vale destacar que, em termos relativos, mais de 60% do tempo dentro da
escola e mais 90% das atividades realizadas em sala de aula sdo sedentarias
(CARDON et al., 2004). Dessa forma, a escola se apresenta como o ambiente ideal
e potencial para reverter a tendéncia de progressivo aumento do comportamento
sedentario ao longo da infancia e adolescéncia. Por ser um ambiente mais
controlado, ¢é plausivel assumir que os determinantes para a mudanca
comportamental também podem ser mais facilmente influenciados. Entretanto, nédo
se pode desprezar que, independente de sua presenca bastante evidente no
ambiente escolar (CARDON et al., 2004; LANNINGHAM-FOSTER et al., 2008), o
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comportamento sedentario em jovens se manifesta em outros dominios da vida, tais
como nas atividades de lazer, por meio do uso de celular, computador, televisdo ou
video game (WU et al.,, 2016); e no transporte, que apesar de representar uma
parcela relativamente menor do tempo diario total, tem sido apoiado nas
intervengdes de deslocamento ativo, sobretudo pautadas no ambiente social e fisico
(CHILLON et al., 2011).

Esses fatos tém atraido pesquisadores a testarem diferentes intervencgdes,
na tentativa de reducgao e interrupcdo de comportamento sedentario na escola. Uma
recente revisao sistematica (ALTENBURG; KIST-VAN HOLTHE; CHINAPAW, 2016)
localizou 21 intervengdes para reducdo de comportamento sedentario em jovens,
sugerindo que, entre as estratégias adotadas, a modificagdo no ambiente fisico da
sala de aula parece ser uma das mais promissoras. Dessa forma, acompanhando a
tendéncia das standing desks em ambientes de trabalho (adultos), 17 estudos até o
presente momento buscaram investigar a aceitabilidade e os efeitos do uso de
estacdes de aprendizagem em pé (ou de altura ajustavel), em substituicdo as mesas
tradicionais de sala de aula, sobre aspectos comportamentais, psicolégicos, fisicos e
cognitivos, em criangas e adolescentes.

Um fato que chama a atencao é que todas as intervencdes apresentadas na
Tabela 1 foram conduzidas em paises desenvolvidos (Oceania, Europa e EUA). Os
principais desfechos investigados nesses estudos estdo relacionadas a efetividade
deste tipo de intervencdo em termos de reducdo e/ou interrupcdo do tempo
sedentario, bem como sua aceitabilidade (dor nas pernas e coluna; concentracéo e
atengao dos alunos). A opgao por esses desfechos sdo pautadas, principalmente, na
premissa de que se a intervencgao efetivamente reduzir/interromper o tempo sentado
e for bem aceita, os beneficios a saude serdo uma mera consequéncia. De fato, as
intervengdes conduzidas até o momento observaram redugdes de 40 a 60 min no
comportamento sedentario no ambiente escolar, com relatos de boa aceitabilidade

por parte dos professores e alunos.
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Tabela 1. Descrigdo das intervengdes com estacdes de aprendizagem que permitem o trabalho em pé durante as aulas em

criangas e adolescentes.

Autores Delineamento Amostra Intervencgao Avaliacdes Desfechos Principais Consideracgbes
(Pais) resultados
Aminian; Quasi- n = 26 (18 Mesas para trabalho Inicio, apds Comportamento Grupo intervengdo As informagdes
Hinckson; experimental intervencdo e 8 em pé, sem ajuste cinco e nove sedentario reduziu o tempo possuem pouco
Stewart, 2015 controle); duas de altura, de uso semanas, (ActivPALTM); dor sentado (45 min no poder para
(Nova escolas; 9 a 11 coletivo seguidas de musculoesqulética total e 36 min na inferéncias
Zelandia) anos follow-up de (questionario); escola) e aumentou
13 semanas  aceitabilidade (grupo o tempo despendido
focal). em pé (55 min no
total e 24 min na
escola). Sem
diferencas com
relacdo as dores e
boa aceitabilidade
Benden et al., Experimental n = 58 (31 Mesas de altura Inicio e ao Dispéndio energético O grupo intervengdo Avaliagbes
2011 (EUA) intervencdo e ajustavel. Uso fim do ano (BodyBugg apresentou apenas nos dias
27 controle); 6 individual. letivo (~nove armband) dispéndio energético de semana.
a7 anos meses) 17% superior ao Poucos detalhes
grupo controle sobre a
intervencao
Benden et al.,, Quasi- n = 9 (apenas Mesas para Inicio e apds Dispéndio Foi observado um Analise de
2012 (EUA) experimental turma trabalho em pé, cinco meses energético aumento de 25,7% apenas duas
intervencdo); 6 sem  ajuste de (BodyBugg no dispéndio horas (8h30min
a 8 anos altura, de uso armband) energético com o as 10h30min
individual uso das mesas em
comparacao as
mesas tradicionais
Benden et al., Transversal n =42 (15 sala Mesas para Transversal Postura (Portable Nao foram
2013 (EUA) (duas modificada e trabalho em pé, Ergonomic observadas
condicoes) 27 sala sem ajuste de Observation) e diferengas entre as
tradicional); 7 altura, de uso desonforto  (auto- condigdes
a 9 anos individual relatado)

*Todas as diferengas/mudancas reportadas foram estatisticamente significantes (p < 0,05). CS = comportamento sedentario; IMC =
indice de massa corporal; CC = circunferéncia de cintura.
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Tabela 1. Descricdo das intervengdes com estacdes de aprendizagem que permitem o trabalho em pé durante as aulas em
criangas e adolescentes (continuacéo).

Autores Delineamento Amostra Intervencgao Avaliacdes Desfechos Principais Consideracgbes
(Pais) resultados
Benden et al., Quasi- n = 337 (202 Mesas para Outono e Dispéndio 0] grupo Analise de
2014 (EUA) experimental intervencdo e trabalho em pé, Primavera energético e intervengao apenas duas
135 controle); sem  ajuste de (~nove numero de passos apresentou maior horas (9h30min
7 a 9 anos altura, de uso meses) (SenseWear™ dispéndio as  11h30min).
individual armband) energético e Sem avaliagbes
numero de passos de baseline
no momento inicial (puro)
(outono). Todavia,
as diferencas
diminuiram ao longo
do periodo de
acompanhamento.
Blake et al., Transversal n = 58 (31 Mesas de altura Fim do ano Aceitabilidade Professores e pais
2012 (EUA) intervencdo e ajustavel, de uso letivo (entrevistas com relataram boa
27 controle); 6 individual professores e pais) aceitabilidade e
a7 anos melhor
comportamento na
escola (maior foco e
atencdo).
Cardon et al., Transversal n = 47 (22 Multicomponente. Final de Postura (Portable Grupo intervengdo A intervencéo
2004 intervencdo e Mesas que uma Ergonomic apresentou melhor ocorreu na
(Alemanha e 25 controle); 8 permitiam o intervencdo  Observation); postura e mais Alemanha e o
Bélgica) anos trabalho em pé de 18 atividade fisica tempo em controle na
associadas a outras meses (acelerdbmetro CSA movimento durante Bélgica.
modificagcbes no 7164); dor as aulas. Grupo Informagbes
ambiente de sala de musculoesquelética controle reportou coletadas
aula (questionario) maior desconforto apenas no
postural periodo de aula

*Todas as diferengas/mudancgas reportadas foram estatisticamente significantes (p < 0,05). CS = comportamento sedentario; IMC =
indice de massa corporal; CC = circunferéncia de cintura.
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Tabela 1. Descrigdo das intervengdes com estacdes de aprendizagem que permitem o trabalho em pé durante as aulas em
criangas e adolescentes (continuacéo).

Autores Delineamento Amostra Intervencgao Avaliacdes Desfechos Principais Consideracgbes
(Pais) resultados
Clemes et al., n = 30 (16 Seis mesas de Inicioeapdés Comportamento Grupo intervengéao
2015 (Reino experimental intervencdo e altura ajustavel. nove sedentario reduziu 52,4 min de
Unido) 14 controle); 9 Uso alternado entre semanas (ActivPAL™) tempo sentado
a 10 anos os alunos durante as aulas,
sem efeito
compensatorio
Clemes et al., Experimental n = 44 (24 Mesas de altura Inicio e apés Comportamento Grupo intervencgéao
2015 intervengdo e ajustavel, de uso 10semanas sedentario reduziu 43,7 min de
(Australia) 20 controle); individual (ActivPAL™) tempo sentado
11 a 12 anos durante as aulas,
sem efeito
compensatorio
Cotardo Ayala n = 41 (21 Mesas de altura Inicio e apés Comportamento Grupo intervengdo Melhoria nos
etal., 2016 experimental intervengdo e ajustavel, de uso 32semanas sedentario reduziu o numero em indicadores de CS
(Australia) 20 controle); 11 individual.  Agdes (ActivPAL™); bouts de CS com na escola ndo
a 12 anos multinivel nao atividade fisica tempo > 10 min e foram observadas
claramente (GT3X); pressao aumentou transicbes para a analise do
sistematizadas arterial (OMRON posturais  (escola), dia inteiro
HEM-907); sem diferencas nos
antropometria (IMC demais desfechos
e CC); dor
musculoesquelética
(questionario)
Dornhecker et Experimental n = 282 (158 Mesas para Outono e Comportamento em O uso das mesas Poucos detalhes
al., 2015 intervencdo e trabalho em pé, primavera sala de aula nao comprometeu o da intervencéao
(EUA) 124 controle); sem  ajuste de (~nove (BOSS) engajamento  dos foram
7 a9 anos altura, de uso meses) alunos em sala da apresentados

individual

aula

*Todas as diferengas/mudancgas reportadas foram estatisticamente significantes (p < 0,05). CS = comportamento sedentario; IMC =
indice de massa corporal; CC = circunferéncia de cintura.
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em pé durante as aulas em

Autores Delineamento Amostra Intervencgao Avaliacdes Desfechos Principais Consideracgbes
(Pais) resultados
Hinckson et Quasi- n = 30 (23 Mesas para Inicio e apés Comportamento Grupo intervencdo Publicado como
al., 2013 experimental intervencdo e trabalho em pé, quatro sedentario reduziu tempo brief report, de
(Nova 7 controle); 9a sem  ajuste de semanas (ActivPAL™);  dor sentado total (~uma modo a ndo
Zelandia) 10 anos altura, de uso musculoesquelética h/d). A intervengdo permitir claro
coletivo (questionario); foi bem aceita, sem entendimento de
aceitabilidade aumento no relato todos
(entrevista e grupo de dores procedimentos
focal)
Koepp et al.,, Quasi- n = 8 Mesas para Inicio e ap6s Numero de passos Nenhuma diferenca Metodologia
2012 (EUA) experimental (intervencdo); trabalho em pé, cincomeses (peddmetro foi encontrada fragil
11 a 12 anos sem ajuste de Walk4life);
altura, de uso Viabilidade
individual (percepgao do
professor).
Koskelo et al., Quasi- n = 30 (15 Mesas de altura Inicio até 24 Postura Intervencao A intervencao foi
2007 experimental intervencdo e ajustavel, de uso meses, a (cirtometria); tensdo melhorou a postura mais direcionada
(Finlandia) 15 controle); individual cada quatro muscular sentada e em pé. para melhorar a
16 a 18 anos meses (eletromiografia); Tensdo  muscular postura sentada
aceitabilidade e dor sentada foi
(questionario e diminuida. Boa
entrevista) aceitabilidade e

menor relato de dor.

*Todas as diferengas/mudancgas reportadas foram estatisticamente significantes (p < 0,05). CS = comportamento sedentario; IMC =
indice de massa corporal; CC = circunferéncia de cintura.
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Tabela 1. Descrigdo das intervengdes com estacdes de aprendizagem que permitem o trabalho em pé durante as aulas em
criangas e adolescentes (continuacéo).

Autores Delineamento Amostra Intervencgao Avaliacdes Desfechos Principais Consideracgbes
(Pais) resultados
Lanningham-  Quasi- n = 24 Trés condigbes: a) Inicio, Atividade fisica Maior nivel de As condi¢des
Foster et al., experimental (intervencao); tradicional, b) semana 3 e (acelerbmetro MMA atividade fisica foi tiveram duragao
2008 (EUA) 9a 11 anos mesas com altura semana 12  7260Q) observado na diferentes (“a” e
ajustavel e uso condicdo “c” em “c”: uma semana;
individual e ¢) comparagao com as “b”: oito
intervencéo outras duas semanas)
ambiental mais condi¢cbes. Apenas
ampla O uso das mesas
(multicomponente) ndo aumentou a
movimentacdo em
sala de aula
Mehta et al., Quasi- n = 27 Mesas para Inicio e apés Cognicao (testes Melhoria em alguns Auséncia de
2015 (EUA) experimental (intervencéo); trabalho em pé, ~28 especificos); testes  cognitivos, grupo  controle
14 a 15 anos sem ajuste de semanas atividade cerebral com aumento na compromete
altura, de uso (fNIRS; n = 14) oxigenacao cerebral inferéncias a
individual durante a partir dos
realizagao dos resultados
testes encontrados
Sudholz et al., Quasi- n = 41 Uma sala com Inicio e apés Comportamento Menor tempo Pouco uso das
2016 experimental (intervencdo); mesas de altura sete sedentario sedentario foi mesas (baixa
(Australia) 12 a 16 anos ajustavel, de uso semanas (ActivPAL™); observado na sala exposi¢ao)
individual e rotativo atividade fisica de aula
(apenas em (GT3X); experimental (60 vs.
algumas aulas). aceitabilidade 90%). Boa
(questionario) aceitabilidade  por

parte dos alunos e
professores

*Todas as diferengas/mudancgas reportadas foram estatisticamente significantes (p < 0,05). CS = comportamento sedentario; IMC =
indice de massa corporal; CC = circunferéncia de cintura.
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Tabela 1. Descricdo das intervengdes com estacdes de aprendizagem que permitem o trabalho em pé durante as aulas em
criangas e adolescentes (continuacéo).

Autores Delineamento Amostra Intervencgao Avaliacdes Desfechos Principais Consideracgbes
(Pais) resultados
Wendel et al., Experimental n = 193 Mesas para Inicio, apés Excesso de peso Maior redugdo do A intervencao foi
2016 (EUA) [intervencao- trabalho em pé, oito e 20 (IMC) IMC foi observada dividida em dois
intervencéo sem ajuste de semanas no grupo que usou blocos de ~oito
(n = 59); altura, de uso a mesa durante os meses cada,
intervengéo- individual dois anos letivos. durante o ano
controle Todavia, o grupo letivo
(n = 62) exposto ao uso das
controle- mesas em apenas
intervencao um periodo também
(n = 23); e reduziu IMC em
controle- comparagao ao
controle grupo controle-
(n =49)] controle

*Todas as diferengas/mudancas reportadas foram estatisticamente significantes (p < 0,05). CS = comportamento sedentario; IMC =
indice de massa corporal; CC = circunferéncia de cintura.
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Considerando que a maioria dos estudos analisou apenas o comportamento
no ambiente escolar, torna-se impossivel a identificacdo de possiveis efeitos
compensatérios fora da escola. Portanto, a reducdo do comportamento sedentario
na escola pode ter sido compensada por um maior tempo sedentario ou menor
tempo de atividade fisica de intensidade moderada a vigorosa em outros contextos,
como no lazer ou deslocamento (hipétese “activstat”) (RIDGERS et al., 2014). Por
outro lado, a intervengdo pode ter um efeito sinergista de modo a estimular, em
longo prazo, maior vigor fisico e habitos ativos fora da escola (GOODMAN;
MACKETT; PASKINS, 2011). Dessa forma, faz-se necessario investigar os efeitos
desta intervencdo em sala de aula nas 24 h do dia.

Para além dos desfechos mais recorrentes investigados, parece interessante
analisar os possiveis efeitos do menor tempo sentado em sala de aula sobre o
desempenho académico e fungdo cognitiva dos alunos (DONNELLY et al., 2016).
Em um primeiro momento € plausivel assumir que a mudanga na condi¢cao
‘homeostatica” da sala de aula, mesmo trazendo beneficios a saude, pode dificultar
o controle do professor sobre a turma, prejudicando a capacidade de concentragéo,
atencdo e aquisicdo de conteudos, por parte dos alunos. Por outro lado, ha
evidéncias sociais e biolégicas que permitem hipotetizar efeitos positivos da
mudanga do ambiente e dindmica em sala de aula sobre a cognigdo e desempenho
académico (MAHAR, 2011).

Assim, tem-se observado abruptos avangos tecnoldgicos que influenciam
direta e indiretamente a conduta e o acesso dos jovens a informagao atualmente; os
quais tém estimulado praticas pedagogicas mais ativas como a PBL (Aprendizagem
Baseadas em Problemas). Adicionalmente, a interrupcédo do tempo sentado e a
consequente contragdo muscular acarretaria aumento do fluxo sanguineo, liberagéao
de fatores de crescimento e miocinas, capazes de atuar na ativacdo cerebral,
melhorando o fluxo de ideias e memorizagcéo (VOSS et al., 2014). A mudanga na
estrutura e dindmica de sala de aula poderia, ainda, favorecer o trabalho coletivo,
em equipes colaborativas, com potencial para estimular habilidades sociais, maior
engajamento dos alunos e, consequentemente, melhor aprendizagem.

A maioria dos estudos até o presente momento faz inferéncias sobre os
beneficios do uso das esta¢des de aprendizagem de altura ajustavel com base em
relatos subjetivos de professores e alunos. Apenas um estudo realizou medidas
objetivas de cognicao (MEHTA; SHORTZ; BENDEN, 2015), cujos efeitos positivos
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do uso do novo mobiliario foram observados sobre algumas fungcbes cognitivas e
maior ativagdo do cortex pré-frontal na execugdo de alguns testes. Todavia, a
grande limitagao do referido estudo foi a auséncia de um grupo controle.

Outro aspecto a ser considerado em relacdo aos estudos publicados sobre
essa tematica envolve os instrumentos utilizados para a medida do comportamento
sedentario. Dos 17 estudos, apenas seis avaliaram objetivamento o tempo
sedentario por inclinometria. Por um lado, estudos que se baseiam apenas no uso
de acelerometria ou em medidas subjetivas podem limitar ou comprometer em parte
a interpretacao das informacdes produzidas, por outro, a auséncia de avaliacdo do
comportamento sedentario limita qualquer inferéncia sobre os efeitos deste tipo de
intervencao em aspectos fisicos ou cognitivos, uma vez que n&o se pode argumentar
que os efeitos sdo do reduzido tempo sedentario. Nesse sentido, embora Wendel et
al. (2016) tenham encontrado redug¢des no indice de massa corporal apos 12 meses
de intervengao, a auséncia de analise da efetividade da intervencdo nao assegura
que tais modificagdes ndo tenham sido acarretadas por outros fatores.

Por fim, a heterogeneidade dos procedimentos especificos utilizados nas
intervencgdes dificulta a extrapolagao dos resultados. Algumas intervengdes oferecem
mesas de altura ajustavel para uso individual, outras fornecem mesas altas (sem
ajuste) para uso coletivo. Algumas apenas fazem a substituicdo do mobiliario sem
qualquer acdo em outro componente ou nivel, outras fornecem orientacdes
especificas para o uso das mesas, atuam na sensibilizagdo e motivagcao para o uso
do novo mobiliario e fazem treinamento com professores para otimizagcédo da pratica
pedagogica. Além disso, muitos dos estudos publicados fornecem poucos detalhes
dos procedimentos adotados. Todavia, apesar de ndo ser observada qualquer
tendéncia de resultados positivos entre as estratégias especificas, intervengdes para
reducdo do comportamento sedentario, focadas em multiplos niveis, tendem a ser
mais efetivas (GARDNER et al., 2016).

Considerando essas informacgdes, verifica-se a necessidade do
desenvolvimento de estudos que proporcionem uma intervencao padronizada em
diferentes componentes e niveis (alunos, pais e professores; ambiente fisico e
social); avaliagdes objetivas da atividade fisica e comportamento sedentario nas 24 h
do dia, sete dias por semana; avaliacdo objetiva da funcdo cognitiva e
acompanhamento do desempenho escolar; e conducdo da intervencdo em um

contexto cultural diferente dos paises anglo-saxdnicos. Tais investigacbes poderao
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contribuir para o melhor entendimento acerca da nova organizagdo em sala de aula,
tanto na reconstrugdo das praticas pedagodgicas, como nos seus efeitos sobre
comportamentos relacionados a saude. Por representar uma potencial fonte de
mudanga paradigmatica no ambiente escolar, espera-se que as informacdes
empiricas produzidas fomentem, em um futuro breve, politicas intersetoriais de

promogao da saude.
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2 OBJETIVOS

e Analisar os efeitos de uma intervencao para redugcdo do comportamento
sedentario na escola sobre os comportamentos adotados nas 24 h do dia

(durante a semana e aos finais de semana) em adolescentes;

e Estimar o potencial das estagbes de aprendizagem de altura ajustavel para
reducao do tempo sedentario total (dentro e fora da escola) em jovens;

e Identificar os efeitos do uso de estagbes de aprendizagem de altura ajustavel
em sala de aula sobre a fungdo cognitiva e desempenho académico em

adolescentes do 6° ano;

e Avaliar a aceitabilidade e percepcdes dos pais, alunos e professores sobre o
uso de estagdes de aprendizagem de altura ajustavel em substituicdo ao

mobiliario tradicional de sala de aula.
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3 METODOLOGIA

3.1 ESTRUTURA DA TESE DE DOUTORADO

A organizacao da presente tese foi pautada no modelo escandinavo, no qual
a contextualizacdo do problema da origem ao estabelecimento de diferentes
objetivos, que por sua vez sao analisados a partir da redagéo de artigos cientificos.
Considerando a dimensdao dos desfechos avaliados, quatro artigos foram
desenvolvidos, de modo a compreender a complexidade das respostas a
intervencao. O primeiro artigo teve como foco os efeitos comportamentais (atividade
fisica e comportamento sedentario) resultantes do periodo de intervengédo. O
segundo apresenta uma estimativa do potencial das estagbes de aprendizagem de
altura ajustavel para reduzir o tempo sedentario total, comparando a linha de base
(uso de mesas tradicionais) com as semanas que os estudantes nado tiveram as
cadeiras na sala de aula. O terceito artigo buscou identificar potenciais mudancgas
cognitivas em resposta ao uso do novo mobiliario de sala de aula. Por fim, apds a
analise dos desfechos principais, o quarto artigo verificou a aceitabilidade, além de
identificar possiveis determinantes para o sucesso da intervengao proposta. Dessa
forma, a conclusdo geral da tese foi subsidiada por aspectos quantitativos a
qualitativos que perpassam o uso das estacdes de aprendizagem de altura ajustavel

no ambiente escolar.

3.2 VISAO GERAL DO PROJETO

O presente estudo foi executado durante estagio de bolsa de doutorado
sanduiche em Lisboa (Portugal) e faz parte do projeto denominado ERGUER. Trata-
se de um ensaio clinico nao-aleatorizado, com grupo controle, conduzido com duas
turmas (intervencao e controle) de uma escola de grande porte na regido central de
Lisboa. A intervencao teve a duracdo de 16 semanas e foi centrada na substituicdo
das mesas tradicionais de sala de aula por estagdes de aprendizagem individuais
que possibilitavam transi¢cdes posturais (trabalho em pé), bem como movimentagéo
em sala de aula. Além da mudanga no mobiliario, a intervengdo envolveu acgdes
especificas com professores, alunos e pais. Os professores participaram de sessdes

motivacionais e de treinamento para o trabalho no novo ambiente, ao passo que os
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estudantes e o0s seus respectivos pais, além de participarem das sessdes
motivacionais, tiveram a oportunidade de participar efetivamente do processo,
emitindo opinides e percep¢des sobre o novo mobiliario de sala de aula.

Os desfechos foram avaliados: a) comportamento sedentario (ActivPAL); b)
atividade fisica (ActiGraph GT3X+); c) cognicdo (quatro testes para funcgdes
especificas); e d) desempenho académico (rendimento nas disciplinas curriculares).
Todas as avaliagbes foram realizadas, de forma padronizada, antes e apos 16
semanas de intervengao.

A equipe de trabalho foi composta por dois profissionais de Educacéo Fisica
e um psicologo que participaram das sessdes motivacionais e de treinamento. As
avaliagdes foram distribuidas de acordo com o dominio profissional. A escolha da
escola e das turmas se deu por conveniéncia. Dois dos trés membros da equipe
eram professores da referida escola e um deles era diretor da turma intervencéo (em
Portugal € comum essa designacgao; os professores da escola sao distribuidos a fim
de descentralizar as decisées mais simples). Essa configuragéo foi adotada por se
tratar de uma experiéncia nova e para favorecer uma maior adesao por parte dos
alunos. Em termos cronoldgicos, apés o contato e aceite por parte da direcdo da
escola e aprovacdo dos procedimentos, pela Direcdo Geral de Educagao de
Portugal, foram agendadas reunides com os pais e professores para a explicagao
dos procedimentos metodoldgicos e convite para participagao.

Uma vez que as estagdes de trabalho ja estavam na sala de aula, o préoximo
passo consistiu nas sessdes motivacionais com os alunos. As avaliagdes foram
realizadas durante disciplinas com maior flexibilidade, previamente autorizadas pelas
diretoras das respectivas turmas. De acordo com as caracteristicas de cada
avaliagao, os estudantes foram retirados da sala em alguns momentos, em grupos
ou individualmente. Informagdes mais detalhadas sobre os procedimentos

metodoldgicos e analise das informagdes serdo apresentadas a seguir.

3.3 PROTOCOLO EXPERIMENTAL

3.3.1 Delineamento

O presente estudo foi um ensaio clinico controlado com amostragem por

cluster, conduzido no ambito escolar, com a participacdo de duas turmas de
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estudantes de uma escola publica que foram divididas por conveniéncia em grupo
experimental e grupo controle. A intervencdo teve uma caracteristica multinivel,
centrada na substituicdo do mobiliario tradicional de sala de aula por estacbes de
aprendizagem de altura ajustavel para permitir que os alunos permanecessem em
pé durante grande parte das aulas. A intervengao teve duragdo de 16 semanas com
avaliagcdes antes e apds o periodo de intervengao. Os procedimentos experimentais
foram aprovados pelo Comité de Etica da Direcdo Geral de Educacédo de Portugal
(DGE: 0531600001) e da Faculdade de Motricidade Humana (ULISBOA) (Parecer
09/2017).

3.3.2 Amostra

Os participantes foram recrutados em uma escola de grande porte localizada
na regido central de Lisboa/Portugal. Na escola, a turma foi considerada a menor
unidade amostral, uma vez que a intervencéo foi conduzida neste nivel. Duas turmas
de 6° ano foram selecionadas e divididas em grupo intervengdo (n = 22) e grupo
controle (n = 27). Todos os alunos dessas turmas foram convidados a participar do
estudo. Aqueles que possuiam entre 11 e 13 anos, que nao apresentavam restricoes
para a realizagdo de transigdes posturais e que retornaram o termo de
consentimento livre e esclarecido devidamente assinado pelos pais ou responsaveis,
compuseram a amostra. Vale destacar que tanto a selecdo da escola quanto a

divisao das turmas foi realizada por conveniéncia.

3.3.3 Intervencéo

A intervengao, apesar de ter sido centrada na substituicdo do mobiliario de
sala de aula, foi composta por outros elementos envolvendo mudangas no ambiente
fisico e social. O mobiliario de sala de aula, principal elemento da intervencgao, foi
substituido das mesas tradicionais da sala de aula por estagbes de aprendizagem de
altura ajustavel (LearnFit® Adjustable Standing Desk - Ergotron, USA). Além de
permitir o rapido ajuste de altura, as mesas possuem rodas, o que facilita a
movimentagédo e a formagao de grupos de trabalhos colaborativos em sala de aula.
Cada mesa utilizada possuia 50 cm x 50 cm e era acompanhada por uma cadeira

(30 cm x 30 cm). Vinte e duas mesas foram inseridas em uma das salas de aula com
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dimensbées de 8 m x 7,5 m. Ainda dentro das modificagbes ambientais, foram
instalados armarios do lado de fora da sala para que os alunos pudessem guardar
os materiais n&o utilizados, de modo a facilitar a movimentagdo em sala de aula.

Adicionalmente, acdes especificas com alunos, pais e professores foram
conduzidas em momentos especificos (Figura 1). Inicialmente, trés reunides foram
pré-agendadas com os pais. A primeira delas consistiu na apresentacao da
problematica (~20 min), discussdo sobre as estratégias a serem adotadas, bem
como o convite para a participacdo dos filhos. Apesar da resisténcia por parte de
alguns pais dos estudantes a serem alocados no grupo intervengdo, a equipe de
trabalho conseguiu convencé-los sobre a relevancia da investigacdo. O segundo
encontro com os pais foi realizado no meio do periodo de intervengcdo, com a
entrega dos resultados das avaliagbes iniciais e com as explicagbes sobre o
andamento da intervencdo, na tentativa de manté-los motivados e de serem obtidas
percepcdes/opinides/sugestdes sobre os procedimentos conduzidos até aquele
momento. O ultimo encontro com os pais serviu, basicamente, para avaliagdo do
processo como um todo e entrega dos resultados finais. Independente desses
encontros formais, os contatos pessoais da equipe responsavel pelo projeto foram
disponibilizados aos pais, para facilitar e estimular o contato continuo entre as
partes. As mesmas condutas foram adotadas para o grupo controle, que apenas
recebeu o convite para participagcdo nas avaliagoes e os resultados das avaliacdes
realizadas em cada etapa.

Seis encontros foram conduzidos com os nove professores da turma
intervencao. No primeiro, de forma similar ao encontro com os pais, foi apresentada
a problematica atual do comportamento sedentario e a proposta do estudo. Os
docentes foram convidados a participar e, ja naquele momento, opinarem sobre a
melhor forma para a conducgéao dos trabalhos. Nesse encontro ficou estabelecido que
os alunos deveriam, progressivamente, ir experimentando as novas mesas, na
tentativa de se manterem em pé ao menos metade das aulas, embora nenhuma
sangao devesse ser empregada no caso de ndo cumprimento desse critério. Uma
das duvidas e insegurancas dos professores envolvia a forma mais adequada de
atuar pedagogicamente com base no novo cenario.

Apds aceitarem participar do estudo, cinco encontros foram agendados com
0 corpo docente, os quais tiveram como objetivos principais a discussao dos

problemas encontrados e trocas de experiéncias, no sentido de aprimoramento do
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trabalho. Uma semana antes de cada encontro uma mensagem eletrbnica foi
encaminhada aos docentes solicitando informagdes sobre a forma que vinham
trabalhando com as mesas, bem como as dificuldades encontradas. A equipe
responsavel analisava o posicionamento dos professores e preparava os encontros
de formagao. De maneira geral, os quatro encontros intermediarios consistiram na
troca de experiéncias e estratégias de superacgao das barreiras. Os professores com
melhores estratégias eram convidados a compartilhar suas experiéncias com os
demais e a construcao de um portfélio de trabalho foi sendo estruturado.

Além das dificuldades pedagdgicas, muitos foram os relatos dos professores
sobre barreiras associadas ao ambiente fisico da sala de aula, cuja dimenséao
relativamente reduzida para a quantidade de alunos, dificultava a organizagdo de
grupos de trabalho e a movimentagédo dos alunos. Assim, por sugestdo dos proprios
professores, durante a sétima semana de intervencao, foi decidida a retirada das
cadeiras da sala. No inicio, essa decisdo gerou descontentamento por parte de
alguns pais e alunos, embora a experiéncia tenha sido avaliada como positiva nas
semanas subsequentes. Dessa forma, ficou estabelecido que durante duas semanas
as cadeiras seriam retiradas da sala de aula (semanas 11 e 14). No ultimo encontro
com os professores foi feita a avaliagao final do projeto com recolha de percepgdes e
opinides para a otimizag&do do trabalho numa préoxima fase ou em um novo projeto.
Uma vez que o estudo foi certificado junto a Direcdo Geral de Educagéo de Portugal
(equivalente ao Ministério da Educagao no Brasil), o treinamento com os professores
foi formalizado e desde o inicio eles ja sabiam que receberiam créditos para a
progressao na carreira por participarem das sessodes estabelecidas.

Um grupo foi criado no Facebook para otimizagdo da troca de experiéncias e
informacgdes entre a equipe de trabalho e os professores, porém essa estratégia nao
teve boa adesao por parte dos professores. Finalmente, foram estabelecidos dois
encontros formais com os alunos (inicio e fim da interveng&o). A ideia inicial era a
apresentacao do projeto e sensibilizagdo/motivagdo dos mesmos a participarem, por
meio de videos e outras midias interativas. No encontro inicial, foram coletadas as
expectativas dos alunos sobre o projeto, além de ser realizada uma sessao de
treinamento sobre a forma de trabalhar corretamente com as mesas (manipulagéo
no novo mobiliario e postura correta).

Entre o encontro inicial e final, a equipe de trabalho esteve em mais trés

momentos informais com os alunos (~50 min cada) em sala de aula. Essas sessodes
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intermediarias serviram para avaliar a percepgao dos alunos, bem como manté-los
motivados. No encontro final foram coletadas as opinides e percepgcdes gerais dos
alunos a respeito da intervencéo.

Vale ressaltar que a grade curricular da turma intervencdo possuia oito
disciplinas (Matematica, Portugués, Historia, Inglés, Artes Visuais, Musica, Educagéao
Tecnoldgica e Educagao Fisica), sendo que nem todas aconteciam na mesma sala.
Por exemplo, Artes Visuais, Educagao Tecnoldgica e Musica possuiam laboratorios
especificos. Todavia, os professores dessas disciplinas foram incentivados a
trabalharem na sala (intervencéao) sempre que possivel. Tanto na turma intervengao
quanto na turma controle, as aulas aconteciam de segunda a sexta-feira, das
8h20min até as 16h30min. Nesse meio tempo, sete aulas de 50 min eram
ministradas (quatro de manha e trés a tarde), com intervalo para almog¢o das
12h20min as 13h30min.

O fluxograma a seguir ilustra as atividades realizadas durante o estudo

(Figura 1).



Figura 1. Visao geral do estudo.
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3.3.4 Avaliagdes

Inicialmente, medidas de massa corporal (balanga Seca®; precisdo de 0,1
kg), estatura (estadidbmetro anexado a balanga; precisdo de 0,1 cm), circunferéncia
de cintura (fita métrica metalica Sanny®; precisdo de 0,1 cm) e altura tronco-cefalica
(banco de 50 cm) foram realizadas por meio de procedimentos padronizados
descritos na literatura (GORDON; CHUMLEA; ROCHE, 1988). A partir dessas
medidas foi calculado o indice de massa corporal (kg/m?) e estimada a maturacéo
somatica (MIRWALD et al., 2002).

O comportamento sedentario e a atividade fisica foram mensurados por
inclinometria e acelerometria, respectivamente. O tempo sentado, em pé e andando,
bem como as transicbes posturais e o numero de passos foram avaliados pelo
ActivPAL™ micro device (PAL Technologies Limited, Glasgow, UK) (AMINIAN;
HINCKSON, 2012; RIDGERS et al., 2012). O dispositivo foi afixado no ponto médio-
anterior da coxa por meio de uma fita adesiva, transparente e a prova de agua
(Tegaderm™ 3M; 10cm x 10cm). Os participantes usaram o inclinémetro por sete
dias consecutivos continuamente, inclusive para tomar banho e dormir, contudo,
foram orientados para retira-lo caso fossem entrar na piscina. Os dados foram
reduzidos no programa ActivPAL3™ v.7.2.32, com epochs de 15s. A atividade fisica
foi avaliada pelo acelerbmetro GT3X+ (Actigraph, Pensacola, FL, USA). Os
participantes foram instruidos a usarem o equipamento (afixado a uma cinta elastica)
do lado direiro da cintura, junto a crista iliaca, durante o periodo de vigilia. O
acelerébmetro foi usado também por sete dias consecutivos, no entanto devia ser
retirado para dormir e para todas as atividades aquaticas (inclusive banho). Os
dados foram coletados a uma frequéncia de 30Hz e reduzidos por meio do programa
Actilife v.6.10.4, com epochs de 15s. Os critérios de Choi et al. (2011) foram
utilizados para o tempo de uso, ao passo que os pontos de corte de Evenson et al.
(2008) foram adotados para a classificagao das intensidades de atividade fisica.

Para ambos os dispositivos (inclinbmetro e acelerémetro), foram
consideradas validas as avaliagdes que tinham registro de pelo menos quatro dias
(sendo um de final de semana). Para ser considerado o dia valido, os dispositivos
deveriam ter registros de pelo menos 600 min/d. Os participantes usaram os
sensores de movimento quantas vezes fossem necessarias para a obtencao de

avaliagdes validas. Além dos momentos pré e pds-intervengéo, o grupo intervengao
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utilizou os sensores de movimento durante duas semanas que estiveram sem as
cadeiras em sala de aula (semanas 11 e 14). Em todas as semanas em que usaram
os dispositivos, os participantes preencheram um diario indicando o horario que
acordavam, que iam para a cama dormir e se retiraram os equipamentos por algum
motivo (o diario foi previamente apresentado aos pais). Durante as semanas de
avaliacao do comportamento sedentario e atividade fisica, além de orientar para que
os participantes mantivessem suas rotinas normais, a equipe responsavel esteve
presente continuamente na escola a fim de verificar o uso dos dispositivos e
solucionar possiveis problemas.

A avaliagdo do desempenho académico foi analisada por meio das notas
obtidas pelos alunos nas avaliagdes formais da escola. Em Portugal, o ano letivo é
dividido em trés periodos de trés meses, com avaliagdes ao final de cada periodo.
Dessa forma, como o projeto foi iniciado no primeiro més do segundo periodo, as
notas finais do primeiro periodo foram consideradas linha de base e a nota final do
terceiro periodo como a avaliagado final. As notas variavam entre 1 (pior) e 5 (melhor)
e o escore “desempenho académico” foi composto pela soma das notas de todas as
disciplinas, com excecao da disciplina Educacéo Fisica.

Quatro testes cognitivos foram aplicados para a andlise de diferentes
funcbes executivas antes e apods a intervencdo. O teste de blocos de Corsi foi
aplicado para a avaliagdo da memoria operacional e visuoespacial. Esse teste é
computadorizado e consiste na memorizagado de blocos que piscam aleatorizamente
na tela do computador. O avaliado deve observar e clicar sobre os blocos na mesma
ordem em que eles piscaram. S&o apresentados nove blocos e a dificuldade do teste
€ progressiva, ou seja, na fase inicial apenas dois blocos piscam, contudo, apds a
marcacao de duas respostas corretas, um bloco adicional pisca. Dessa forma, o
teste é realizado até o avaliado errar trés vezes. Como indicadores de desempenho,
foram considerados o alcance do avaliado (em numero de piscadas) e a pontuagéao
total atingida (baseada no alcance e no padréo de respostas). O teste de blocos de
Corsi possui boa validade para criangas e adolescents (FARRELL PAGULAYAN et
al., 2006). O segundo teste aplicado, também computadorizado, foi o teste de cores
de Stroop. Esse teste foi utilizado para a avaligdo do controle inibitério. Experimentos
laboratoriais mostraram que a execugao do teste de Stroop esta relacionada a
ativacdo de regides do cortex pré-frontal responsaveis por essa fungdo executiva

(LEUNG et al., 2000). O teste é composto por trés fases com 12 tarefas a serem



34

cumpridas em cada fase, as quais, basicamente, exigem a indicagao dicotdmica com
os cursores direito ou esquerdo do computador. Na primeira fase (congruente) é
apresentado um reténgulo pintado em uma determinada cor. A tarefa consiste, entre
duas opgdes, indicar qual estd pintada. A segunda fase (neutra), é apresentado o
nome de uma cor, escrita sempre em branco; o avaliado deve indicar a cor que esta
escrita. Na terceira e ultima opgéo (incongruente), € apresentado o nome de uma
cor, entretanto a palavra esta escrita em outra cor. O avaliado deve indicar a cor
pintada e ndo a escrita. Além de marcarem as 36 tarefas corretamente, os avaliados
foram orientados a realizar o teste o mais rapido possivel. Todos realizavam uma
tentativa prévia de familiarizacdo. Enquanto indicadores de desempenho foram
considerados a duragao do teste (tempo de reagcdo) e o numero de respostas
corretas (acuracia). O terceito e o quarto testes foram manuais (“papel e caneta”). O
teste d2 foi realizado para a avaliacdo da atencao seletiva e poder de concentragao.
Esse teste possui alta reprodutibilidade e validade (BATES; LEMAY JR., 2004) e
consiste em uma folha com 14 linhas, cada uma com 47 letras p e d. Essas letras
possuem um ou dois tracos que podem estar na parte superior ou inferior da letra.
Os avaliados devem marcar todas as letras d com dois tragos (por exemplo, d", 'd',
or "d), de modo que os p (todos) e os d com um trago servem como distracdo. O
teste foi realizado em grupos de oito a 10 sujeitos e havia pressao de tempo. A cada
20 s o avaliador falava “troca” e os avaliados tinham que descer para a préxima
linha, independente de terem ou n&o terminado a linha em que estavam. Dessa
forma, a duragao total do teste era de 4min40s. O total de respostas corretas
(acuracia) foi registrado como indicador de desempenho no teste. Por fim, o teste de
Matrizes Progressivas de Raven foi adotado como indicador de inteligéncia nao-
verbal. O teste consiste em uma apostila com 60 tarefas (dividos em trés fases
progressivas) de multiplas escolhas. Em cada tarefa o avaliado deve indicar, entre
seis opgdes, qual é a opgdo que completa a sequéncia indicada (sem pressao de
tempo). Esse teste teve suas propriedades psicométricas testadas e representa um
dos melhores indicadores para avaliacdo deste contructo (CARPENTER; JUST;
SHELL, 1990; PRABHAKARAN et al., 1997). Como indicador de desempenho, foi
considerado o numero de resposta corretas padronizadas frente a valores de
referéncia (percentis).

Além dos desfechos quantitativos, a percepcdo dos alunos, pais e

professores foram avaliadas antes, durante e apods a intervengao. As informacdes
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foram obtidas por meio de questionarios com questdes abertas e fechadas,
contruidas para este fim. No momento inicial, foram obtidas informacgdes
relacionadas as expectativas sobre a nova estruturacdo da sala de aula, bem como
a percepcao dos pais sobre a condicdo dos seus filhos dentro e fora da escola
(interagdo social, desempenho escolar e comportamentos adotados). Ja no
momento final foram solicitadas informacdes a respeito das experiéncias particulares
com as mesas (estratégias adotadas, determinantes para o sucesso de intervengdes
similares e intengdo em continuar usando as mesas). Os questionarios especificos

encontram-se em “Apéndices”.

3.3.5 Analise estatistica

Medidas de tendéncia central (media e mediana), dispersédo (desvio-padréao
e intervalo interquartil), frequéncias absolutas e relativas foram utlizadas para a
analise descritiva das informacdes. O teste de Shapiro-Wilk foi utilizado para verificar
a distribuicdo dos dados (variaveis discretas e continuas). A partir dessa distribui¢ao,
as comparagbes de linha de base entre os grupos foram feitas pelo teste t de
Student para amostras independentes ou Mann-Whitney. O teste do Qui-quadrado
foi utilizado no caso das variaveis categodricas. A comparagao dentro do grupo
intervencao ao longo do tempo foi feita pelo teste t para amostras dependentes ou
pelo teste de Wilcoxon. Modelos de Equacgdes de Estimativa Generalizada foram
utilizados para a comparagao entre os grupos ao longo do tempo. Esses modelos
foram ajustados de acordo com a distribuigdo da variavel dependente (Linear,
Binaria, Gamma ou Poisson). O tamanho do efeito de Hegde foi calculado para
auxiliar a interpretacdo das informacdes. Analise de conteudo e analise tematica
foram utilizadas para a organizagdo das variaveis qualitativas (reportadas nos
questionarios). As analises estatisticas foram conduzidas no programa SPSS 21.0 e

foi estabelecido um nivel de significancia de 5%.
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4 RESULTADOS

4.1 ARTIGO ORIGINAL 1: EFFECTIVENESS OF 16 WEEKS OF A CLASSROOM STANDING DESKS
INTERVENTION ON SEDENTARY BEHAVIOR AND PHYSICAL ACTIVITY IN YOUTH

Abstract

Classroom standing desks seems be an effective strategy to reduce sitting time
among students. However, few and polarized evidence are available. We verified the
impact of 16 weeks of standing desks intervention on sedentary behavior and
physical activity in 6™ grade students. This was a controlled trial conducted with two
classes (intervention: n = 22; control: = 27) from a public school of Lisbon.
Intervention take place over 16 weeks and was composed by the replacement of
traditional classroom desks for standing desks, teacher's training and
education/motivation sessions with students and parents. While main outcomes,
sedentary behavior (ActivPAL inclinometer) and physical activity (Actigraph GT3X+
accelerometer) were measured during seven days before and after the intervention.
No difference between groups was observed in baseline (p > 0.05). After 16 weeks,
intervention group decrease sitting time (total week: -6.8% and at school: -13.0%)
and increase standing time (total week: 16.5% and at school: 31.0%) with interaction
group vs time (p < 0.05). No significant differences in activity outcomes were
observed outside school (week and weekend) between groups. We conclude that 16
weeks of a multi-level classroom standing desks reduce sitting time and increase
standing time at school with no compensatory effect outside school.

Keywords: Sitting, Standing Desk, School-based Intervention.

Resumo

Estacbes de aprendizagem de altura ajustavel tem sido uma potencial estratégia
para reduzir o tempo sentado em sala de aula. Nosso objetivo foi verificar os efeitos
de 16 semanas de uma intervengdo multinivel centrada na substituicdo do mobiliario
de sala de aula sobre o comportamento sedentario e atividade fisica em estudantes
do 6° ano. Este foi um ensaio clinico controlado conduzido com duas turmas
(intervencgdo: n= 22; controle: n= 27) de uma escola publica de Lisboa. A intervengao
teve a duracao de 16 semanas e foi composta por modificagdes no ambiente fisico
(mobiliario) e social (alunos, pais e professres) de sala de aula. Comportamento
sedentario (ActivPAL) e atividade fisica (GT3X+) foram mensurados antes e apos a
intervencao. Nao foram observadas diferencas entres os grupos da linha de base (p
> 0,05). O grupo intervengao reduziu o tempo sentado (total da semana: -6,8%; na
escola: -13,0%) e aumentou o tempo em pé (total da semana: +16,5%; na escola:
31,0%), com interagéo grupo vs. tempo (p < 0,05). Nao foram observadas diferengas
entre os grupos com relagéo a atividade fisica. Concluimos que 16 semanas de uma
intervengao multinivel centrada na substituigdo do mobiliario de sala de aula reduz o
tempo sentado e aumenta o tempo em pé de estudantes do 6° ano, sem efeito
compensatério em outros contextos.

Palavras-chave: Tempo Sentado, Intervencbes de Base Escolar.
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Introduction

Sedentary behavior constitutes a recent public health problem. It is estimated
that sitting time is responsible for 433,000 deaths/year worldwide (almost 4% of the
total) (REZENDE et al., 2016). Although strongest evidence of their harmful effects is
observed in adulthood, sedentary children and adolescents tend to have poor
physical and mental health status (CARSON et al., 2016b). Additionally, some
sedentary habits seems have a high tracking from childhood to adulthood (BIDDLE et
al., 2010).

Objective measures indicate that children spend almost 70% of their waking
hours in sedentary behaviors (DOWD et al., 2012). Among their domains (i.e. leisure,
transport and school), more than half of this behavior is spend at school time. In
addition to the metabolic negative effects, uninterrupted sitting time at school is
related to pain in different areas of the body (e.g. neck, low back, hips, knees)
(OYEWOLE; HAIGHT; FREIVALDS, 2010). Thus, although important advances has
been observed on strategies targeting reducing leisure screen time (WU et al., 2016)
and active travel promotion (SCHOEPPE et al., 2013) among youth, school setting
emerges as a promising field for daily sedentary behavior reduction.

In the last few years, single and multi-component interventions have been
proposed for reducing sitting time at school. Changes in general school
environmental, curriculum or orientation/education sessions aimed in the same time
changes in other health behavior as physical activity and dietary habits (HEGARTY et
al., 2016). However, considering that more than 90% of classroom time is spend
sitting (CARDON et al., 2004), a promising strategy is the replacement of the
traditional desks for active-permissive desks to allow less sitting classes. Although
few trials were conducted until now, findings suggest that standing desks of different
types (e.g. height adjusted/stand-biased, individual/ in group use) can be effective to
reduce classroom sitting time with none adverse effect on cognitive function or
academic achievement in elementary children (HINCKSON et al., 2016; MINGES et
al., 2016). The majority of the previous studies are pilot and/or with few
methodological control in terms of design, collection and data analysis (SHERRY;
PEARSON; CLEMES, 2016). Others studies focused specifically in postural and
feasibility issues (BLAKE; BENDEN; WENDEL, 2012; BENDEN et al., 2013). Yet,

available data comes from developed countries and no investigation was conducted
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in different cultural, economic and educational systems contexts.

Additionally, in order to understanding the full effects of health behaviors
interventions, the importance of an integrative approach of the 24h movement
behaviors have been highlighted (CHAPUT et al., 2014). Since "activitystat"
hypothesis (RIDGERS et al. 2014) suggests that changes in a specific domain (e.g.
school) can be compensated in other domains (e.g. leisure, transport), the
effectiveness and applicability of the strategies can be advocates by a whole-day
approaches only. For example, is not clear the potential effects of reduced sitting
time through classroom standing desks on leisure physical activity outside school. To
address these points, we verified the impact of 16 weeks of standing desks
intervention on 24h objective monitoring sedentary behavior and physical activity in

both week and weekend days.

Methods

Design and sample

The ERGUER/Portugal project is a cluster controlled trial conducting in
school setting. For convenience, were selected two classes of sixth grade from a
great size, public and centre located school of Lisbon. Students from these two
classes were invited to participate and those who aged between 11 and 13 years-old,
were able to postural changes and return the informed consent signed by
parents/guardians were included (Figure 2 displays the participants flow diagram).
Classes were divided in intervention (IG) and control group (CG). Intervention
consisted of a multi-level sit-stand desks intervention during classroom time for 16
weeks with two assessments points (pre and post). The study was approved by the

local ethics committee.
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Figure 2. Sampling flow diagram.

Intervention procedures

Intervention was composed by physical and social environmental changes;
and school teachers training. Physical environment was modified through the
exchange of traditional sits desks for the LearnFit® Adjustable Standing Desk
(Ergotron, USA). Besides allowing postural changes, these desks can be moved and
thus expanding possibilities of activities. The social environmental component was
mainly target on family support through meetings along the intervention. Finally, the
education component was developed through six training sessions with school

teachers.
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Measures

Descriptive information. Body mass index (BMI) were calculated through weight
(nearest 0.1 kg) and height (nearest 0.1 cm) measures. Waist circumference was
collected by a Sanny® metal tape (nearest 0.1 cm). Somatic maturation was

estimated by the peak of height velocity from trunk-encephalic height (50 cm bench).

Sedentary behavior and physical activity. ActivPAL™ micro device (PAL
Technologies Limited, Glasgow, UK) was used to assess time spent lying/sitting,
standing, stepping, sit-to-stand transitions, total number of steps and the number of
steps taken an intensity of < 110 steps per minute. The device was attached on
anterior mid-line of the participant’s right thigh through 3M™ Tegaderm™
Transparent Film Roll (4 in x 11yd). Participants were asked to wear the inclinometer
continuously for seven days, including shower and sleep time, except in swimming
activities. These data were reduced by ActivPAL™ software v.7.2.32. In addition, the
Actigraph GT3X+ accelerometer was used to obtain physical activity level.
Participants were instructed to wear the device on the right rip (near the iliac crest)
during waking hours also for seven days. The device was attached via an elastic belt
and was removed only in water-based activities. Evaluations that had four or more
days (including one of weekend) of a minimum of 600 minutes of wear were
considered valid. The Choi et al.*® criteria of wear time and Evenson et al.’” cuttoffs
to PA intensities were applicable with 15s epochs (collected at 30Hz) by Actilife
v.6.10.4. For both devices, participants registered if it was removed, the time and

reason. In the same daily record, sleep time information were collected.
Statistical analysis

Descriptive data are expressed in frequencies, means and standard
deviations or confidence interval of 95%. Shapiro-Wilk test was used to check the
distribution of the data. Baseline comparisons were made by Student t-test for
independent sample, Mann-Whitney and Chi-squared tests according variables type.
Generalized estimating equation models (Gamma distribuition) were used for
comparisons within and between groups for activity outcomes before and after the

intervention. Hedge’s g was calculated as effect size measure. For analyze purpose,
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outcomes were divided in four category of occurrence considering the sleep time
reported: week (15h), school time (9h), outside school (6h) and weekend (14h).
Statistical significance was set at 5% level and data were processed by SPSS

software version 21.0.

Results

Initial characteristics of the both groups are shown in Table 2. No difference
was observed between groups in baseline. Table 3 displays the mean changes within
groups after 16 weeks of intervention for behavior variables by week, weekend,
school time and outside school time. Interactions time vs group were found in sitting
and standing time during week, which was represented by school time. In total week
and during school time, intervention group decrease sitting time (-6.8% and -13.0%)
and increase standing time (16.5% and 31.0%), respectively. In addition, while
control group significantly decreased moderate to vigorous physical activity (MVPA)
in school time (-30.4%), no changes were observed in intervention group. Finally,
both groups reduced standing time outside school after the follow-up (time effect).

Modifications in relative day time distribution on week and weekend are
showed in Figure 3. Opposite changes were observed between groups with regard to
sitting and standing time during the week, with no changes in stepping, sleeping and
in any weekend behavior. The same was noted in school and outside school time
analysis (Figure 4). While groups did not alter stepping and behavior outside school,
the proportion of time spent sitting and standing during school time change in

opposite side between groups.
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Intervention group Control group p-value
(n =22) (n =27)

Chronological age, years 11.8+04 11.6+£0.5 0.144
Female 10 (45.5%) 16 (59.3%) 0.336
Caucasian 21 (95.5%) 26 (96.3%) 0.856
Peak height velocity, years -1.05+1.15 -0.93+£1.05 0.704
Body mass index, kg/m? 19.7+£ 3.0 189134 0.154
Waiist circumference, cm 68.8 +8.3 70.2+11.5 0.976
Week
Sleep time, h 8.8+0.8 89+0.7 0.799
Sitting, min/15h 509.8 + 85.3 498.6 £+ 71.4 0.630
Standing, min/15h 230.9 £62.8 2311 +£62.0 0.952
Stepping, min/15h 171.4 £ 40.8 179.0£51.5 0.673
Step counts, n/15h 13,753 £ 3,610 14,272 £ 4,318 0.748
STS transitions, n/15h 80.9 £ 27.5 82.2+18.8 0.673
> 110 spm, n/15h 4,464 £ 1,949 4,615 £ 1,608 0.688
LPA, min/15h 246.7 £ 58.4 247.0+51.5 0.825
MVPA, min/15h 51.2+20.0 61.8£27.5 0.191
School time
Sitting, min/9h 289.8 £ 40.1 285.7 £43.8 0.630
Standing, min/9h 134.7 £ 36.5 128.5 £ 27.6 0.688
Stepping, min/9h 115.5+27.5 125.9£40.3 0.433
Step counts, n/9h 9,554 + 2,643 10,266 + 3,409 0.587
STS transitions, n/9h 441 +£19.7 439+ 12.5 0.763
> 110 spm, n/9h 3,360 + 1,585 3,507 + 1,292 0.587
LPA, min/9h 157.6 £ 354 162.9 £ 36.1 0.315
MVPA, min/9h 36.5+14.8 46.7 £ 23.1 0.127
Outside school
Sitting, min/6h 220.0 + 68.8 212.9+49.0 0.802
Standing, min/6h 96.1 £ 39.4 102.6 £43.4 0.546
Stepping, min/6h 55.9+20.4 53.2+22.2 0.560
Step counts, n/6h 4,199 + 1,666 4,006 £ 1,822 0.673
STS transitions, n/6h 36.8+12.2 38.3+9.7 0.587
> 110 spm, n/6h 1,104 £ 685 1,108 £ 687 0.888
LPA, min/6h 89.1 £ 28.3 84.1+25.0 0.601
MVPA, min/6h 147+7.6 15.1£10.0 0.794
Weekend
Sleep time, h 10.1£1.2 10.6 £ 0.9 0.692
Sitting, min/14h day 537.2 +112.2 508.8 + 99.0 0.455
Standing, min/14h day 186.2 + 54.8 189.8 + 78.5 0.507
Stepping, min/14h day 108.4 £45.0 106.1 £47.3 0.651
Step counts, n/14h day 8,137 + 3,684 7,888 £ 4,107 0.533
STS transitions, n/14h day 73.7+£24.0 746 £234 0.952
> 110 spm, n/14h day 2,225 + 1,604 2,012 £ 1,692 0.533
LPA, min/14h 180.1 £ 51.1 193.2 £ 57.7 0.658
MVPA, min/14h day 25.7 £19.9 26.1+14.8 0.488

Note. STS = sit-to-stand; spm = steps per minute.
MVPA = moderate to vigorous physical activity.

LPA = light physical activity.
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Table 3. Mean changes (95% confidence interval) in behavior variables in week
(total, school time and outside school) and weekend after 16 weeks of follow-up.

Intervention group Control group Hedges'
(n =22) (n =27) g

Week
Sitting, min/15h* -34.9 (-82.2 t0 12.4) 31.6 (9.6 to0 53.5) -0.14
Standing, min/15h* 38.1 (7.8 10 68.4) -19.0 (-34.9 t0 -3.0) 0.18
Stepping, min/15h -6.0 (-27.3 to 15.3) -5.6 (-18.510 7.3) -0.00
Step counts, n/15h -553 (-2,315 to 1210) -270 (-1,324 to 784) -0.02
STS transitions, n/15h 0.1 (-9.5t0 9.6) 2.5(-3.3t08.3) -0.02
> 110 spm, n/15h -417 (1,164 to 331) 119 (-605 to 844) -0.07
LPA, min/15ht -20.1 (-42.3 10 2.2) -7.7 (-19.6 t0 4.2) -0.05
MVPA, min/15h 0.8 (-8.5t0 10.1) -9.0 (-15.7 to -2.3) 0.11
School time
Sitting, min/9h* -37.6 (-69.7 to -5.5) 11.9 (-3.7 to 27.5) -0.15
Standing, min/9h* 41.7 (18.9 to 64.5) -4.8 (-14.2 10 4.6) 0.20
Stepping, min/9h -3.7 (-17.0t0 9.7) -7.6 (-17.31t02.1) 0.03
Step counts, n/9h -431 (-1,557 to 696) -451 (-1,271 to 369) 0.00
STS transitions, n/9h -3.7 (-11.2 t0 3.7) 28(-1.6to7.1) -0.08
> 110 spm, n/9h -355 (-868 to 159) -147 (-521 to 227) -0.04
LPA, min/9ht -11.2(-23.5t0 1.1) -5.6 (-14.31t0 3.1) -0.05
MVPA, min/9h* 0.3 (-6.4 t0 6.5) -8.6 (-14.6 to -2.5) 0.13
Outside school
Sitting, min/6h 2.7 (-25.2 t0 30.7) 19.7 (3.1 to 36.3) -0.06
Standing, min/6ht -3.6 (-17.9 to 10.8) -14.2 (-25.4 t0 -3.0) 0.07
Stepping, min/6h -2.3 (-15.6 to 11.0) 2.0(-54t094) -0.03
Step counts, n/6h -122 (-1,198 to 954) 181 (-413 to 775) -0.03
STS transitions, n/6h 3.8 (-0.8 t0 8.4) -0.2 (-3.3t0 2.8) 0.08
> 110 spm, n/6h -62 (-394 to 270) 267 (-281 to 814) -0.09
LPA, min/6h -8.9 (-23.7t0 5.9) -2.1(-10.51t0 6.3) -0.04
MVPA, min/6h 0.7 (-4.1t0 5.6) -0.4 (-2.9t0 2.0) 0.02
Weekend
Sitting, min/14h day 1.4 (-61.7 to 64.4) 6.8 (-28.3 t0 41.8) -0.01
Standing, min/14h day -9.1 (-35.4 t0 17.3) -3.8 (-20.8 t0 13.2) -0.02
Stepping, min/14h day 8.3 (-22.3 t0 38.9) 16.9 (-9.1 t0 43.0) -0.03
Step counts, n/14h day 975 (-1,709 to 3,659) 1,341 (-856 to 3,539) -0.01
STS transitions, n/14h day -20(-1141t07.4) 2.6 (-3.9t09.1) -0.05
> 110 spm, n/14h day 348 (-809 to 1,505) 223 (-653 to 1,100) 0.01
LPA, min/14h 2.0 (-12.2t0 16.2) 13.6 (-7.7 to 35.0) -0.09
MVPA, min/14h day 2.1(-10.0t0 14.2) 4.0 (-2.31010.4) -0.12

Note. STS = sit-to-stand; spm = steps per minute. LPA = light physical activity.
MVPA = moderate to vigorous physical activity. *p < 0.05 for time vs group
interaction. tp < 0.05 for time.
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Figure 3. Distribution of the week and weekend whole-day (24h) before and after 16 wk follow-up in both group.

T74%




Intervention
Baseline 16 wk follow-up gﬂi"j_
mStanding
mStepping
School
time
Outside
school
59.9%

Control

Baseline

52.9%

58.0%

Figure 4. School and outside school time use before and after 16 wk follow-up according group.
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Discussion

Considering the high prevalence and harmful effects of sedentary behavior in
youth, effective interventions to reduce sitting time in different contexts are
warranted. School time represent a third of a children day and more than half of this
time is spent sedentarily. Through a 16 week multi-level classroom standing desk
intervention, we found significant reductions in sitting time with increase of standing
time during school hours. In addition, while control group reduced MVPA at school
and standing time outside school, no changes were observed in other domains (i.e.
outside school and at the weekend) among intervention group. These findings
highlight school environmental changes combined with teachers training and parents
involvement (social norms) as a effective strategy to reduce youth sedentary
behavior within school with no compensation effect outside school.

Because is a novel research field, the heterogeneity of the classroom
standing desks interventions provide mixed results. Most of the previous studies
conducted a single-level intervention (environmental) with different types of standing
desks (e.g. height adjusted/stand-biased, individual/ in group use), accessories (e.g.
stools, exercise balls or bean bags) and classroom structure (e. g. size and place for
keeping school supplies) (MINGES et al., 2016). Overall, reductions in sitting time
and increases in standing time around 40 to 60 min/d were described (HINCKSON et
al., 2016), which corroborate current findings. Previous studies have reported results
by specific classes (min/h), school (min/8h) or waking hours (min/15h), which makes
comparison difficult. We observed that changes in sitting and standing time were
achieved at school time. The absence of differences in activity outcomes indicates
that sitting was replaced by standing with few movements. In this sense,
Lanningham-Foster et al. (2008) found that active-permissive classroom was more
effective to increase steps compared to standing classroom only. In agreement with
our findings, Clemes et al. (2015) (two trials: UK and Australia) observed that, even
with similar sitting time reduction, when few standing desks were provided for rotating
use, more stepping time/counts was achieved compared to individual standing desks.
Thus, we still suppose that the size of the classroom can influence the desk mobility
and requires students standing quietly. The current intervention classroom had 8 m x
7.5 m of dimension and may have limited 22 students + standing desks (50 cm x 50

cm) + stools (30 cm x 40 cm) to move.
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Few studies verified the effects of a chronic higher standing time during
classes by on 24 h integrative approach (CHAPUT et al., 2014), as the potential
effects on behaviors outside school or during weekends. Two previous studies (which
constitutes three trials) analyzed the whole weekdays effects of different classroom
standing desks and all found that the reduced sitting reached at school time were
followed by a trend to decrease also outside school sitting time (AMINIAN;
HINCKSON; STEWART, 2015; CLEMES et al., 2015). Here, we observed that the
intervention affected sitting and standing time of the 24 h of a weekday distribution
(Figure 3), which was clearly achieved at school time (Figure 4). Thus, besides no
adverse effects, intervention group maintained MVPA at school and standing time
outside school compared to control group. Also, this is the first study to show that
classroom standing desks did not affect weekend behavior. The effects of behavior
changes on other domains of life is a important and unclear field. Compensatory and
synergic effects of physical activity and sedentary behavior were found in larger
epidemiological studies (GOODMAN; MACKETT; PASKINS, 2011; RIDGERS et al.,
2014), however further investigations are warranted.

In terms of standing desk patterns use, studies have adopted a free choice to
teachers and students. In our training sessions, teachers were encouraged to
conducted the majority of their classes through standing activities, however there was
no specific target. Thus, probably teachers and students used this tool in different
pattern. Unfortunately, here we have no statistical power to perform sub-group
analyses, but specific school subjects and students can be more likely to successfully
use standing desk while other groups can demand more intensive and specific action
to change classroom behavior. For example, younger children who are more active
during intervals could prefer be sitting during classes for rest, whereas older and/or
matured adolescents could have greater acceptance of standing desks once tend to
be less active during recess. The same can be hypothesized for adolescents with
different fitness level and body fat.

Nevertheless, the current findings show important evidence regarding to
school health promotion. It seems clear that school environment can influence
student's behavior (LANNINGHAM-FOSTER et al., 2008). Although children are
more active at school compared to outside school hours (week or weekend), more
than half of the sitting time of the day is spend in this domain. Because is a novel

field, classroom standing desk effects on academic and cognitive outcomes need to
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be clarified. However, combined with multi-level actions (e.g. students orientation,
teachers training), this strategy showed effectiveness to reduce sitting during classes.
Moreover, other specific interventions to reduce transport and leisure sedentary
behavior should be combined once this strategy did not affect these domains.

This is the first classroom standing desk intervention conducted out of
developed countries. While a complex intervention, our efforts were in order to
respect local context such as cultural norms, education system and teaching styles.
Probably, there is no completely standardized way to conduct this kind of intervention
and studies in other different contexts are warranted. Because this was a non-
randomized trial conducted with only two classes from the same school (intervention
and control), findings should be viewed with caution. However, this is the first
classroom standing desk intervention to systematize multi-level actions. Also,
behaviors were 24h objective monitored through gold standard measures of
sedentary behavior and physical activity.

Finally, sedentary behavior has been a recent challenge in terms of public
health. Among youth, leisure screen time has been more studied, but other types
have emerged (HUANG; WONG, 2016). Obviously, different action should be take in
order to reduce leisure, transport and school sedentary time. Here, we identified an
applicable strategy for reducing school sitting time with no adverse effects on other
domains of activity, that is to say that a multi-level classroom standing desks can
reduce daily sitting time in youth. Further investigations should aim to understand
links in the causal chain in short and long-term through larger cluster randomized

controlled trial.
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4.2 ARTIGO ORIGINAL 2: SITTING VERSUS STANDING CLASSES: DIFFERENCES IN TERMS OF
WEEK AND WEEKEND SEDENTARY BEHAVIOR AND PHYSICAL ACTIVITY

Abstract

Reducing children's sitting time has been a challenge in terms of public health.
Although classroom standing desks has been showing promising results, their
application and effectiveness in different contexts are still unclear. Here, we
compared the whole-week (24h of the 7 days) effects of seat and stand classes on
activity outcomes. This was a trial within a broader intervention study to reduce sitting
time through classroom standing desks in a 6th grade class (Lisbon, Portugal).
Seventeen students completed sedentary behavior (ActivPAL inclinometer) and
physical activity (Actigraph GT3X+ accelerometer) assessments in baseline (seated
class) and during weeks which stools were removed from the classroom (stand
classes). Both conditions were compared in terms of activity behaviors on week (at
school hours and outside school) and weekend. As expected, standing classes
reduced sitting time (-106.9 min/9h) and increased standing time at school hours
(+104.4 min/9h); but also in the whole weekday (-107.4 min/15h of sitting and +100.5
min/15h of standing; p < 0.05). A small but significant reduction of standing time was
observed on weekend followed by a more standing week (-15.4 min/14h). No
difference in physical activity outcomes was found. These findings highlight the
potential of classroom standing desk for reducing sitting time in weekdays among 6™
grade students.

Keywords: Sitting, Standing Desk, School-based Intervention.

Resumo

A reducao do tempo sentado em jovens tem sido um desafio em termos de saude
publica. Apesar das standing desks representarem uma promissora estratégia para o
ambiente escolar, sua aplicacao e efetividade em diferentes contextos ndo séao
claras. Nesse estudo n6s comparamos os efeitos sub-agudos das aulas em pé com
o0 modelo tradicional de aula sobre os comportamentos adotados nas 24 h do dia.
Este foi um experimento dentro de um ensaio clinico que buscou reduzir o tempo
sentado em sala de aula através de estagdes de aprendizagem de altura ajustavel
em alunos do 6° ano. Dezessete estudantes foram submetidos a avaliacdo do
comportamento sedentario (ActivPAL) e atividade fisica (GT3X+) em duas
condigdes: 1) organizacgdo tradicional de sala de aula e 2) novo mobiliario sem as
cadeiras em sala. Como esperado, foi observado uma reducédo do tempo sentado (-
106,9 min/9h) com concomitante aumento do tempo em pé (+104,5 min/9h) durante
as aulas, mas também no dia completo da semana na condi¢cédo 2 (-107,4 min/15h
sentado e +100,5 min/15h em pé; p < 0.05). Uma pequena, mas significante (p<0,05)
reducao do tempo em pé foi observada nessa condigao durante o fim de semana (-
15,4 min/14h), sem diferencas em termos de atividade fisica. Esses resultados
destacam o potencial das mudangas ambientais de sala de aula para a redugao do
comportamento sedentario durante a semana em jovens.

Palavras-chave: Tempo Sentado, Intervencdes de Base Escolar.
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Introduction

Children have been exposed to highly sedentary environments. In addition to
the high prevalence of physical inactivity (achievement of 60 minutes per day of
moderate to vigorous physical activity) worldwide (HALLAL et al., 2012), children and
adolescents spend most of their days in sedentary behaviors (waking behavior
characterized by an energy expenditure < 1.5 METs while in a sitting or reclining
posture) (SAUNDERS, 2014; SEDENTARY BEHAVIOUR RESEARCH NETWORK,
2012). These changes in youth lifestyles constitutes a heavy public health burden
once is related to physical and mental health in short, medium and long term
(BIDDLE et al., 2010; CARSON et al., 2016a; CARSON et al., 2016b).

Considering a school-aged children routine in most countries, opportunities to
be active are available in their leisure time, transport and at school hours. The
distribution of this time tend to vary, but, mainly in developed countries, children
spend more than 50% of their waking time at school, thus school environment
constitutes a potential field for active behaviors promotion (ABBOTT; STRAKER,;
MATHIASSEN, 2013; PETERSON; FOX, 2007). Among the initiatives, most of
physical activity interventions at school setting propose general environmental
changes, education/motivation sessions or increases in physical education classes
(HYNYNEN et al.,, 2016). Specific interventions to reduce sedentary behavior,
although still scarce, have provide changes also in physical/social environment, but
have focusing more in classroom time, which is in part natural, once more than 90%
of the classroom time is spent sitting (CARDON et al., 2004; HEGARTY et al., 2016).

A recent systematic review of school-based sedentary behavior interventions
found that the replacement of traditional classroom desk for standing desks is an
important strategy to reduce sitting time among students (HEGARTY et al., 2016). To
date, pilot studies showed that classroom standing desks have the potential to
reduce around 40 to 60 minutes of sitting time per day, mainly through increasing
standing time (HINCKSON et al., 2016; MINGES et al., 2016; SHERRY; PEARSON;
CLEMES, 2016). Their impacts on physical activity outcomes (steps, LPA or MVPA)
are controversial. Other potential benefits of postural transitions during classes are
related to the cognitive function and motor control (BRITTEN et al., 2016; MEHTA;
SHORTZ; BENDEN, 2015). However, more evidence about their effectiveness as

well as details regarding the delivery (e.g. implementation, conduction) of this type of
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intervention is needed. For instance, different types of standing desks (e.g. height
adjusted/stand-biased, individual/ in group use), classrooms (e.g. structures, sizes),
intervention procedures (e.g. orientations to desks use, levels of actions) and
application contexts have been investigated, whereas there is no clear information
about "best practices".

Also, the potential positive and negative effects of lower sitting time during
school hours on other activity domains of a day (both week and weekend) is
unknown. This is especially important once the "activitystat" hypothesis advocates
that changes in a domain tend to be compensate in other, which compromises the
real effects of the intervention (RIDGERS et al., 2014). In contrast, there is also
evidence that advocates in favor of synergic effects, which suggests that promoting
active behaviors in a specific domain can increase activity in other domains
(GOODMAN; MACKETT; PASKINS, 2011). Therefore, this study aimed to investigate
the differences between seat and stand classes on activity outcomes during school
time and the impact of less sitting classes on behavior outside school, both on week

and weekend.
Methods
Design and sample

This is a sub-study within in ERGUER/Portugal project, which is a cluster
controlled trial conducting in school setting in Lisbon. A multi-level intervention with
standing desks was delivered for a class of 6" grade (22 adolescents) during 16
weeks. These students aged between 11 and 13 years old and had no limitations
that prevent postural changes. Among intervention procedures, the stools were
removed from the classroom in three weeks (week 7, 11 and 14) in order to promote
experiences with standing classes. For monitoring purposes, behavior of students
was assessed in the two last standing weeks. Of the 22 students, five had no valid
information of activity outcomes. Thus, 17 students composed the sample. Further
methodological information is available elsewhere. The main study was approved by

the local ethics committee.
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Experimental conditions

The reported intervention was composed environmental (social and physical)
and education (teachers training) components. The main focus was the physical
environment changes in classroom furniture. Traditional sit desks were replaced by
the LearnFit® Adjustable Standing Desk (Ergotron, USA), which allows sit-to-stand
transitions and can be moved. Intervention procedures did not provided any
recommendations about the time of sit-stand desks use during classes, but teachers
were encouraged to, progressively, conducted most class time with students standing
and/or moving. In addition, in order to try standing classes, three of the 16 weeks of
intervention were without stools and students necessarily spent all classes standing.
Therefore, for current purpose, baseline behavior assessment was defined as "seat
condition" and the behavior assessment in standing weeks (11 and 14) was defined

as "stand condition".
Measures

Descriptive information. Body mass index (BMI) were calculated through weight
(nearest 0.1 kg) and height (nearest 0.1 cm) measures. Waist circumference was
collected by a Sanny® metal tape (nearest 0.1 cm). Somatic maturation was

estimated by the peak of height velocity from trunk-encephalic height (50 cm bench).

Sedentary behavior and physical activity. ActivPAL™ micro device (PAL
Technologies Limited, Glasgow, UK) was used to assess time spent lying/sitting,
standing, stepping, sit-to-stand transitions, total number of steps and the number of
steps taken an intensity of < 110 steps per minute. The device was attached on
anterior mid-line of the participant's right thigh through 3M™ Tegaderm™
Transparent Film Roll (4 in x 11yd). Participants were asked to wear the inclinometer
continuously for seven days, including shower and sleep time, except in swimming
activities. These data were reduced by ActivPAL™ software v.7.2.32. In addition, the
Actigraph GT3X+ accelerometer was used to obtain physical activity information.
Participants were instructed to wear the device on the right rip (near the iliac crest)
during waking hours also for seven days. The device was attached via an elastic belt

and was removed only in water-based activities. For current purposes, evaluations
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that had four or more days (including one of weekend) of a minimum of 600 minutes
of wear were considered valid. The Choi et al. (2011) criteria of wear time and
Evenson et al. (2008) cuttoffs to PA intensities were applicable with 15s epochs
(collected at 30Hz) by Actilife v.6.10.4. For both devices, participants registered if it
was removed, the time and reason. In the same daily record, sleep time information

were collected.

Statistical analysis

Descriptive data are expressed in frequencies, means and standard
deviations or confidence interval of 95%. Shapiro-Wilk checked the data normality.
Groups comparisons were made by Student t-test for paired sample or Wilcoxon's
test according variables distribution. For analyze purpose, outcomes were divided in
four category of occurrence considering the sleep time reported: week (15h), school
time (9h), outside school (6h) and weekend (14h). Statistical significance was set at

5% level and data were processed by SPSS software version 21.0.
Results

General characteristics of the study participants are showed in Table 4. Most
were female, Caucasian, had not yet been reach the peak of height velocity and

normal values of adiposity.

Table 4. Descriptive characteristics of the sample (n = 17).

Mean + SD / n (%) Min — Max
Chronological age, years 11.8+0.3 11.5t012.5
Female 9 (52.9%) --
Caucasian 16 (94.1%) --
Peak height velocity, years -0.80 £ 0.98 -2.41 t0 0.47
Body mass index, kg/m? 20.0+3.3 15.9 t0 27.8
Waiist circumference, cm 69.9+9.0 56.0 to 93.0

Table 5 displays activity outcomes in both condition as well as means
differences between conditions, on week (school and outside) and weekend. As
expected, decreases in sitting time (-59.0%; p < 0.001) and increases in standing

time (+42.9%; p < 0.001) were observed in stand classes. These change
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reverberates in total week (sitting time: -26.2%; p = 0.001 and standing time: +

30.1%; p = 0.001), once behavior outside school were equal between conditions.

Also, when participants spent the week in stand classes, their standing time were

reduced on weekend (-9.5%; p = 0.022). Confirming above mentioned results, Figure

5 shows the time distribution (sleep, sit, stand and step) on week and weekend in

both conditions.

Table 5. Week (total, school time and outside school) and weekend behaviors
according conditions (n = 17).

Seat Stand Mean differences
classes classes (CI195%)

Week
Sitting, min/15h* 517.2+92.4 409.8 +87.0 -107.4 (-154.7 to -60.2)
Standing, min/15h* 233.9+65.9 334.4 £50.6 100.5 (67.0 to 133.9)
Stepping, min/15h 168.0 +44.4 168.8 + 50.1 0.8 (-23.8 t0 25.3)
Step counts, n/15h 13451 + 3893 13631 + 4414 179 (-1825 to 2184)
STS transitions, n/15h 79.8 £ 30.2 751237 -4.7 (-1711t0 7.7)
> 110 spm, n/15h 4325+ 2134 4437 + 2000 112 (-659 to 883)
LPA, min/15h 2414 +63.4 230.1 £ 50.8 -11.3 (-35.3 t0 12.7)
MVPA, min/15h 48.1+21.9 53.6 +27.9 5.5 (-3.5t0 14.5)
School time
Sitting, min/9h* 288.1 £ 44.7 181.2+454 -106.9 (-133.6 to -80.3)
Standing, min/9h* 139.0+21.3 243.3+42.6 104.4 (84.1 to 124.6)
Stepping, min/9h 113.0 £ 29.9 114.0 £ 36.7 1.0 (-15.2t0 17.1)
Step counts, n/9h 9339 + 2896 9378 + 3182 40 (-1291 to 1370)
STS transitions, n/9h 44.3 +22.0 36.2+13.2 -8.1 (-17.6 t0 1.3)
> 110 spm, n/9h 3283 + 1781 3311+ 1678 27 (-517 to 571)
LPA, min/9h 150.6 + 36.2 142.2 + 30.8 -8.3 (-22.510 5.8)
MVPA, min/9h 34.3+15.7 37.2+227 2.8 (-4.1109.7)
Outside school
Sitting, min/6h 229.1+73.7 228.6 + 54.4 -0.5(-35.2 to 34.1)
Standing, min/6h 95.0+42.2 91.1+32.6 -3.9 (-25.510 17.7)
Stepping, min/6h 55.0 + 221 54.8 +24.2 -0.2 (-15.8 to 15.4)
Step counts, n/6h 4112 £ 1721 4252 + 2109 140 (-1168 to 1448)
STS transitions, n/6h 355+11.0 39.0+14.6 3.4 (-3.3t010.1)
> 110 spm, n/6h 1041 + 634 1126 + 811 85 (-365 to 534)
LPA, min/6h 90.8 +29.6 87.8 +28.6 -2.9 (-17.7 to 11.8)
MVPA, min/6h 13.8+7.5 16.4 £ 11.0 2.7 (-3.210 8.6)
Weekend
Sitting, min/14h day 537.7 £ 127.8 557.4 £ 104.6 19.7 (-54.8 t0 94.2)
Standing, min/14h day* 178.0 £ 60.1 162.6 + 51.6 -15.4 (-48.8 to 18.0)
Stepping, min/14h day 105.7 £+ 46.9 101.4 £+ 32.8 -4.3 (-33.0 to 24.3)
Step counts, n/14h day 7858 + 3693 7709 £ 2845 -149 (-2560 to 2262)
STS transitions, n/14h day 66.4 +18.0 68.7 £ 18.1 2.3(-4.0t0 8.6)
> 110 spm, n/14h day 2071 + 1571 1939 + 1008 -132 (1,066 to 802)
LPA, min/14h day 172.6 +53.4 180.9 + 48.8 8.2 (-3.410 19.9)
MVPA, min/14h day 224 +19.3 27.3+19.7 4.9 (-6.51t0 16.3)

Note. STS = sit-to-stand; spm = steps per minute. * p < 0.05 between conditions.
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Discussion

Classroom standing desks have been proposed as a novel way to reduce
sedentary behavior at school setting. Despite promising findings, few robust
interventions were conducted and details regarding their delivery are still lacking
(SHERRY; PEARSON; CLEMES, 2016). In the current study, we observed that an
important amount of school sitting time can be replaced by standing when stools was
removed from the classroom, with no compensatory effect on week outside school
hours. However, students spent less standing time in the weekend followed by a
week with more standing classes. Although it was only two stationary conditions (seat
and stand classes), these findings highlight the potential of this environmental
change to reduce daily sitting time among school-aged children and advances
current knowledge regard to the whole-week acute effects of this kind of intervention.

It is know that behavior changes interventions have to be specifically target,
and acting on multiple levels of the behavior determination (GARDNER et al., 2016).
Classroom sitting time is one of the sedentary behavior domains among youth; and is
influenced by social and cultural norms (e.g. history, education norms, teaching style,
curriculum) as well as classroom environmental (e.g. classroom furniture). Thus,
wider interventions (social ecological framework) tend to be more effective compared
to single levels interventions only. For instance, a recent systematic review
(HEGARTY et al., 2016) concluded that, among strategies aimed at reducing
sedentary behavior at school setting, replacing traditional classroom sitting desks for
standing-permissive desks showed higher effectiveness. Generally, this type of
intervention also acts in other levels, as education and motivation (students and
teachers) to use the new furniture (CLEMES et al., 2015). However, specific details
about the best way to implement standing desks in classroom environment need to
be clarified.

Testing a more aggressive/radical strategy (without stools/rest), we observed
that more than 100 minutes of school sitting can be replaced by standing time during
school hours. Previous trials found sitting time reductions around 40 to 60 minutes,
which can vary according to the reference time of measure (i.e. day, school hours or
specific classes) (HINCKSON et al., 2016). One of the explanations of this difference
can be related to the characteristics of the intervention. Studies have been adopted

"natural interventions", allowing teachers and students freely choice regard to the
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dynamic as well as the postural transitions during classes. Most of them provide
individual stools, elastic balls or even some beanbags where students could rest.
Moreover, previous investigations with classroom standing desks took place over
three to 12 months, providing different levels of adaptability with the new furniture use
as well as their interaction with outside school activities (MINGES et al., 2016). Thus,
although current participants were under a multi-level intervention process for
gradually change classroom behavior (less sitting) at least for 10 weeks, our findings
should be viewed as a stationary comparison between different classroom
organizations in relatively adapted students.

In addition to school time changes, their effects outside school is less studied
in general school-based interventions (CHAPUT et al., 2014). Here, even with an
intensive approach, we found that changes achieved in school hours were equally
realized in 24h of the weekday analysis. This information is especially relevant in
order to effectively promote health behavior, once the behavior change in a domain
can be compensate in other domain. For example, Mansoubi et al. (2016) observed
that an intervention with standing workstations reduced sitting time during working
hours among office workers; however, during the intervention participants
compensated this reduction with increases in sitting in the non-working hours. Among
previous classroom standing desk interventions, Aminian et al. (2015) (New Zealand)
and Clemes et al. (2015) (two interventions: UK and Australia) analyzed the whole
weekday effects of the intervention. In all cases, reductions in sitting reached with
intervention (school hours; with different strategies) were followed by a trend to
decrease also outside school sitting time, which is not supported by our findings. In
addition, we found a small but significant compensatory effect of a more standing
week through reduced standing time on weekend (-15.4 min/14h). To the best of our
knowledge, this is the first evidence regarding the acute effects of this kind of
strategy on weekend. Five consecutive days with higher standing time can provide a
cumulative overload on students, which should be detect in the end of the week only.
Long-term interventions should investigate the chronic effects of the classroom
standing desk intervention on leisure behavior.

Interestingly, we observed that classroom standing desk not affected activity
outcomes (steps, LPA and MVPA). Previous studies showed increases on steps
counts (BENDEN et al., 2014) and LPA LPA (LANNINGHAM-FOSTER et al., 2008),

but differences regard to the type of standing desk, their use, contexts and other
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classroom aspects as organization, size and structure can influence the dynamic of
the work with standing desks. Also, probably more intensive actions in others
components and levels (e.g. training with teacher, curriculum adaptations) should be
provide to have more dynamic classes. However, the current results (- 107 minutes
of sitting and + 100 minutes standing per day) can provide important benefits for
children's health. Although is still unclear the best combination between activity
behaviors (SARDINHA et al., 2016), interrupting sitting time with short bouts of
activity seems improve metabolic outcomes (BELCHER et al., 2015). In overweight
adults, for example, the positive effects of 2.5h standing during a workday on
ambulatory blood pressure seems be similar to higher intensity activities (walking and
cycling) (ZEIGLER et al., 2016). Since is a novel research field, further investigation
is warranted in order to understand long-term effects of different pattern of sitting
interruption/reduction (e.g. duration, intensity, characteristic) on health.

Methodological aspects of the current study should be point out. This was a
trial within a broader intervention study. One of the strategies of the intervention was
to remove the stools from the classroom some weeks in order to provide stimulus
through experiencing standing classes; and assessments were performed in these
conditions. Therefore, if standing classes with no stools or other rest way were
providing to non-adapted students, result would be different not only during school
hours but mainly in outside school as compensation. Once the "stand class" arm of
the trial were performed in weeks 11 and 14, we have to consider possible
adaptation effects between then. However, we provide details about a novel and
promising strategy to reduce sitting time at school; our intervention process consisted
in multi-level action through students and parents participation as well as teachers
training; and we assessed sedentary behavior (activPAL inclinometer) and physical
activity (GT3X+ accelerometer) through objective validated instruments 24h per day
during the whole week.

Thus, we highlight the potential of classroom standing desks to reduce sitting
time in weekdays, which can represent almost 60% of a school and more than 20%
of daily sitting time. Considering the effects on weekend, this action should be
followed by specific actions to promote active behaviors also on weekend. Finally,
once we tested an aggressive strategy, their acceptability, feasibility and

academic/cognitive effects have to be investigated. If sustainable and with no
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negative side effects, it could represent an important strategy to improve school-aged

children's health.
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4.3 ARTIGO ORIGINAL 3: THE EFFECTS OF A CLASSROOM STANDING DESK INTERVENTION ON
COGNITIVE FUNCTION AND ACADEMIC ACHIEVEMENT IN 6TH GRADE STUDENTS

Abstract

The replacement of traditional classroom desks for active-permissive desks has been
tested in order to reduce sitting time during classes. However, the effects of this new
classroom furniture on academic outcomes were still unclear. We aimed to verify
potential effects of a multi-level classroom standing desk intervention on cognitive
function and academic achievement in 6™ grade students. This was a controlled trial
conducted with two classes (intervention [n = 22] and control [n = 27]) from a public
school of Lisbon. Intervention was carried out during 16 weeks and consisted in
multi-level actions (students, parents and teachers) centered in the implementation of
standing desks in a intervention classroom. Pre and post assessments of some
executive functions (attention, inhibitory function, memory and fluid intelligence) and
academic achievement were obtained. No differences between groups were found in
baseline (p > 0.05). Both groups improved academic achievement, memory span and
inhibitory control after the intervention (time effect; p < 0.05). Interactions group vs
time were observed with regard to operational memory (intervention: +18.0% and
control: +41.6%; p < 0.05) and non-verbal fluid intelligence (intervention: -14.0% and
control: +3.9%; p < 0.05). We concluded that a multi-level classroom standing desk
intervention showed some negative effects in specific cognitive abilities after 16
weeks, but with no impact in academic achievement.

Keywords: Sitting, Standing Desk, Cognition, Academic Performance, School-based
Intervention.

Resumo

A substituicdo das mesas tradicionais de sala de aula por estagdes de aprendizagem
em pé tem sido testadas no sentido de reduzir o tempo sentado dos jovens.
Contudo, seus efeitos sobre o desempenho cognitivo e académico n&o foram
investigados. Nosso objetivo foi verificar os efeitos do novo mobiliario de sala de aula
sobre fungdes cognitivas e desempenho académico em alunos do 6° ano. Este foi
um ensaio clinico conduzido com duas turmas (intervencgao: n=22; controle: n=27) de
uma escola publica de Lisboa. A intervengao teve a duracdo de 16 semanas e
consistiu em acdes em mutiplos niveis (ambiente social e fisico), centrada na
substituicdo do mobiliario de sala de aula. Quatro fungbdes cognitivas (atengao,
funcao inibitéria, memdria e inteligéncia fluida) e o desempenho académico foram
avaliados antes e apos a intervengado. Nao foi observada diferenga entre os grupos
na linha de base (p > 0,05). Ambos o0s grupos aumentaram o desempenho
académico (efeito do tempo). Interagcdes grupo vs. tempo foram identificadas no
indicador de memoaria operacional (intervencao: +18,0% e controle: +41,6%; p <
0,05) e inteligéncia fluida (intervengado: -14,0% e controle: +3,9%; p < 0,05).
Concluimos que a intervencdo apresentou efeitos negativos em algumas
capacidades cognitivas, porém sem impacto no desempenho académico.
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Palavras-chave: Tempo Sentado, Cogni¢cao, Performance Académica, Intervencdes
de Base Escolar.

Introduction

Besides the negatives effects of sedentary behavior for physical health, it
seems be also harmful for mental and cognitive health (HOANG et al., 2016). Even
the benefits of physical activity on brain are important and still more highlighted (DE
SOUTO BARRETO et al., 2016), the potential effects of prolonged sitting time on
cognitive processes has been gradually elucidated (FALCK; DAVIS; LIU-AMBROSE,
2016). Naturally, the main focus of the studies has varied between age groups.
Among older adults, the effects of sedentary behaviors worry especially about
degenerative mental diseases (FALCK; DAVIS; LIU-AMBROSE, 2016); in adulthood,
the concern is productivity (HEALY et al., 2016); while academic achievement and
some executive functions seems be more investigated throughout childhood and
adolescence (DONNELLY et al., 2016).

In youth, the more common reference to sedentary behavior is through
screen time (e.g. TV, video game, computer, smartphones) (WU et al.,, 2016).
However, sedentary behavior is defined as any waking behavior characterized by an
energy expenditure < 1.5 METs while in a sitting or reclining posture (SEDENTARY
BEHAVIOUR RESEARCH NETWORK, 2012). Thus, constitutes a broader range of
activities that can occur during leisure time (e.g. at home, public spaces, travel), in
commute (e.g. private or public transport) or at school (e.g. recess, classroom time).
In general, an adolescent spent around 8 to 10 hours per day in sedentary behaviors
(CHAPUT et al., 2016); and the educational systems can be seen as major promoter
of this harmful behavior. Considering that school-aged children sleep around 8 to 10
hours per day, a half of their waking time is spent at school; and this time is mostly
sedentary (total ~ 60 %; in classroom ~ 90%) (CARDON et al., 2004). In other words,
of the approximately 8.5 hours of a children spend sedentarily, 4.8 hours (57%)
occurs at school (SILVA et al., 2017). Thus, the school but especially classroom
environment constitutes a promising field to reduce overall sedentary behavior
among youth.

Among the initiatives aimed to reduce sedentary time at school, the
replacement of traditional desks has been the most effective intervention (HEGARTY

et al., 2016). Besides few robust studies are available, this strategy seems reduce
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sitting time during classes (revisions) with no compensatory effects in other domains
(SILVA et al., 2017). It is speculated that less sitting time during classes could also
improve cognitive and academic skills trough mechanisms related to the disturbance
of the homeostasis (AMINIAN; HINCKSON; STEWART, 2015; DORNHECKER et al.,
2015; KOEPP et al., 2012; MEHTA; SHORTZ; BENDEN, 2015). Higher blood flow,
growth factors and myokines releases through muscle contraction can affect brain
activity and function (VOSS et al.,, 2014). Also, long-term changes in energetic
metabolism and adiposity caused by less sitting time may act in brain structure and
functioning (VAYNMAN; GOMEZ-PINILLA, 2006). Additionally, some commercial
classroom standing desks also allows moving around and working in collaborative
groups, which can provide more dynamic classes, improving engagement, attention,
flux of ideas and memory (CLEMES et al., 2015; MINGES et al., 2016). However, no
objective evidence of the benefits of this new strategy based on controlled trials is
available.

Thus, the current study aimed to verify the effects of 16 weeks of a multi-level
classroom standing desk intervention on cognitive function and academic
achievement in 6™ grade students. Considering the acute and chronic benefits of
active lifestyles (OPPEZZO; SCHWARTZ, 2014; SARDINHA et al., 2014; SUCHERT;
HANEWINKEL; ISENSEE, 2016; SYVAOJA et al.,, 2013) and other types of
intervention to break sitting time in classroom on cognitive and academic skills
(BRITTEN et al., 2016; MAHAR, 2011), it is expected that classroom standing desk
provides a relevant opportunity for improve health, cognitive and academic outcomes

at same time.
Methods
Design and sample

The ERGUER/Portugal project is a cluster controlled trial conducting in
school setting. For convenience, were selected two classes of sixth grade from a
great size, public and centre located school of Lisbon. Students from these two
classes were invited to participate and those who aged between 11 and 13 years-old,
were able to postural changes and return the informed consent signed by

parents/guardians were included (Figure 6 displays the participants flow diagram).
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Classes were divided in intervention (IG) and control group (CG). Intervention
consisted of a multi-level sit-stand desks intervention during classroom time for 16
weeks with two assessments points (pre and post). The study was approved by the

local ethics committee.

© Two 6th grade classes from a great
% size centre located school of Lisbon
c
L
: I !
o .
= Intervention class Control class
S n=22 n=29
=
Excluded: n=2
(did not return consent)
o
3 .
g Intervention class Control class
o h=22 n=27
L
]
% Intervention class Control class
5 n=22 n=27

Figure 6. Sampling flow diagram.

Intervention procedures

Intervention was composed by physical and social environmental changes;
and school teachers training. Physical environment was modified through the
exchanges of traditional sit desks for the LearnFit® Adjustable Standing Desk
(Ergotron, USA). Besides allowing postural changes, these desks can be moved and
thus expanding possibilities of activities. The social environmental component was

mainly target on family support through meetings along the intervention. Finally, the
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education component was developed through six training sessions with school

teachers. Details of the intervention procedures were described elsewhere.

Measures

Descriptive information. Body mass index (BMI) were calculated through weight
(nearest 0.1 kg) and height (nearest 0.1 cm) measures. Somatic maturation was
estimated by the peak of height velocity from trunk-encephalic height (50 cm bench)
(MIRWALD et al., 2002).

Academic achievement. Participant’'s marks were obtained by routine school
evaluation. Grades of language (Portuguese), mathematics, natural science, foreign
language (English), history, visual education, music and technology were provided
before (at the end of the first in period) and after the intervention (at the end of the
academic year). Student’s marks range from 1 (very poor) to 5 (very good). For

analysis purpose, the sum of these eight marks was considered.

Cognitive function. Four tests which assess different components of cognitive
function were performed: 1) Corsi block-tapping test was adopted to verify the
operational and visuospatial memory, which showed good validity for children and
adolescents (FARRELL PAGULAYAN et al., 2006). This test consists in memorizing
some cubes that blinks on a screen. Among nine cubes, task starts with two blinks
and increases progressively. If the participants cannot memorize cubes blinked in the
correct order, test ended. The test span (CB span) and total score (CB total score)
were adopted as performance indicators; 2) Stroop Color test was used to assess
executive function, particularly inhibitory control. This test is composed by three
phases (12 tasks each) that requires point out color name/color printed through
computer arrow keys left and right as fast as possible. In the congruent phase, a
rectangle printed is shows and subjects have to indicate color printed (color name
and printed is the same). In the neutral phase just written color is showed (all in write)
and subjects had to indicate just color's name. Finally, in incongruent phase color's
name are showed printed in different color (e.g. "red" printed in blue). So, subjects
had to indicate printed color and not written color. Reaction time (time spent) and

accuracy (correct answers) in each phase were adopted as indicators. The Stroop
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test is related to the activation of prefrontal cortex regions responsible for inhibitory
control (LEUNG et al., 2000); 3) d2 test was adopted to assess selective attention
and power of concentration. This test consists in one-page with 14 rows each
containing 47 interspersed d and p characters. These characters have one to four
dashes above and/or below and subjects have to select all d with two dashes (e.g.
d", 'd", or "d). Thus, all p and d with more or less than two dashes are distracters.
Subjects have still time pressure (20s each row) and no pauses are allowed. Total of
correct marks (accuracy) was adopted as main score. The d2 test showed high test-
retest reliability and validity (BATES; LEMAY JR., 2004); and 4) Raven's Progressive
Matrices was performed to assess non-verbal fluid intelligence. This test consists in
60 multiple choice questions divided in three progressive phases. In each question,
subjects have to identify missing element that completes a pattern without time
pressure. As outcome, a standard score (percentile) that reflects correct answers
was calculated. Raven’s test had their psychometric properties tested and seems
one of the best options to assess fluid intelligence (CARPENTER; JUST; SHELL,
1990; PRABHAKARAN et al., 1997). Both tests 1 and 2 were performed, in that
order, on computer after standard instructions and familiarization (previous attempt).
The last two tests were performed manually (paper-and-pencil) in groups of 8-10

participants.

Statistical analysis

Descriptive data are expressed in frequencies, means and standard
deviations or confidence interval of 95%. Shapiro-Wilk was used to check the
normality of data distribution. Baseline comparisons were made by Student t-test for
independent sample, Mann-Whitney and Chi-squared tests according variables
characteristics. Generalized estimating equation (GEE) models were used for
comparisons within and between groups for cognitive outcomes before and after the
intervention. Poisson log-linear (for academic achievement and Corsi test outcomes),
binary (congruent phase of Stroop test) and gamma (for other outcomes) distributions
were adopted. Statistical significance was set at 5% level and data were processed
by SPSS software version 21.0.
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Results
Baseline characteristics of the participants (22 intervention and 27 control
group) are presented in Table 6. Overall, they were mostly Caucasian, did not

achieve the peak of height velocity and had normal BMI. No initial difference between

groups was observed (p > 0.05).

Table 6. Baseline characteristics of the sample.

Intervention group  Control group p-value
(n=22) (n=27)

Chronological age, years 11.8+04 11.6+£0.5 0.144
Female 10 (45.5%) 16 (59.3%) 0.336
Caucasian 21 (95.5%) 26 (96.3%) 0.856
Peak height velocity, years -1.05+1.15 -0.93 £1.05 0.704
Body mass index, kg/m? 19.7+£ 3.0 189134 0.154
Academic achievement, 26.5+5.0 27.0+45 0.717
total score
Corsi block test
Span, level 54+1.0 53+0.6 0.775
Total score 444 +15.2 40.6 £ 9.6 0.501
Stroop test
Congruent phase
Reaction time, ms 1697.5 £ 230.0 1638.4 + 186.0 0.325
Accuracy, % 97.7+3.8 98.8+3.0 0.287
Neutral phase
Reaction time, ms 1781.1 £ 252.7 1768.9 + 227.6 0.984
Accuracy, % 98.5+3.3 98.5+4.0 0.802
Incongruent phase
Reaction time, ms 21142+ 3414 2184.2 £ 227.2 0.278
Accuracy, % 94775 91.4+14.3 0.608
D2 test
Accuracy, % 711+ 29.1 63.7 £ 30.8 0.332
Raven matrices test
Standard score, percentile 75.8 £ 25.3 68.7 + 254 0.412

Changes in main outcomes (academic achievement and cognition tests) after
16 weeks of were displays in Table 7. Both groups improved academic achievement,
memory span and inhibitory control (time effect). Interactions group vs time (p < 0.05)
were observed in operational memory and non-verbal fluid intelligence indicators. In
the first (Corsi test), both group increased, but control group showed higher increase.
In the second (Raven matrices), while control group did not change, intervention
group showed a trend for reduce the test's standard score. Figures 7, 8 and 9

displays these findings in terms of relative changes.
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Table 7. Mean changes (confidence interval 95%) in academic achievement and
cognition tests after 16 weeks of follow-up according experimental groups.

Intervention group (n=22)  Control group (n=27)

Academic achievement, 1.95 (0.79 t0 3.12) 2.04 (1.26 to 2.81)
total score*

Corsi block test

Span, level* 0.32 (-0.14 10 0.78) 0.89 (0.47 to 1.30)
Total scoret 4.68 (-4.09 to 13.45) 15.52 (8.66 to 22.37)
Stroop test

Congruent phase

Reaction time, ms* -146.2 (-249.1 t0 -43.2) -116.2 (-180.5 to -51.8)
Accuracy, pp. 0.76 (-1.19 10 2.70) 0.00 (-1.83 t0 1.83)
Neutral phase

Reaction time, ms* -77.7 (-195.8 t0 40.4) -102.2 (-193.5t0 -10.9)
Accuracy, pp. -4.55 (-14.3 t0 5.18) 0.62 (-0.95 t0 2.18)
Incongruent phase

Reaction time, ms* -70.4 (-198.5 to 57.6) -140.4 (-249.6 t0 -31.1)
Accuracy, pp. -3.41 (-8.20 to 1.38) 2.47 (-3.51 10 8.45)
D2 test

Accuracy, pp -7.4 (-24.4 t0 9.5) 2.9 (-8.7 to 14.5)
Raven matrices test

Standard score, ppt -10.5 (-23.5to0 2.4) 2.7 (-4.0t0 9.4)

Note. *p < 0.05 for time. tp < 0.05 for time vs group interaction. pp = percentage
points. ms = millisecond.
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Figure 7. Corsi block-tapping test results (span and total score) pre and post 16
weeks of intervention in both groups. Data are expressed by mean and standard
deviation. Note. *p < 0.05 for time. tp < 0.05 for time vs group interaction.
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Figure 8. Stroop Color test results (reaction time and accuracy) pre and post 16
weeks of intervention in both groups. Data are expressed by mean and standard
deviation. Note. *p < 0.05 for time in all the phases.
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Figure 9. Relative changes in d2 test and Raven matrices performance after 16
weeks of intervention in both groups. Data are expressed by mean and standard

deviation. Note.

*interaction group vs time (p < 0.05).
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Discussion

The main findings of the current study is that an intervention to reduce
classroom sitting time - through standing desks - led to negative effects on cognitive
abilities after 16 weeks, but did not change academic achievement. This is the first
study to investigate the effects of multi-level classroom standing desk intervention on
different cognitive outcomes. Decreases on operational memory and non-verbal fluid
intelligence were not expected. Therefore, we had potential explanations for these
results. Firstly, it was a multi-level intervention which required much involvement of
the students with assessments, orientation sessions and general pressure. Second,
the novelty of the intervention could led instability on teacher's pedagogical work
which may have influenced the students. Third, once study was conducted with only
two classes for the same school, potential competitively between classes might have
been created; and, in turn, the control class would have responded better.

Our surprising regarding to the results is mainly due to the positive findings
observed previously. Pilot studies had showed directly and indirectly promising
effects of classroom standing desks on cognition and academic engagement
(AMINIAN; HINCKSON; STEWART, 2015; DORNHECKER et al., 2015; KOEPP et
al., 2012; MEHTA; SHORTZ; BENDEN, 2015). Results from feasibility studies
highlight that classroom standing desks has the potential to reduce sitting time
without negative changes or even with improves in academic engagement and
cognitive abilities (MEHTA; SHORTZ; BENDEN, 2015). However, besides these
evidences is still poor (e.g. small sample size, lack of control group), methodological
differences between interventions might explain conflicting results. For example,
Aminian, Hinckson and Stewart (2015) tested a different classroom organization with
height-appropriate standing that not allows postural transitions (in group use); with no
stools, but Swiss balls for rest. They found no significant differences in inattention
and hyperactivity, but a teacher reported that Swiss balls was an important tool for
children with attention deficit hyperactivity disorder. We adopted individual sit-to-
stand desks that also allows moving; but with traditional stools. In turn, Mehta et al.
(2015) were the first to measured objective indicators of cognition and found
improvements on performance in some cognitive abilities and prefrontal cortex
activation (during the tests) after a scholar year of standing desks use among high

school students. However, they follow-up period was twice as high as that ours;
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besides, they had no control group and offered $25 to participants for each testing. It
is known that adolescents are differently sensitive to incentives (PAULSEN et al.,
2015) and although we provide standard orientation and verbal encouragement,
these kinds of issues can explain divergences between results.

Additionally, in most school-based intervention is difficult to control all
potential confounders that influence cognition during adolescence (important
transition phase) (TARP et al.,, 2016) as well as to guarantee that changes in
cognitive function is caused by postural transitions. Our intervention was effective to
reduce sitting time and increase standing time at school with no effects outside
school both on weekday and weekends. Also, no changes we observed in sleep
duration, which could influence cognition abilities (DEWALD et al., 2010). However,
we did not have the control of behaviors, social and biological changes during the
intervention. Thus, process evaluation is needed to better understand mediators,
moderators and potential links in the causal chain.

Potential acute and chronic mechanisms have been proposed to support
physical activity and more recently sedentary behavior interventions seeking to
cognition optimization. Cellular (e.g. neurogenesis, synaptic plasticity, functional
connectivity), systems-level (e.g. insulin metabolism, neuroendocrine function,
adiposity, vascularization) and behavioral (e.g. depressive symptoms, mood,
affectivity, self-requlation) changes induced directly and indirectly by muscle
contraction are related to brain structure and functioning (VOSS et al., 2014).
However, while the evidence have reported physical activity effects or even
overlapping with sedentary lifestyles pathways, independent effects of sedentary
behavior on brain is still unclear. For instance, orthostatic posture (in opposite to
sitting) requires hundreds of muscle contractions; in a acute way, these contractions
could improve blood flow, release growth factors and myokines, which, in turn, can
optimize cognitive processes (VOSS et al., 2014). Chronically, the potential effect of
less sedentary behavior on cognition may also pass through lower adiposity, insulin
resistance, inflamation and changes in brain structure (e.g. hippocampal volume)
(VAYNMAN; GOMEZ-PINILLA, 2006).

Although still controversial, recent empirical data suggests that breaks in
sitting time through bouts of at least 10 minutes of physical activity may improve
some executive function and academic skills among youth (HILLMAN et al., 2009;
HOWIE; SCHATZ; PATE, 2015; MAHAR, 2011). However, it is not clear how the
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breaks affect specific executive functions (DROLLETTE et al., 2012) and their effects
for different students. Interestingly, greater benefits were observed among lower 1Q
and lower initial grades students (HOWIE et al.,, 2015; RESALAND et al., 2016),
which is especially important once adolescents who had Ilower academic
performance tend be more sedentary (LIZANDRA et al., 2016). In addition, the
effects of breaks in sitting time can also vary according gender or physical fitness
(HOWIE et al., 2015). Here, unfortunately, we have no statistical power to perform
sub-groups analysis, but probably also different learn styles should influence
intervention effects. Although the above presented evidence, it is important to
mention that previous studies tested more intensive breaks (through moderate
physical activity), while our intervention only led to the replacement of sitting to
standing time. To date, even with evidences of the harmful effects of uninterrupted
sedentary behavior, there is no consensus upon what should be done during breaks
periods (BERGOUIGNAN et al., 2016; FANNING et al., 2016; MULLANE et al., 2016;
PILCHER; BAKER, 2016; PULSFORD et al., 2016; WENNBERG et al., 2016).

Seen in these terms, despite the evidences of physical activity, exercise and
mainly physical fithess benefits for cognitive function seems clear, the effects of the
sedentary behavior not. Different type, duration and pattern showed mixed results,
especially because some sedentary activities can stimulate cognition (e.g studying,
working, playing board games) (AGGIO et al.,, 2016; MAHER et al., 2016). Our
intervention reduced sedentary behavior only at school. In other words, the same
academic activities were performed, but standing instead sitting. Although the
specific contexts of behavior outside school were not assessed, we did not observed
changes in sitting time outside school. In addition, no effect on activity outcomes
were found (step counts, LPA or MVPA), which could help the results interpretation.
We suppose that the reduced sitting time (-34.9 minutes per day) through increases
in standing time (+ 38.1 minutes per day) was insufficiently to promote benefits on
cognition and perhaps sitting time should be replaced by more active tasks.
Considering the flexibility of the standing desks used, in terms of moving and working
in collaborative groups, more dynamic classes is possible. More research about
pedagogical work with this new tool is needed in order to provide varied and
enjoyable experiences for students. Probably, is not only a reduction of sitting but
their interaction with higher levels of physical activity could optimize cognitive

abilities.
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An important topic regarding the effects of behavior interventions on
cognition is their applicability. Even more evident exposures (i.e. physical activity,
physical fitness) seems predict isolate cognitive abilities, is not clear how these
abilities are translated to practice (e.g. general learning, better academic and
productive life) (HILLMAN; BIGGAN, 2016). Here, for example, the negative effect
observed in some cognitive abilities (pre and post comparisons) was not transferred
to academic achievement. Thus, future studies should consider more practical
outcomes.

Limitations of the current study include a small sample size, short follow-up
period for substantial cognitive changes and lack of control of variables that might
influence the outcomes (e.g. process evaluation of classes happens, sleep patterns
or other leisure behaviors). Importantly, even with methodological cautions related to
the cognitive tests application, the school dynamic avoids us to control many
variables. The tests were performed in different periods of the day and we could not
control the procedures before tests (e.g. students comes from recess, more intensive
classes). Also, we could not controlled student's motivation to perform cognitive tests.
Although a trained assessor provided orientation and verbal encouragement for all,
we have to consider that it might have influence on results. However, we showed for
the first time the effects of a multi-level classroom standing desk intervention on
different domains of executive function and academic achievement, advancing in
current knowledge. Obviously, many more studies is needed for clarify this field.
Recently, Hillman and Biggan (2016) highlighted some gaps on the relationship
between physical activity, brain and cognition in childhood. Being a more recent
research field, there are still more gaps and further studies should explore the
sedentary behavior effects on brain and cognition, especially in terms of their
different contexts, patterns, dose-response, individuality, and sensitive periods.

Finally, we concluded that a classroom standing desk intervention showed
negative effect in some cognitive abilities after 16 weeks, but with no impact in
academic achievement. These effects should also be interpreted as whole
intervention process more than only postural changes and less sitting classes. Larger
studies, with longer follow-up periods and process evaluation are warranted to clarify
chronic effects and mechanisms of classroom standing desks as well as their

interaction with biological development processes.
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4.4 ARTIGO ORIGINAL 4: ACCEPTABILITY, BARRIERS AND FACILITORS OF SUCCESSFUL
STANDING DESK INTERVENTION ON CLASSROOMS: INSIGHTS FROM STUDENTS, PARENTS AND
TEACHERS

Abstract

Classroom standing desks is a promising strategy to reduce and/or interrupt school
sitting time, however there is no detailed information about their implementation.
Here we verified their acceptability and identified different levels of success
determinants of this new classroom furniture. Intervention arm students (n = 22),
parents (n = 29) and teachers (n = 9) of a controlled trial conducted in Lisbon
(ERGUER project) reported their perception and opinions regarding the standing
desk use. Mixed approach was adopted for data analysis. Students reported legs and
back pain (100%) and feel more easily distracted (77.3%) when use the new
furniture, however some good experiences were reported. Parents did not perceived
any benefits of the standing desks in behavior or academic performance, and most
reported offspring's tiredness and environmental determinants. Teachers pointed
wider range of success determinants, focusing in political, pedagogical and
environment issues. While almost all teachers (88.9%) reported desire to continue
using the standing desks, only 58.6% of parents and 27.3% of students reported
intention to continue. This current mixed approach highlights the importance of multi-
level actions to effective implementation of classroom standing desks, helping the
interpretation of the trial findings, improving external validity as well as giving
directions for the future of this educational and health field.

Keywords: Sitting, Standing Desk, School-based Intervention.

Resumo

As chamadas standing desks vem sendo uma das mais promissoras estratégias
para reduzir o tempo sentado no ambiente escolar, todavia, pouca informacéao
detalhada sobre sua implantagao esta disponivel. Assim, buscamos verificar a
aceitabilidade e identificar determinantes para o sucesso neste tipo de intervencéo.
Estudantes (n = 22), pais (n = 29) e professores (n = 9) submetidos a uma
intervengao centrada na substituicdo do mobiliario de sala de aula reportaram suas
percepcdes e opinides (questionarios) sobre o uso das mesas que permitem o
trabalho em pé em uma turma de 6° ano. Estudantes reportaram dores nas pernas e
na coluna (100%) e sentimento de que eram mais facilmente distraidos (77,3%)
quando usavam as novas mesas, contudo algumas boas experiéncias também
foram reportadas. Os pais nao perceberam qualquer efeito da intervengcdo em
termos comportmentais e desempenho académico, contudo eles reportaram
determinantes em niveis intra-pessoais (cansaco dos filhos) e ambientais (sala de
aula e mesas) para o sucesso da intervengdo. Os professores foram os que
reportaram maior gama de determinantes, com maior foco em questdes politicas,
pedagogicas e ambientais. Enquanto quase todos os professores (88,9%) indicaram
desejo de continuar usando as mesas, apenas 58,6% dos pais e 27,3% dos alunos
gostariam de continuar com as mesas. As informagdes coletadas destacam a
importancia da acdo em multiplos niveis para o sucesso da intervengdo com
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standing desks no ambiente escolar, auxiliando na interpretacdo dos efeitos da
intervengdo sobre desfechos principais, aumentando sua validade externa, bem
como fornecendo diregdes para futuras intervencdes neste ambito.

Palavras-chave: Tempo Sentado, Intervencdes de Base Escolar.

Introduction

In addition to physical inactivity pandemic, sedentary behavior has been
highlighted as independent health risk factor (BISWAS et al., 2015; DEMPSEY et al.
2014). Modern society provides many option of sedentary lifestyles for different age
groups and domains of life. Most of school-age children daily sedentary time is spend
within school setting. In general, around 60% of total school time and more than 90%
of classroom time is spending sitting (CARDON et al., 2004). In this sense,
classroom standing desks have been adopted as a punctual action in order to reduce
children sedentary behavior (HEGARTY et al., 2016).

Although research field in this regard is still in infancy, three systematic
reviews were recently published (HINCKSON et al., 2016; MINGES et al., 2016;
SHERRY; PEARSON; CLEMES, 2016). It is supposed that this strategy seems be
effective to reduce sitting time during classes and also can provides potential
academic benefits. However, the evidence is still limited and the wide variability
between studies characteristics has been avoiding conclusive recommendation for
utilization of this new classroom furniture.

Pilot and feasibility studies have discussed ways to effectively
implementation of classroom standing desks (AMINIAN; HINCKSON; STEWART,
2015; KOEPP et al.,, 2012). Overall, methodological differences but especially
different types of educational systems, physical and social environment have difficulty
consensus. Most studies were conducted in high income countries and only replaced
traditional sitting desks by standing-permissive desks (MINGES et al., 2016). The
ERGUER/Portugal project was a controlled trial conducted in Lisbon with aimed to
implement classroom standing desks in a 6™ grade class. It was the first study
conducted out of developed countries; and acted in physical environmental (i.e.
classroom furniture and organization) and social issues (i.e. training with teachers

and parents participation). Findings from ERGUER/Portugal project corroborate the
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potential of standing desks for reduction school sitting time but with inconclusive
results regarding cognitive and academic outcomes.

Considering this novel classroom organization constitutes a educational
paradigmatic change, the involvement of different levels stakeholders of school
community is especially important. Also, sharing good and bad experiences as well
as the identification of potential successfully determinants of classroom standing
desk interventions could help the improvement of overall aspects involving in this
kind of intervention (O'CATHAIN et al., 2015). In this sense, our aim is to discuss and
reflect about the students, parents and teachers perceptions regard to a classroom
standing desks intervention conducted during 16 weeks in a school from Lisbon. It is

expected that these insights will help the field progression.

Methods

Design and sample recruitment

This study was developed from ERGUER/Portugal project. This project is a
two-arm controlled trial performed in a great size centre located public school of
Lisbon. Twenty two adolescents aged between 11 and 13 years-old were submitted a
multi-level classroom standing desk intervention during 16 weeks for decrease sitting
time in class. Throughout follow-up period were performed physical, behavior and
cognitive evaluations. In addition, opinion and perceptions of students, their teachers
and parents regarding to the intervention were assessed. For current purpose,
intervention class (n = 22) as well as teachers (n = 9) and parents (n = 29) composed
the sample (Figure 10). Especially among parents, it was request both mother and
father information; however, of the initial 40 answers, 11 did not return post-
intervention evaluation. The 29 parents included represent 18 adolescents, while
parents of four students did not return. All subject assigned a written informed
consent for own engagement in the research. Parents also consent their child's

participation. The study procedures were approved by the local Ethics Committee.
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Figure 10. Flow diagram of the study.

Interventions procedures and class characteristics

A multi-level intervention take place over 16 weeks and was composed by
physical environmental (standing desks), social (meetings with students and their
parents) and education (teachers training with participatory approach) components.
Overall, six sessions of training with teacher and three meeting with parents were
conducted. LearnFit® Adjustable Standing Desk (Ergotron, USA) replaced traditional
sitting desks in a classroom of 8 m x 7.5 m. Figure 11 shows a classroom
organization. Intervention class curriculum consisted by eight subjects (Mathematical,
Portuguese, History, English, Visual Arts, Music, Technology and Physical
Education). Student had seven classes of 50 minutes per day (four classes between
8:20 to 12:20 and three classes between 13:30 and 16:30).
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Figure 11. Layout of the intervention classroom.

Data collection

Data were collected at baseline, during intermediates training
sessions/meetings and after the intervention period. Questionnaires requested
information about six specific themes. Three of them consisted in close questions
(student's interaction, academic achievement and student’s behaviors) and other
three in opening questions (expectation, perception and opinion; strategies adopted
and determinants of intervention success). For current purpose, a posteriori student's
and teacher's reports about the classroom standing desks were analyzed. Regarding
to the parents, initial and final perceptions of the intervention in general, but also on
their offspring academic performance, social interaction and some health behavior
were adopted. For sample characterization, objective information of body weight and
height (body mass index) and somatic maturation (MIRWALD et al., 2002) from
students were performed. Teacher and parents self-reported general information

(baseline).
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Data analysis

Descriptive statistics were used for sample characterization (mean, standard
deviation, median, minimum, maximum, absolute and relative frequency). Wilcoxon
signed-rank and Chi-Square tests were adopted for paired comparisons. Content and
thematic analysis was used for qualitative data. While theoretical framework, the
determinants of standing desks intervention success was divided in six dimensions:
1) educational policies; 2) institutional support; 3) physical environment; 4) social and
cultural norms; 5) pedagogical strategies; and 6) intrapersonal level. Data from
students, teachers and parents were framed in one of those dimensions, indicating
presence and frequency of report according to the following criteria: not reported;

reported at least by one subject; and reported for more than 30% of the subjects.

Results
Participant’s characteristics

Student's, parent's and teacher's baseline characteristics are display in Table
8. In means, students did not achieve the peak of height velocity. Mother is majority
of parent’s respondents. Teachers had a great experience in teaching (minimum of

15 years) and the majority had full dedication to the school.

Table 8. General characteristics of the sample in baseline.

Mean + SD / n (%) Median (min - max)
Students (n = 22)
Female 10 (45.5%) -
Age,y 118104 11.8 (11.0-13.0)
Peak of height velocity gPHV), y -1.1+£1.1 -0.7 (-3.1-0.5)
Body mass index, kg/m 19.7+3.0 19.1 (15.9 - 27.8)
Parents (n = 29)
Female 16 (55.2%) -
Age,y 451+5.8 43.0 (34.0 - 56.0)
Body mass index, kg/m? 25.3+3.9 25.4 (18.9 - 34.5)
Teachers (n =9)
Female 8 (88.9%) --
Age,y 52.1+6.7 54.0 (38.0 - 59.0)
Time of teaching, y 26.3+7.9 30.0 (15.0 - 35.0)
In classroom time, h/wk 20927 22.0 (18.0 - 26.0)
Have another job 1(11.1%) ---

Perceptions about the standing desks and their effects
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Table 9 shows the perceptions of students and teachers with regards to the
standing desk use. All students reported they have got pain in their legs or back
when were standing, while six of the nine teachers corroborated it. The majority of
the students also reported they were more easily distracted and feels tired after

school.

Table 8. Perception of students and teachers regarding to the classroom standing
desks use.

n %
Students (n = 22)
Enjoy lessons more 6 27.3
Concentrated better 5 22.7
Felt more energetic 2 9.1
Found difficult to pay attention 12 54.5
Was easily distracted 17 77.3
Got pain in my legs or back 22 100
Was too tired after school 17 77.3
Was less active outside school 9 40.9
Teachers (n =9)
Enjoy lessons more 6 66.7
Concentrated better 5 55.6
Found difficult to pay attention 1 11.1
Was easily distracted 3 33.3
Students report leg and back pain 6 66.7
Students feel tired 5 55.6

Among the open reports, students highlighted problems with the standing

desk used.

"...(the desks) are uncomfortable because of the basket, we have to
open our legs when sitting." (Student 9)

"...wheels (of the desk) do not brake well and is constantly moving..."
(Student 16)

However, some good experiences were reported by students such as "the
desks help us to think better" (Student 5); "improves my concentration" (Student 14);
and "we are more attentive when standing" (Student 21). Most of teachers reported
that students enjoy lessons more and concentrated better when use the new

furniture. The mobility and better support to group activities were highlighted.



80

"...more freedom of movement for students and teacher; better and
easily to performed pairs and groups tasks". (Teacher 2)
"...possibility of student release stress characteristic of this age

through not is quiet for long periods". (Teacher 6)

Parents did not perceived any changes in their offspring regarding the
academic achievement, social interaction, leisure screen time and sport practice

before and after 16 weeks of standing desks use (Table 10).

Table 10. Academic, social and behavioral characteristics of students reported by
parents before and after 16 weeks of classroom standing desks intervention.

Pre Post p-value

Perceived academic achievement 3 (1) 3(1) 0.480
Offspring's social interaction 3 (0) 3 (0) 1.000
Offspring's leisure screen time

On week, hours per day 2.0 (2.0) 2.0 (1.8) 0.533
On weekend, hours per day 4.0 (2.8) 3.0 (2.0) 0.216
Offspring's sport practice

Yes, % 51.7 44.8 0.599
Frequency, days per week 2(1) 25(1) 0.527
Duration, min per day 60 (30) 60 (30) 0.317

Note. Perceived academic achievement and offspring social interaction are assessed
in 4-point Likert scale (1 = bad to 4 = excellent). Data are expressed in median and
interquartile range.

In discursive reports, although major part confirmed the absence of perceived

effect, divided opinions were observed.

"My son showed a trend to be more active after school..." (Mother 1)

"...worsened book organization and willingness to study..." (Mother 8)

"...my son was more concentrated, with Dbetter behavior and
interaction with friends..." (Mother 22)

"...my child arrived tired at home, where did not desire standing
activities." (Mother 11)

Participant’s opinions about the intention to continue using the standing
desks are display in Figure 12. Only one teacher (of 9) reported did not desired to
continue using the standing desk in their classes. Around a half of parents would like
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that their children continues using the new furniture. Teachers and parents who
support the continuity highlighted the curiosity regarding the potential long-term
effects. However, only 6 of the 22 students reported desire to continue having

classes with standing desks.

Intention to continue using standing desk

100+ 88.9%

80-

58.6%
60+

%

= 27.3%

20+

Students Parents Teachers

Figure 12. Reported intention to continue using classroom standing desks by
students (n = 22), parents (n = 29) and teachers (n = 9).

The main complaint of them is related to the tiredness and pain in legs.

"...| feel so tired and more distracted." (Student 20)
"...at the end of the day | feel tired and lazy to be active at home."
(Student 8)
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Determinants of successful intervention with the new classroom furniture

Among the dimensions reported as determinants of success of the new
desks (Table 11), teachers indicated a wide range of levels. They were the only to
report higher levels as education policies and institutional support. These concerns
are mainly related to the pressure of educational curriculum and involvement of

school principals in training sessions and parents meetings.

Table 11. Dimensions reported by students, parents and teachers about the standing
desks intervention on school setting determinants.

Dimensions Students Parents Teachers
Educational policies - - +
Institutional support - - +
Physical environment ++ + ++
Social and cultural norms - + +
Pedagogical strategies + + ++
Intrapersonal level ++ ++ +

Note. Not reported (-); reported at least by one subject (+); and reported for more
than 30% of the subjects (++).

However, physical environment and pedagogical issues were observed in the

most of teacher's reports.

"...classroom with space to move; adequate stools that allows fast
adjustments in class layout." (Teacher 6)
"...communication between teacher and students has to be change;

teacher must recreate their methods and strategies..." (Teacher 8)

Parent's reports had focusing on intrapersonal level as the lack of motivation
of their children to use the desks and the complains of leg pain. Some parents
supported students reports related to the standing desks limitations. Also, parents

reported the need of teacher's motivation.

"The desk had no adequate dimensions for my son, so he had to
adopt a wrong posture; the desk must also allow inclination to be more ergonomic..."
(Mother 3)
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"...maybe teacher's motivation was insufficiently to minimize the

effects of student's tiredness". (Father 13)

As above mentioned, student were limited to report ergonomic limitations of

the standing desk and barriers related to tiredness and pain in legs and back.

Discussion

Our findings showed insights from students, parents and teachers regarding
the adoption of new classroom furniture which has a purpose to change classroom
dynamic. This current mixed approach can help the interpretation of the trial findings,
improving external validity as well as giving directions for the future of this
educational and health field. As previously reported, the current intervention take
place over 16 weeks; was effective to reduce sitting time during school time (with no
compensation), but with inconclusive data regarding to academic outcomes.
Considering reports from stakeholders, we can understand and suggest potential
mediators of positive and negative intervention effects as well as compare qualitative
and quantitative data. For instance, although students and some parents reported
tiredness and less activity outside school, we found no changes between pre and
post intervention in activity behaviors outside school. Probably the intervention
affects students differently and if in-group analysis (means) we did not identified
changes, some of them (e.g. fat or unfit students) can feel more the tiredness effects.
Additionally, negative reports especially from students help us to explain the lack of
positive cognitive effects and even some negative effects.

In addition to the understand stakeholders perceptions, the identification of
potential determinants of success is a crucial evaluation phase of behavior change
interventions (BAUMAN et al., 2012; GARDNER et al., 2016). Compared to general
physical activity or sedentary behaviors intervention, it was suppose that within
classroom intervention has few determinants and, in turn, can be easily be
implemented. However, we observed that it is not so simply. To facilitate the
overview, we frame the reports of determinants by hierarchical levels. While teachers
pointed higher levels (e.g. political, pedagogical), students and parents focused in
lower ones (e.g. intrapersonal). This was expected once teachers have an unbiased

view for the general system, whereas students and parents tend to worry in individual
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level. These findings reinforce the role of teachers as a key agent in classroom
intervention, but also highlight the importance of multi-component/level interventions.
Although the furniture represents an important component, it should not be isolate;
and among factors, teacher empowerment (training and motivation) seems essential.

One of the first challenges seems does the sedentary behavior problem
understand. Even that benefit of regular practice of physical activity are widely
known, sedentary behavior represents a novel paradigm and can confuse the
stakeholders. Also, the social construction of sitting habit in modern society is not
easily change. Thus, extensive informative sessions in beginning could help the
development of the intervention. Here, we conducted six session of training with
teachers. The first two were essentially informative, focusing in theoretical contents.
Our perception is that these sessions were fundamental for teachers’ awareness and
motivation. Once teachers are convincing of the problem, they are able to transmit it
through directly and indirectly way. The same can be supposing to parents. We
conducted an initial session with parents to present the project and invite them to
participate. In these sessions was perceptive how unconvinced parents can
influenced other parents and students. Also, we had sporadic meetings with students
to talk, to show motivational medias and to instruct correct ways to use the standing
desks. In the same way, although majority of students firstly welcomed the new
classroom organization, we observed that some unconvinced and unmotivated
students had influence on others.

During intervention period we had been open to students and parents
opinions, however, intermediated actions was mainly focused on teachers. Firstly, we
believed that involvement of teachers was essential and those who are present in all
training sessions received professional credits for carrier progression within
educational system. Most of teachers participated and had actively contributions
during training sessions. Maybe the engagement could be not so expressive if
teachers have no recompense or counterpart. One of the recurrent reports from
teachers was related to educational system which urges much content transmission.
In fact, classroom interventions - and especially smaller scale ones - need support by
school principals to avoid any prejudice for teacher or students. Among higher scales
interventions (e.g. involvement of several schools and classes of a specific or more

than one city), the political efforts are warranted. Teachers reported that one of the
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barriers of more intensive use of desks is the curriculum pressure and they avoided
postural change - and thus any possibility of noise - when needed to fulfill lessons.

Other frequent barrier reported by teachers was the unfamiliarity of
pedagogical strategies to effectively working with the standing desks. Although desks
that allow postural transition and movement during classes represent a pedagogical
tool, best practices and ways to implement it needs more investigation. Initially, it was
supposed that the same activities could be performed, but in different postures or
transitions. However, based on teachers’ reports, we observed that, in fact, the
communication between teachers and students needed be changed. Classically,
sitting position of students was adopted for, among other facilities, to allow teacher
control. When student stand and move around, the classroom dynamic change. In
other words, the question of teachers was "how can | effectively work with standing
desks?” Because it is a novel field of research, the answer of this question have to be
tested in different contexts. In the current study, we tried to build feasible ways to
implement the new furniture together through participatory approach (in person and
through online social network), but more studies are really warranted. Yet, the
specificity of each school subject should be considered. Some disciplines allow more
flexibility in terms of strategies. For example, visual arts teacher reported that the
standing desks allow more freedom of movement to perform practical tasks.
However, more theoretical disciplines centered on teacher could be less flexible in
this regard. What seems clear is that classroom standing desks could not be the
focus of the class, but as a way through attempt more effectively learning and health
promotion.

Barriers related to classroom environment were also frequently reported by
students, parents and teachers. Size of classroom, number of students, and structure
to store not used materials or other facilities and own standing desk characteristics
had influence on intervention conduction. Importantly, previous studies failed to
describe these details. As previously showed, our intervention was effective to
reduce sitting time through the replacement for standing time. One of the reasons for
no changes in step counts or other physical activity outcomes may have been the
intervention classroom characteristics which not allowed much flexibility in terms of
movement (Figure 12). In order to overcome it, we removed the stools in specific
weeks to enable standing classes with better movement conditions (increased

classroom space and mobility). Although this strategy was effective to reduce a large
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amount of sitting time with no compensatory effect outside school, we observed that
classes without stools negatively affected the perceptions of some students and
parents regarding the desks. Stand for long periods without moving has the potential
to increase neck and back pain, also leading in a reduction of blood pressure.
Probably it was aggressive for students and contributed to bad overall perception of
students, which can be observed through low proportion of students with desire to
continue using the new furniture. More gradual changes in classroom environment
should be important for next interventions.

Personal-level barriers must also be considered. Probably this kind of
intervention requires different strategy according subjects characteristics; and it
constitutes a challenge to their application in wider scale once imply no general
recommendation. Thus, we suggest that more lower scale studies be conducted
before broader application. In general, more obese and unfit subjects tend to feel
more tired and, in turn, showing worst perception of the standing desks. Individual
physical adaptation also has to be respected. This issue also leads to the polemical
way to implement the break of sitting time. If students had freedom to choice, classes
can be disturb for noise or problems related to differences in stature among students
(taller can disturb shorter students). However, if the use is administrated by the
teachers, individual preferences and conditions is more difficult to be respect.
Teachers reported that the organization of class in U-format was one of the most
effective ways to allow freedom of choice.

Limitations of the current study need to be point out. Loses of post
intervention information of parents may have influence on results. Once the access of
students and teachers are easier in school setting (no loses), even with several tries
we did not received feedback for eleven parents and four students were not
represented. Also, the small sample size and the adoption of a single intervention
class might have favored homogeneous responses and even contamination of
opinions. However, for the first time out of developed countries, we tested novel
classroom furniture and showed perceptions of stakeholders with regards their use.

Finally, we hope that the insights discussed here could help future
interventions and the development of the field. We found good acceptance of
classroom standing desks by teachers, but moderate and low acceptance by parents
and students, respectively. Although it seems a promising strategy to concomitant

improve health and educational system, more robust evidence are needed before
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large scale application. Listening students, parents and teacher, we observed that
multi-level actions are warranted more than only replacement of classroom furniture.
Long-term trials in different contexts can provide additional information for effective
future application. Obviously, this paradigm change is not simply and requires efforts

in different levels.
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5 CONSIDERACOES FINAIS

De acordo com a concepcgdo inicialmente apresentada, a presente
investigagcdo procurou testar um novo paradigma de organizagdo da sala de aula.
Por se tratar de um tema recente, as primeiras dificuldades foram encontradas na
implantacdo e convencimento dos diferentes atores envolvidos. Por isso, optamos
pela abordagem em multiplos niveis e componentes de intervengdo, com agdes
focadas no ambiente fisico (adaptacbes gerais na sala de aula) e social (agdes de
motivacdo com pais e alunos, bem como, sessfes de treinamento com os
professores para o uso das novas mesas), na perspectiva de otimizarmos os
potenciais efeitos da interveng&o proposta.

Dentre os desfechos mais claros, as duas primeiras questdes estiveram
relacionadas a efetividade da intervengao, mas especificamente ao novo mobiliario,
em reduzir o tempo sentado durante as aulas, e a viabilidade de tal conduta
considerando as 24 h do dia dos alunos. De fato, observamos que a intervencéo foi
efetiva em reduzir aproximadamente 40 min do tempo sentado no ambiente escolar,
nao sendo identificados efeitos compensatorios nos outros periodos do dia.
Principalmente pelas caracteristicas da sala de aula, das mesas e pela quantidade
de alunos na sala, identificamos que o tempo reduzido em comportamento
sedentario foi substituido pela postura em pé, embora sem movimentagao
significativa. Verificamos, ainda, que o novo mobiliario de sala de aula apresentou
potencial para reduzir em mais de 20% o tempo sedentario total do dia dos
adolescentes analisados. Por outro lado, mesmo com uma intervengdo mais
agressiva (sem cadeiras em sala de aula), ndo encontramos efeito compensatorio
fora do ambiente escolar. Portanto, as estagdes de aprendizagem de altura ajustavel
em sala parecem reduzir o tempo sentado durante as aulas, sendo essa redugao
observada no total do dia (soma dos dominios).

Os possiveis efeitos da intervengao ou, ainda, do tempo reduzido em
comportamento sedentario, durante as aulas, também, foram analisados, na
perspectiva da cognicdo e do desempenho académico. Esses desfechos
caracterizam uma importante parcela do apelo para este tipo de intervencdo, uma
vez que criancas/adolescentes e seus pais muitas vezes nao estdo diretamente
preocupados com a saude, mas sim com o desempenho cognitivo e académico, em

virtude do anseio pela entrada na universidade e por atingir sucesso na futura
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carreira profissional. Dos quatro testes aplicados para diferentes fungbes cognitivas,
identificamos efeitos negativos da intervengdo em dois deles (memaria operacional e
inteligéncia fluida). Em contrapartida, nenhum efeito sobre o desempenho
académico foi revelado. Logo, considerando os procedimentos metodologicos
adotados neste estudo, nossos resultados para essas variaveis, especificamente,
podem ser considerados inconclusivos. A principal premissa estabelecida em
estudos do género é que determinadas exposi¢gdes podem alterar, nesta ordem, a
ativagao, estrutura cerebral, capacidades cognitivas e funcionais. Todavia, apesar de
termos identificados efeitos negativos em capacidades cognitivas, as quais devem
ser consideradas, essas nao afetaram o desempenho académico (capacidade
funcional). Portanto, intervengdes com maior periodo de acompanhamento parecem
necessarias para elucidar os efeitos do uso das mesas de altura ajustavel sobre
funcdes centrais e funcionais especificas.

Apos os resultados, predominantemente quantitativos, que nos ajudaram a
avaliar os efeitos da intervengao proposta nos desfechos principais (comportamento
sedentario, atividade fisica, cognigcdo e desempenho académico), optamos por uma
abordagem mais qualitativa a fim de perceber a aceitabilidade, barreiras e
facilitadores relacionados ao uso das novas mesas, bem como os determinantes
reportados por alunos, pais e professores para o sucesso de estratégias de
modificagdo do mobiliario de sala de aula.

Nesse sentido, nossos resultados revelaram que a estagao de aprendizagem
de altura ajustavel deve ser considerada apenas um meio para se atingir diferentes
fins e que, de forma isolada, ndo deve ser tratada como a solugdo para os
problemas em sala de aula, ou seja, confirmamos a importancia de ag¢des em
multiplos niveis para a mudanca comportamental nesse ambiente. Primeiro,
identificamos a necessidade de alunos, professores e pais estarem conscientes da
independéncia entre atividade fisica e comportamento sedentario, mas, sobretudo,
sobre os riscos inerentes aos ininterruptos bouts de tempo sedentario. Esse nos
parece ser um primeiro passo para o convencimento relativamente a intervencgao.
Concomitante a isso, os professores precisam ser treinados e empoderados
pedagogicamente, além de disporem de um ambiente fisico adequado para
intervencdes. De forma interessante, alguns professores reportaram inclusive
determinantes mais amplos, como a restruturagao do curriculo (muita presséo para a

transmissao de conteudos) e apoio institucional e politico.
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Resumidamente, com base nas informacdes empiricas (quantitativas e
qualitativas) produzidas neste estudo, podemos expor um posicionamento mais
global da situagao que vivenciamos. A intervengao proposta se mostrou efetiva para
a reducao do tempo sentado em sala de aula, com efeitos inconclusivos sobre os
aspectos cognitivos e académicos, embora com uma baixa aceitabilidade por parte
dos alunos e pais. Entre os principais relatos sobre a insatisfagdo com o uso das
mesas, ambos, alunos e pais, reportavam as semanas que nao tiveram cadeiras na
sala. Esse apontamento € especialmente importante para diferenciar a intervengao
completa (16 semanas) das trés referidas semanas. De qualquer forma, essa foi
uma estratégia pensada para que os alunos pudessem experenciar uma nova
dindmica em sala de aula, sem as cadeiras que limitavam a movimentacdo das
mesas, de forma a proporcionar aulas mais atrativas e o gosto por esta nova
estratégia.

Por fim, destacamos a importancia de mudancas graduais como
determinante para o sucesso de intervencdes similares. A substituicdo do mobiliario
tradicional de sala de aula por estagdes de aprendizagem de altura ajustavel
representa uma area proficua para futuras investigacbes. Dentre as suas
potencialidades, esta o fato de poder atuar na reconstrugdo da escola (fisica e
pedagogicamente), concomitante, a promogao de comportamentos saudaveis entre
os jovens. Acreditamos que os resultados desta investigagdo contribuirdo para a
realizacdo de futuras pesquisas que possam, em um futuro breve, gerar as

mudancgas de paradigma necessarias para o ambiente escolar.
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APENDICE A

Termo de consentimento livre e esclarecido

lJ \v Eca de Queiros
L.l.S.E-n.h f m H ECA DE QUEIROS ' Q

Consentimento Informado

Foi solicitada a participagdo do meu educando no projeto ERGUER/Portugal, cujo
objetivo € analisar os efeitos da utilizagdo de “estagdes de aprendizagem em pé” no
comportamento sedentario, atividade fisica e fungées mentais executivas nos alunos
do 6.°A. Este projeto consiste nhum ensaio experimental, que durara de janeiro a
junho de 2016, com dois momentos de avaliagdo padronizada (antes e apos).

A participagao do meu educando inclui a realizacao de avaliacdo do comportamento
sedentario, atividade fisica e fungdes cognitivas. Todos os procedimentos
acontecerao na Escola Secundaria Eca de Queirés.

Ao concordar com a participagdo do meu educando no projeto, sera um importante
contributo para o avango do conhecimento cientifico nesta area.

1. As avaliagbes serdo efetuadas através das seguintes técnicas:

1.1.Comportamento sedentario e atividade fisica - avaliacdo dos padrdes
comportamentais por meio de um inclindmetro durante 7 dias consecutivos.

1.2.Funcdo mental executiva — realizacdo de testes manuais ou
computadorizados que solicitam tomada de decisdo face a desafios
estabelecidos. Os testes a realizar serdao: D2 (atengéo), Figuras Complexas
de Rey (memoria), Matrizes Progressivas de Raven (nivel cognitivo); Blocos
de Corsi (nivel cognitivo) e testes de cores de Stroop (atengao).

2. A realizagdo, apuramento de resultados e interpretacdo das técnicas acima
descritas serdo efetuadas por profissionais especializados e credenciados em
cada uma das técnicas.

3. Concordo que os resultados deste projeto possam ser publicados, mas o nome
do meu educando ou identidade néo serdo revelados. No sentido de manter a
confidencialidade dos registos, a equipa responsavel pela sua recolha, codificara
a identidade dos alunos.

4. Sei que nao me é devida qualquer compensacdo monetaria pela participacédo do
meu educando neste estudo.
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5. Quaisquer questdes/duvidas, que possam surgir relativas ao projeto ou a
participacdo do meu educando no estudo, serdo sempre respondidas pelo
coordenador do projeto ou pela diregao da escola.

6. Em caso de danificagdo involuntaria do inclinometro, ndo serei responsavel pelo
mesmo.

7. Declaro que recebi uma copia deste formulario. Apos ter lido e compreendido o
significado da informacéao referida na folha e retiradas todas as minhas duvidas
em relagdo ao projeto, declaro que aceito e autorizo a participagdo do meu
educando no projeto ERGUER/Portugal, nas condi¢gdes indicadas no presente
consentimento informado.

Responsavel

Nome do participante

Data:

8. Eu certifico que expliquei ao responsavel pelo participante supracitado a
natureza, o objetivo e os potenciais beneficios associados a sua participagao
neste programa. Respondi a todas as questbes que foram colocadas e
testemunhei a assinatura acima realizada.

9. Eu providenciei uma copia deste formulario ao responsavel pelo participante no
projeto.

O Coordenador Operacional do projeto

(Aluno de Doutoramento Danilo Silva)
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APENDICE B

Questionario aplicado aos alunos

ID:
DATA: / /

Em geral, consideras a tua saude:
)Ma ( )Regular ( )Boa ( )Excelente

Sentes dores no corpo?

)Nunca ( )Poucasvezes ( )Quasesempre ( )Sempre

. Como avalias o stress que tens natuavida?

) Nunca tenho ( ) Poucas vezestenho ( ) Tenho quase sempre

) Tenho sempre

Com que frequéncia te tens sentido triste ou deprimido?

)Nunca ( )Poucasvezes ( )Quasesempre ( )Sempre

. Com que frequéncia € que achas que dormes bem?

)Nunca ( )Poucasvezes ( )Quasesempre ( )Sempre

. Em relagéo ao teu relacionamento com colegas de escola, estés:

) Muito insatisfeito () Insatisfeito ( ) Satisfeito ( ) Muito satisfeito

Em relacdo ao teu relacionamento com os professores, estas:

) Muito insatisfeito () Insatisfeito ( ) Satisfeito ( ) Muito satisfeito

. Sentes-te feliz em vir para a escola?

)Nunca ( )Poucasvezes ( )Quasesempre ( )Sempre

. Como classificas o teu desempenho escolar?

)Mau ( )Regular ( )Bom ( ) Muito bom
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10. Como vens para a escola?
( )Carro ( )Autocarro ( )Metro ( )Apé ( )De bicicleta

11. Participas em algum programa de exercicio fisico ou desporto fora da
escola?
( )Sim ( )Nao

Se sim, qual?

E quantas vezes treinas por semana?

12. Diz em poucas palavras o que achou de vantagens sobre as mesas de

trabalho da tua sala de aula:

13. Diz em poucas palavras o que achou de desvantagens sobre mesas de

trabalho da tua sala de aula:

14. Quando estou em pé durante as aulas:
a) Aproveito mais as aulas: ( ) Sim () Nao
b) Concentro mais nas minhas tarefas: ( ) Sim ( ) Nao
c) Sinto-me com mais energia ao dia: ( ) Sim () N&o
d) Tenho dificuldades para prestar atengdo: ( ) Sim ( ) Nao
e) Sou facilmente distraido: ( ) Sim () Nao
f) Sinto dores nas pernas e/ou coluna: ( ) Sim ( ) Nao
g) Sinto-me muito cansado depois das aulas: ( ) Sim ( ) Nao

h) Sou menos ativo fora da escola: ( ) Sim ( ) Nao

15. Gostarias de continuar a usar as mesas "Sobe e Desce"?
( )Sim ( )Nao

Justifique sua resposta:
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APENDICE C

Questionario aplicado aos pais ou responsaveis

INSTRUCOES PARA O PRENCHIMENTO

e Procure fornecer as informacgdes indicando-as com um “X” ou preenchendo os
espagos no questionario;

e Evite deixar as respostas em branco;

e Lembramos que as informagdes serao utilizadas somente para fins de
investigacao;

e Sua participagao € muito importante, obrigado!

Numero do aluno na turma:
Idade da méae:

Peso da mae:

Estatura da méae:

1. Quantas horas por dia despendes sentada (méae)?
No trabalho: h min
No lazer (e casa e nos tempos-livres): h min

2. Participas de algum tipo de exercicio fisico/atividade desportiva (mae):
( )Sim ( )Nao

Se sim,

Ha quanto tempo? meses

Com que frequéncia? dias por semana
Duragado por dia? _ min

3. Como classificas o desempenho escolar do seu educando?
( YMau ( )Regular ( )Bom ( ) Muito bom

4. Como classificas a interacao social do seu educando no ambiente
escolar?
( YMau ( )Regular ( )Boa ( ) Muito boa
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5. Quantas horas por dia 0 seu educando despende sentado em frente ao
ecra (televisdo, computador, telemovel, etc.), fora da escola, em um dia
normal?

De segunda a sexta-feira: h min
Aos sabados e domingos: h min

6. O seu educando participa de algum tipo de exercicio fisico/atividade

desportiva fora da escola?

( )Sim ( )Nao

Se sim,

Ha quanto tempo? meses
Com que frequéncia? dias/sem
Duracéo por dia? min

Se nao, qual a razao?

7. Em poucas palavras, qual € a sua opinido em relacdo a experiéncia dos
alunos com as mesas usadas neste estudo? Quais 0s pontos positivos e
negativos?

8. Percebeste alguma mudanca cognitiva, comportamental ou fisica no seu
educando desde que comecou a usar as mesas?

9. Achas que o seu educando deve continuar a usar as mesas de altura

ajustavel durante as aulas?
( )Sim ( )Nao

Justifique brevemente:
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APENDICE D

Questionario aplicado aos professores

Nome:

Data: / /

Idade:  anos

Ha quanto tempo leciona? __ anos

Carga horaria em sala de aula: horas/semana

Tens outro emprego? ( ) Sim ( ) Nao

1. Quantas horas por dia despende sentado?
No trabalho: h min
Fora dos periodos de trabalho: h min

2. Participa em algum tipo de exercicio fisico/atividade desportiva?
( )Sim ( )Nao

Se sim,

Ha quanto tempo? meses
Com que frequéncia? dias/sem
Duragao pordia? __ min

3. Como avalia o stress na sua vida?
( )Nunca ( )Poucasvezes ( )Quasesempre ( ) Sempre

4. No geral, como classifica o comportamento dos alunos nas suas aulas?
( )Mau ( )Regular ( )Bom ( ) Muito bom

5. Como classifica a interacéo social entre os alunos nas suas aulas?
( )Ma ( )Regular ( )Boa ( )Muitoboa

6. Como classifica a aguisicéo e retencdo de contetddos na sua disciplina?
( YMa ( )Regular ( )Boa ( ) Muitoboa

7. Caso tenhas aulas com as duas turmas envolvidas no estudo (6°A e do
6°B), percebeste alguma diferenca entre os alunos durante o
acompanhamento (Janeiro até Maio) que possa ser atribuida as mesas?
( )Sim ( )Nao ( )Nao se aplica
Se sim, quais?
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8. Do total das aulas dadas, qual o percentual de aulas, aproximadamente,
em que os alunos estiveram ao menos algum momento em pé (com o
uso das mesas)?

% das aulas

9. Destas aulas, qual o percentual do tempo da aula (50 min),
aproximadamente, em que os alunos estiveram em pe?
% do tempo

10.Em poucas palavras, qual é a sua opinidao em relacdo a experiéncia com
as mesas usadas neste estudo? Quais as suas vantagens e
desvantagens?

11.Quais sao os principais pontos que julgas como determinante para o
sucesso destas mesas como ferramenta pedagogica?

12.Vossa percepcao com relagdo aos momentos em que os alunos
estiveram em pé (com o uso da mesa) durante as aulas:
a) Aproveitam mais as aulas: ( ) Sim () N&o
b) Concentram-se mais: ( ) Sim ( ) N&o
d) Tém dificuldades para prestar atencdo: ( ) Sim ( ) Nao
e) Sao mais facilmente distraidos: ( ) Sim () Nao
f) Relatam dores nas pernas e/ou coluna: ( ) Sim () Nao

g) Sentem-se cansados: ( ) Sim ( ) Nao

13.Tens motivagcédo para continuar a usar as mesas de altura ajustavel nas
suas aulas?
( )Sim ( )Nao

Justifique brevemente:
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APENDICE E

Instrugdes para o uso dos sensores de movimento

Inclinébmetro
™ e O dispositivo estara afixado na linha medio-anterior da coxa
‘/“? j direita.
i3 T

e Deve ser utilizado continuamente, exceto em atividades de piscina.

e Se perceber que durante o banho a dgua esta a infiltrar na fita
adesiva, retire o dispositivo e leve no dia seguinte a escola para a
recolocagao.

N

¢ Durante a semana de uso, levar uns calgdes na mochila caso seja
necessario a verificagao do dispositivo.

Acelerometro

Prenda o cinto confortavelmente, por baixo ou por cima
da roupa, de modo a que o aparelho nao se mova.

Posicione-o sempre do lado direito do corpo, logo acima AN g 1 -
da crista iliaca, na linha axilar. O pino preto deve estar N .
para cima. " '

Coloque-o assim que acordar e retire-o apenas para
atividades aquaticas (inclusive banho) e para dormir.

Como dica para nao esquecer de coloca-lo, deixe-o0
proximo da cama ou telemével de modo a que o0 possa
ver assim que acordar. A mesma ideia para o banho.

v Ambos os aparelhos serdo usados durante 7 dias consecutivos.
v' Deve manter os seus comportamentos normais durante esses
dias.
v" Lembre-se de completar o diario todos os dias (anexo).

v Em caso de duvidas, contactar:

Danilo Silva
e-mail: danilorpsilva@gmail.com
Telemodvel: 937236904



