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Abstract

Active Classrooms: Development and evaluation of a movement integration
intervention to increase physical activity levels of primary school children

Rosemarie Martin

Physical inactivity is recognised as an international public health issue with less than 20%
of children globally achieving the recommended 60 minutes of moderate-to-vigorous
physical activity (MVPA) per day for health benefits (WHO 2010). School-based
physical activity (PA) interventions have been acknowledged as a key strategy for
reaching the majority of children (WHO 2010). The five articles presented in this thesis
explore the design, implementation and evaluation of a movement integration (MI)
intervention (incorporation of PA into academic lessons) on the MVPA levels of primary
school children. The acceptability of this teaching method by teachers and students is also
assessed.

A systematic literature review was conducted to assess the effectiveness of MI
interventions on PA, learning, facilitators of learning and health outcomes. Fifteen studies
met the inclusion criteria. Six studies that reported PA levels were found to have medium-
to-large effect sizes. All four studies reporting learning outcomes reported positive
effects. Teachers and students were pleased with the programmes and enhanced on-task-
behaviour was identified (n=3). Positive effects were also reported on students’ BMI
levels (n=3). These findings informed the development of a behaviour change
intervention for teachers guided by the Behaviour Change Wheel (BCW) framework
(Michie et al. 2011). A pilot study was conducted with one classroom teacher and her
students (n=28) to evaluate the effectiveness of MI lessons on students’ MVPA levels.
The teacher taught one active Maths lesson and one active English lesson each day for a
week. Usual classroom lessons served as a control. Teacher and student satisfaction were
also evaluated. Results demonstrated that MI lessons were effective in eliciting time in
MVPA (p<.01) (mean 8 minutes daily) as well as being well received by the students and
the teacher.

These findings from the pilot study then informed the refinement of the ‘Active
Classrooms’ protocol and conduct of a cluster randomised controlled trial to assess the
effectiveness of the programme on the MVPA levels of students during class-time and
throughout the school day. Ten teachers in randomly selected schools and their students
(n=248) agreed to participate. The intervention group participated in two MI lessons daily
(one Maths and one English) taught by the classroom teacher for 8§ weeks. PA was
measured using accelerometers at baseline, during the final week of the intervention and
at follow-up after 4 months. A repeated measures ANCOVA identified a significant
difference for change in daily class time MVPA between the intervention group and
control group from pre- to post- intervention (p<.001) and this difference was maintained
at follow-up (p<.001). No significant difference emerged for change in school day MVPA
between the groups from pre- to post- intervention (p=.52) or follow-up (p=.09).
Teachers’ (n=5) perceptions of the effectiveness and use of the intervention were assessed
using questionnaire data, and students’ enjoyment of the programme was evaluated using
a draw-and-write technique (n=129) and focus group discussions (n=20) post-
intervention. Teachers and students were highly satisfied with the programme
emphasising enjoyment, health benefits and enhanced teaching and learning as

iii



contributing to its success. Since teachers are central change agents their acceptability of
the programme is key to its effectiveness.

The focus on teacher behaviour through the BCW framework (Michie et al 2011) in the
design of a MI intervention contributes to the uniqueness of the study. While the
limitations of this study must be taken into consideration, these findings provide evidence
for MI as an effective and implementable strategy to increase MVPA which has important
implications for the health of primary school children.

Keywords: movement integration, physical activity, accelerometer, draw and write,
enjoyment, teacher approval, randomised controlled trial
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INTRODUCTION



Chapter 1: Introduction

1.1 Introduction
This thesis explores the development of a classroom-based physical activity (PA)

intervention and evaluates its effects on the PA levels of primary school children. Chapter
1 places this thesis in context by outlining background information of the problem being
explored. In doing so, a rationale underpinning the overall research project is outlined.
Research objectives undertaken and reported in the thesis are set out. The structure of the

thesis and its integral components are also outlined.

1.2 Rationale for the research

There is increasing research evidence of the declining daily PA levels of children
throughout the world. It has been reported that less than 20% of children globally are
achieving the recommended 60 minutes of moderate-to-vigorous physical activity
(MVPA) per day for health benefits (WHO 2010). In most European countries, PA begins
to decline significantly in children between the ages of 11-15 years (WHO 2016). This
decline has been identified particularly in girls with more than 86% of 15-year-old girls
considered to be physically inactive (Currie 2008, WHO 2016). These high levels of
physical inactivity track across phases of life into adulthood (Twisk et al. 2000), are
linked to obesity, cardiovascular disease, coronary heart disease, hypertension, type 2
diabetes, and cancer and have resulted in higher rates of morbidity and mortality
throughout the world (Naylor and McKay 2009, WHO 2010). These high rates of
inactivity are also particularly true to Ireland with 70% of boys and 84% of girls aged 9-
18 years not achieving 60 mins of PA daily (Inchley et al. 2016). Increasingly sedentary
living and school environments are thought to have contributed to physically inactive
lifestyles with children spending more time engaging with technology and screen-based

activities than engaging in PA (Hamilton et al. 2008).

Schools internationally have been recognised as a key location to intervene as the
majority of children attend school and targeting this age group may encourage physically
active behaviours to continue into adulthood (Twisk et al. 2000, GAPA 2010, WHO
2016). However, ironically schools have been identified as significant sedentary
environments with children spending the majority of their day seated to receive
instruction (Nettlefold et al. 2011, Hegarty et al. 2013). Therefore, in an effort to combat

inactivity amongst children in schools the Institute of Medicine has recommended that
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children accumulate at least 30 minutes of MVPA during school hours (Kohl and Cook
2013). The Department of Education and Skills in Ireland (Curriculum and Assessment
Policy Unit 2016) recently released a circular (0013/2016) recommending that all primary
schools develop a formal plan to promote PA outside of the Physical Education (PE)
curriculum. However, with an already over-crowded curriculum, assessment pressures
and emphasis on general academic subjects such as literacy and numeracy, teachers face
a lack of time for PA breaks. Therefore, methods of integrating PA into the academic

curriculum are necessary.

The Centers for Disease Control and Prevention (2013) supports the Comprehensive
School Physical Activity Programme (CSPAP) which provides guidelines to schools to
enable all students to accumulate 60 minutes of MVPA during the school day. It suggests
that students must be provided with multiple opportunities to access PA throughout the
school day. One component of the programme includes the integration of PA into
classroom lessons. This infusion of PA into general education lessons has been termed
movement integration (IOM 2013). Unlike PA breaks which provide active breaks
throughout the day, movement integration intends to engage students in PA during
instruction of the existing curriculum (Martin and Murtagh 2015; McMullen et al. 2016).
Two previous systematic literature reviews identified 16 published interventions which
integrate PA into academic lessons (Norris et al. 2015, Webster et al. 2015). These
existing interventions have illustrated that academic lessons which integrate movement
not only positively impact students’ PA levels but also improve their health, academic
achievement, concentration, classroom behaviour and time-on-task (Norris et al. 2015,
de Greeff et al. 2016). These findings stand in contrast to some teachers’ beliefs that
lessons integrating movement reduce academic teaching time and interrupt learning
(Morgan and Hansen 2008). It is also apparent that opportunities to increase the PA levels
of a large population of children can be provided by altering teaching methods to those
requiring students to be more physically active as part of the academic curriculum, since
the students are under the instruction of the teacher. By integrating PA and curricular
content, teachers can focus on academic teaching objectives while also providing greater
opportunities for their students to engage in additional PA. This method also contributes
to experiential/kinaesthetic learning which emphasises involving students for effective
learning (Lengel and Kuczala 2010). Therefore, there is strong evidence to support the
CSPAP (Centers for Disease Control and Prevention 2013) recommendation of

integrating PA into academic lessons in the classroom.



While the literature referred to above highlights the need for increased PA during school
time and supports the concept of movement integration as an effective means to improve
PA levels of children, a systematic review of movement integration interventions
(Chapter 2: Part B) identified many specific research gaps which motivate the research

undertaken in this thesis:

e [t has been recognised that many movement integration interventions have not
considered theory in their development or analysis (Norris et al. 2015). Such
interventions have been criticised as lacking theoretical grounding and valid basis
for their development (Michie et al. 2009). Implementation Science encourages
the scientific development and reporting of behaviour change interventions which
allow specific functional components responsible for observed changes to be
clearly identified and replicated (Dombrowski et al. 2007). The Behaviour
Change Wheel (Michie et al. 2011a) framework outlines a systematic process to
intervention development which is based on an initial evaluation of the target
behaviour in context, then identification of specific evidence-based behaviour
change techniques. The use of this framework in the development of the current
intervention intends to enhance replication, implementation and evidence
synthesis.

¢ The need to undertake robust research studies to evaluate the effects of movement
integration interventions has been highlighted in the literature (Chapter 2: Part B).
Few movement integration studies evaluated their primary outcomes using
randomised controlled trials or cluster randomised controlled trials. Since these
are regarded as the most rigorous methods of determining the effectiveness of an
intervention (Moher et al. 2010) a cluster randomised controlled trial has been
employed in the current study.

® To ensure effective implementation of interventions it has been emphasised that
the needs of their primary implementers and key stakeholders should be central
to their development (Meyers et al. 2012, Michie et al. 2014). Teachers and
students are the primary stakeholders of classroom-based interventions. Failure to
identify and overcome barriers for teachers to implement such interventions
results in implementation failure (Han and Weiss 2005) and enjoyment
experienced by students has been found to influence effectiveness of PA
interventions. Presenting students with programmes they enjoy results in high

participation and positive results (Dishman er al. 2005). This enjoyment also
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influences teacher approval of classroom-based PA interventions (McMullen et
al. 2016). Despite this evidence few existing movement integration interventions
evaluate teacher and student perceptions. Therefore, teacher approval and student

enjoyment are outcomes which will be evaluated in the current study.

1.3 Research aims
The overall research aim is to design a movement integration intervention linked to the

academic content of the Irish Primary School curriculum and evaluate its effects on the
MVPA levels of primary school children. The primary outcome is change in minutes of
MVPA measured using accelerometers. Secondary outcomes are teacher and student
satisfaction with the programme and its implementation. Teacher satisfaction will be
evaluated through open-ended and closed questionnaire items. The write and draw
technique and focus group discussions will be used to evaluate student enjoyment of the

programme.

1.4 Thesis Structure and Objectives

This thesis is presented in the form of an article-based thesis. Five peer-reviewed journal
articles which have either been published or accepted for publication in international
peer-reviewed journals form the core of this thesis. The full references and specific

research objectives addressed in each of these articles are outlined below:
Chapter 2: Part B:

Martin, R. and Murtagh, E. M. (2017) ‘Effect of active lessons on physical
activity, academic, and health outcomes: A systematic review’, Research
Quarterly for Exercise and Sport, (accepted for publication, 3.2.2017, See
Appendix Q), http://dx.doi.org/10.1080/02701367.2017.1294244

Objectives:
e to identify existing classroom-based PA interventions which integrate
academic content
e to assess the effect of the interventions on PA, learning, facilitators of
learning, and health outcomes

¢ to identify research gaps in the literature
Chapter 3:

Martin, R. and Murtagh, E. M. (2015) 'Preliminary findings of Active Classrooms:

An intervention to increase physical activity levels of primary school children
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during class time', Teaching and Teacher Education, 52, 113-127. ISSN: 0742-
051X, http://dx.doi.org/10.1016/.tate.2015.09.007

Objectives:
e to evaluate the MVPA levels of the participants during the intervention

lessons

e to evaluate teacher and student acceptability of the intervention programme

Chapter 4:

Martin, R. and Murtagh, E. M. (2015) 'An intervention to improve the physical
activity levels of children: Design and rationale of the ‘Active Classrooms’ cluster
randomised controlled trial', Contemporary Clinical Trials, 41(0), 180-191.
ISSN: 1551-7144, http://dx.doi.org/10.1016/].cct.2015.01.019

Objective:
e todescribe and provide a rationale for the methodological procedures used to
design, implement and evaluate the effectiveness of the ‘Active Classrooms’

intervention
Chapter 5:

Martin, R. and Murtagh, E. M. (2017) ‘Active Classrooms: A cluster randomised
controlled trial evaluating the effects of a movement integration intervention on
the physical activity levels of primary school children’, Journal of Physical

Activity and Health, 14, 290-300, http://dx.doi.org/10.1123/jpah.2016-0358

Objectives:
e to integrate PA into the teaching of English and Mathematics academic
content of the Irish Primary School Curriculum
® to evaluate the effectiveness of the programme on students’ minutes in MVPA
by obtaining objective accelerometer data
® to evaluate teacher acceptability of the programme and teacher ratings of their

students’ engagement in the programme
Chapter 6:

Martin, R. and Murtagh, E. M. (2017) ‘Teachers’ and students’ perspectives of

participating in the ‘Active Classrooms’ movement integration programme’,
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Teaching and Teacher Education, 63, 218-230,
http://dx.doi.org/10.1016/j.tate.2017.01.002

Objective:

e to evaluate student enjoyment and explore teacher insights of their experiences of

participating in the programme

1.5 Thesis Outline
This thesis is presented as follows: Chapter 2 comprises two parts. Part-A situates the

topic under investigation within PA and health literature. A rationale for improving PA
levels for the health benefits of children is presented and the concept of movement
integration is broadly defined. Part B presents a peer-reviewed and published systematic
literature review of movement integration interventions and identifies limitations in the
existing studies. Chapter 3 is a peer-reviewed and published article which describes the
pilot study undertaken to determine the effectiveness of the intervention lessons on the
MVPA levels of the participants. Teacher acceptability and student enjoyment of the
lessons are also evaluated. Chapter 4 is a peer-reviewed and published article which
outlines and rationalises the methods employed to address the research aims of this thesis.
Chapter 5 is a peer-reviewed and published article which presents results of the cluster
randomised controlled trial and relates these findings to previous similar studies. Chapter
6 is also a peer-reviewed and published article, which gives teachers and students a voice
by describing their perspectives of participating in the programme. Finally, Chapter 7
synthesises the findings of the previous chapters and discusses them in light of the
research objectives. The contribution of the study to the broader existent literature is
emphasised. In addition, this chapter presents the overall conclusions of this thesis and

suggests a series of future research recommendations.
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LITERATURE REVIEW



Chapter 2: Literature Review

Part A: Physical Activity for Health in Children

2.1 Introduction
The following literature review describes the health benefits of PA with an emphasis on

the health benefits for children. It considers the current international and Irish PA
recommendations for children and it looks at the levels of PA children are presently
achieving. This will be considered as a rationale for the importance of increasing
children’s PA levels and using the school as a place for intervention. PA levels of children
during the school day are considered and will be used to justify the importance of
integrating PA into the classroom ensuring that PA levels during class time are increased.
Existing school- and classroom-based PA interventions and their effectiveness are

presented, and the barriers preventing them from occurring are discussed.

2.2 Physical Activity and Health
With many innovations in technologies in the 21% century, everyday life offers fewer

opportunities for PA compared to that of our pre-technology predecessors. There is much
data available to indicate that many children in westernised societies are not participating
in sufficient PA due to societal changes in lifestyle. Much responsibility has been placed
on the exposure of children to sedentary environments and their increased use of
technology (Holt et al. 2013). This decline in PA participation is resulting in a large
section of society being insufficiently active for health gain which has serious
consequences for public health (Oliver et al. 2006, Duncan et al. 2012). Several studies
have emphasised the health benefits of PA and the negative consequences of physical
inactivity and prolonged sedentary behaviour. The World Health Organisation (WHO)
(2016) has highlighted the need to increase PA levels in children and adolescents as a
means to curb the alarming increases in childhood and adolescent obesity, and a range of
preventable and lifestyle related diseases which have emerged in the last 30 years in this

young population.

Physical inactivity is a contributor to a number of diseases including coronary heart
disease (CHD), cardiovascular disease, obesity and its co-morbidities, many cancers and
Type II diabetes among others (Hamilton et al. 2008). It has been reported that 6-10% of
all deaths from these major non-communicable diseases have been caused by physical

inactivity (Lee et al. 2012).



An alarming estimate of 1.9 million deaths (WHO 2010) throughout the world are as a
result of physical inactivity which makes it the fourth leading cause of death worldwide,
with tobacco, alcohol and diet being the other leading causes (Bull ef al. 2010, Kohl et
al. 2012). However, despite the effects it has on health, physical inactivity still receives
less emphasis than alcohol, tobacco, and diet in combatting health issues (GAPA 2010).
PA is a ‘basic human right’ and it has been argued that to reduce the risk of the many
adverse health conditions inactivity causes, PA should be defined as a stand-alone public

health issue (Kohl et al. 2012).

Longer life duration and increased physical and mental health have been directly
associated with increased regular PA (Hallal ez al. 2012, Dobbins et al. 2013). The WHO
(2010) reports the health benefits of PA, some of which include the reduction of blood
pressure, improvement in cholesterol levels, reduction in the risk of cancer and
improvement in the control of blood glucose levels in overweight people. The U.S Dept.
of Health and Human Services (2012) also attributes improved cardiovascular endurance
and a decreased risk of depression and heart attack to physical activity. Other positive
outcomes of PA that have been reported include a sense of purpose and value for the
individual, a better quality of life, reduced stress, better sleeping patterns, stronger
relationships and a greater sense of social connectedness (Das and Horton 2012, Heath et
al. 2012). These health enhancing properties of PA are evidence based and widely
accepted (Woods et al. 2012) thus, emphasising the need to actively promote it.

The promotion of PA is highly recommended throughout the world to improve the health
of individuals and populations. It has been suggested by Hallal ez al. (2012) that for health
improvements to occur PA should be made a global public health priority. It has also been
argued that for population level changes to occur PA interventions need to be
implemented in systems across society (Kohl ez al. 2012), including the education system,
rather than focusing on individual behaviour. The WHO emphasises the Health in All
Policies approach (Stahl et al. 2006) which involves the whole of government and the
whole of society taking responsibility for improving health outcomes. In activity similar
vein the Toronto Charter (Bull et al. 2010) highlights the importance of PA for the health
of all and it outlines actions required to prioritise PA across different sectors of society
including education. Similarly, in Ireland the Department of Health (2013) published
Healthy Ireland: A Framework for Improved Health and Wellbeing 2013-2025. This
framework emphasises the importance of developing a national plan to increase PA levels

across the population in an effort to prioritise the improvement of health and wellbeing
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of the whole society. This has now been produced (Department of Health 2013) and
acknowledges the education/health partnership and whole systems approach to promoting
PA. The National Physical Activity Plan for Ireland aims to increase the proportion of
children taking at least 60 minutes of daily MVPA by at least 1% per annum (National
Physical Activity Guidelines Steering Group 2014). School has been identified as a
primary setting in which children can gain the knowledge and positive experiences of PA
to enable them to live physically active lives (National Physical Activity Guidelines
Steering Group 2014). The Department of Education and Skills (DES) has therefore
responsibility to contribute towards this target. Extending the number of schools
participating in the Active School Flag programme to 500 further schools by 2020 is a
specific action which contributes to the DES role in fulfilling the national PA plan’s goal
(National Physical Activity Guidelines Steering Group 2014). This action can only be
achieved if PA interventions and policies are introduced into schools in Ireland which
ensure that children are provided with multiple opportunities to be physically active

throughout the school day.

2.3  Physical Activity and Health of Children
PA is vitally important for children’s health and physical inactivity has serious

consequences on their wellbeing which have been found to track into their future lives
(Twisk et al. 2000). Participating in PA has been linked to reduced stress and anxiety,
enhanced self-esteem and reduced risk of coronary disease, type 2 diabetes, obesity and
cardiovascular disease among children (Fahey et al. 2005, Hamilton et al. 2008). It has
also been found to have beneficial effects on children’s body fat composition, aerobic
fitness, cardiovascular performance, bone health, musculoskeletal system and
psychological well-being (WHO 2010). Many of the benefits to participating in PA are

discussed in more detail in the following sections:

2.3.1 Metabolic Health
PA has often been coupled with diet to address the problem of obesity. Eating a healthy

diet and regular physical exercise ensures a balance between energy uptake and energy
expenditure resulting in a healthy weight. However, it has been reported that as children
require considerable nutritional intake for growth and development, weight is more
effectively controlled through increased PA than diet alone (Baranowski et al. 2000). It
is well documented that PA is essential to achieve and maintain BMI levels within the
healthy range, preventing overweight and obesity (Kimm et al. 2005, Doak et al. 2006).
PA contributes to the body’s energy expenditure which must balance its food energy

intake if a healthy weight and BMI are to be established. PA has also been reported to
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increase metabolic rate and reduce risks for metabolic syndrome (Ferguson et al. 1999,
Andersen et al. 2006). Given the many health effects of PA, it is argued that coupling PA
with diet weakens efforts to develop approaches to tackle the pandemic of physical
inactivity in children because it confines opportunities for action and hinders the
development of holistic approaches to address PA and inactivity (Kohl et al. 2012).

Therefore, where children are concerned PA should be a distinct public health issue.

Given the well-established link between PA and weight control, Hardman et al. (2009)
claim that many children are not engaging in sufficient PA and are thus contributing to
the prevalence of overweight and obesity. This is evident internationally and has also
been found to be true to Ireland. In comparison to a number of European and developed
countries, Ireland has one of the highest occurrences of overweight children (24.7%)
along with Israel and Portugal (Lissau et al. 2004). The Growing up in Ireland Survey
(Layte and McCrory 2011) recognises childhood overweight and obesity as a public
health problem. The high level of overweight and obese children in Ireland may have a
significant impact on the development of chronic diseases in the future Irish population.
It is recognised that obesity and heart disease lay their roots in childhood, making the
levels of PA in this group particularly important to the long-term impact on public health
(Waring et al. 2007). Many studies have shown that PA interventions can improve obesity
levels and childhood is a critical time to intervene (Ferguson et al. 1999, Owens et al.
1999, Livingstone 2001). Therefore, to ensure the health of our children and future
generations, children of all ages must engage in PA and interventions are required to

make this happen.

2.3.2 Cardiorespiratory Health
Engaging in PA has been found to contribute to improvements in the health of both the

cardiovascular system and the respiratory system. This is significant since total and
abdominal adiposity and cardiovascular disease risk factors are influenced by the fitness
levels of these systems (Ortega et al. 2007). Children’s engagement in endurance
activities such as aerobics, walking, running, cycling, stair climbing, basketball etc. is
reported to increase their cardiorespiratory fitness in a range from 5% to 15%, and the
higher their PA levels the higher their cardiorespiratory fitness levels (Physical Activity
Guidelines Advisory Committee 2008). Improvements in cardiorespiratory fitness have
been found to positively affect anxiety, depression, self-esteem, mood status, as well as
being associated with higher academic achievement (Ortega et al. 2007). Although it is
acknowledged that engaging in any PA has health benefits (Janssen and LeBlanc 2010),
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the dose of exercise found to improve cardiorespiratory fitness has been outlined as an
intensity between 70-90% of maximal heart rate (MVPA) for 20-60 minutes, 3-4 days
per week over a duration of 1 to 3 months (Baquet er al. 2003, Physical Activity
Guidelines Advisory Committee 2008). Therefore, school PA programmes could
contribute to the improvement of cardiorespiratory fitness levels of students if

implemented often with emphasis on intensity, over a sustained period.

2.3.3 Musculoskeletal Health
PA has also been identified as a vital component for healthy skeletal development of

children. Positive associations have been identified between bone mineral density and
engagement in high impact or weight bearing PA during childhood (Physical Activity
Guidelines Advisory Committee 2008). This has important implications for the healthy
development and maintenance of skeletal mass, preventing osteoporosis. Accidental
fractures have occurred more frequently in children who have lower bone densities than
similar aged children with greater bone densities (Hind and Burrows 2007). The fractures
and disability as a result of brittle and porous bones cause complications later in life such
as morbidity and mortality, prolonged hospitalisation, loss of independence, feelings of
depression and reduced quality of life (Igbal 2000), which take a vast personal and
economic toll. Preventing osteoporosis by ensuring that children and youth develop
strong high density bones has been emphasised as far superior to any treatment for older
individuals (Igbal 2000). Therefore, since engaging in PA encourages bone development,

it is a key WHO (2003) recommendation for the prevention of osteoporosis.

2.3.4 Mental Health
In addition to physical health, PA also has an influential role in mental health and

wellbeing. Mental illness is a serious public health issue which can affect people
irrespective of age, gender or socio-economic status. Eating disorders, suicide, depression
and anxiety are some of the dominant conditions which affect more young people globally
than any other age profile (Biddle and Asare 2011). It is projected that unless drastic
measures are taken, mental illness will compose 15% of the global burden of disease by
2020 (Biddle and Mutrie 2007). Self-esteem is highlighted as a key indicator of positive
mental health and well-being with improvements in self-esteem leading to improvements
in mental health. Participation in regular PA improves skills, knowledge, fitness, health
and social factors which are associated with enhanced self-perceptions. Positive self-
perceptions then stimulate positive views about oneself resulting in an improved self-
esteem and sense of well-being (Duncan and Eyre 2008). A meta-analysis in children and

young people (aged 3-20 years) revealed that engaging in PA has indeed beneficial effects
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on children’s self-esteem (Ekeland er al. 2005). Additional studies have also
demonstrated that engaging in regular PA has positive effects on depression and feelings
of anxiety in children and young people (Larun et al. 2006, Biddle and Asare 2011).
Considering these beneficial effects on mental health, it is not surprising that participation
in PA is a strategy recommended by the WHO (2010) to protect the psychological well-
being of young people.

2.3.5 Cognitive Functioning and Academic Achievement

Engaging in PA is reported to increase circulation to areas of the brain which initiate
learning (Blakemore 2003). Many studies and systematic reviews have been conducted
to evaluate the effects of PA on academic performance and cognitive functioning
(Tomporowski et al. 2008, Trudeau and Shephard 2008, Centers for Disease Control and
Prevention 2010). Results have demonstrated that routine PA can be linked to improved
academic achievement and cognitive functioning in children. Positive associations were
also reported for classroom behaviours such as time-on-task, concentration and attention.
Moreover, reviews have demonstrated that reducing curricular time to incorporate PA
into the school day does not negatively impact students’ learning (Keeley and Fox 2009).
These findings lend support to the idea that PA should be emphasised in childhood as a
means to support and facilitate cognitive development, learning and academic

achievement.

Given the plethora of physical, psychological, and economic benefits of PA outlined in
this section there is no doubt that children should be facilitated to participate in as much

PA as possible daily.

24 Current Physical Activity Recommendations for Children
WHO (2010) recommendations state that children aged 6-17 years should participate in

at least 60 minutes of MVPA every day, and perform vigorous, high-intensity PA, muscle
strengthening and bone strengthening physical activities on at least three days per week.
To develop these recommendations a global group with expertise in PA, policy
development and implementation was established. This expert group compiled and
assessed the scientific evidence relevant to PA in the prevention of non-communicable
diseases among children. The evidence used is published in the Physical Activity
Guidelines Advisory Committee (2008) report. The suggested guidelines were reviewed
by the WHO Guideline Review Committee, peer reviewed and published. An additional
independent review also confirms the validity of these recommendations. In their review

of health benefits of PA for children, Janssen and LeBlanc (2010) report that some health
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benefits can be achieved through an average of 30 mins of PA per day. However, they
recommend that children should accumulate ‘an average’ of at least 60 mins per day, and
to elicit more health benefits for children who are already somewhat active, higher targets

of up to several hours of at least moderate intensity PA should be set.

Intensity thresholds have been defined in terms of multiples of resting energy expenditure
(METs) (Saint-Maurice et al. 2016). There is consensus in the literature that for children
the threshold for moderate intensity PA is activity that is executed at 4 times the intensity
of rest (i.e. >4 METSs) and vigorous intensity PA is defined as activity that is executed at
6 times the intensity of rest (i.e. > 6 METs) (Trost et al. 2011). For children, moderate
intensity activities include hiking, skateboarding, rollerblading, brisk walking, and
cycling. Vigorous intensity activities include running and chasing games, skipping,
martial arts, running, cycling, swimming and other sports such as Gaelic football, hurling,
tennis, soccer, rugby and basketball. Aerobic activity is the movement of the body’s large
muscles in a rthythmic manner for a sustained period of time. It has 3 components-
intensity, frequency and duration. Research has shown that the total amount of PA
(minutes of moderate intensity PA) is more important for achieving health benefits than
any one component (frequency, intensity or duration) (US Department of Health and
Human Services 2012). Muscle-strengthening activities include resistance training and
weight lifting. Bone- strengthening activity is when force is placed on the bones
promoting growth and strength e.g. jumping jacks, running, brisk walking, weight lifting
etc. Many of these activities can serve multiple purposes as they are also aerobic and
muscle-strengthening activities (Health Service Executive and Department of Health and
Children 2009, US Department of Health and Human Services 2012). Since children can
use their own body weight for resistance and weight exercises, these guidelines can be

achieved without the use of specialised equipment.

The PA guidelines suggest that time in PA can be accumulated in bouts throughout the
day (National Physical Activity Guidelines Steering Group 2014, World Health
Organization 2016). In 1998 the UKHEA Conference’s primary recommendation shifted
the emphasis from sustained periods of activity to activity accumulated over a day and
also removed the emphasis from vigorous intensity to moderate intensity PA for all young
people (Armstrong and Welsman 2006). This is important since it makes the target of 60
minutes more achievable, especially for those least motivated to engage in PA. Out of
reach targets have been found to undermine PA participation (Janssen and LeBlanc 2010)

and accumulating moderate PA throughout the day is a goal deemed easier to achieve.
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Although all children may not meet the recommendations, some PA is better than none,
especially for those most at risk (Barr-Anderson et al. 2011) and it may be easier to

encourage them to participate in short bouts rather than extended periods.

Irish guidelines reflect international recommendations and emphasise that while
incorporating exercises, activities for children and young people should be fun, match
their age, skill level and maturity (Health Service Executive and Department of Health
and Children 2009). As stated in much of the literature, the ‘Get Ireland Active’ (National
Physical Activity Guidelines Steering Group 2014) report also acknowledges that
activity, no matter how short, counts towards children’s 60 minutes and that sedentary

behaviour should be replaced by active time to increase children’s PA.

The public health guidelines outlined above state that for health benefits to occur PA must
be of at least moderate intensity and the more vigorous the activity the greater the health
benefits (WHO 2010). However, it must be noted that light intensity PA has also been
found to have health benefits particularly when replacing or interrupting sedentary
behaviour (Healy ef al. 2008b). In their systematic review, Janssen and LeBlanc (2010)
observed a dose-response relationship between PA and health benefits for children.
Similar to the findings of Healy ef al. (2008) they also report that even small amounts of
PA can have benefits for children, especially those in high-risk categories. Aerobic
activities are reported to bring about greatest health benefits for children as they enhance
the cardiovascular and respiratory systems (Janssen and LeBlanc 2010). Participating in
physical activities such as walking, running, swimming, climbing, jumping, resistance
exercises etc. have also been shown to improve other physical elements in children such
as their fitness, flexibility, muscular strength, mobility, balance, control, body awareness
and energy levels. These improvements have been found in healthy children and in
children with movement disorders such as cerebral palsy (Payne et al. 1997, Strong et al.
2005, Scholtes et al. 2010). PA and health status are directly related, such that further
increases in PA lead to additional improvements in health status and that some PA is
better than none. This is true for all children even those with physical disabilities who
should be encouraged to be as active as their ability allows (National Physical Activity
Guidelines Steering Group 2014) by participating in some form of PA, which is suitable
to their needs and abilities. Therefore, the development of interventions, to ensure that
daily PA recommendations are being met, is critical for the current and future health of

all children.
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2.5 Current Levels of Physical Activity Among Children
Despite the well documented benefits of PA and clear guidelines for volume of

participation needed for health, PA and inactivity remain a cause for concern. The Global
Matrix 2.0 (Tremblay e al. 2016), which consolidated the findings of 38 international
report cards on the PA of children and youth, reports that average grades for overall PA
globally is D (low/poor). This is also true to Ireland which scored a D for overall PA
(Harrington et al. 2016). Self- report data from the HBSC studies (Callaghan et al. 2015,
Inchley et al. 2016) found that only 23% of children in Ireland meet the PA
recommendations. Results from the Growing Up in Ireland Study (Smyth er al. 2009)
also reported that only 25% of 9 year olds met the recommendations in the previous 7
days and 4% of the children reported that they did not achieve 60 minutes of MVPA on
any of the previous 7 days. It must be acknowledged that discrepancies have been
identified in the literature between self-report and objectively measured estimates of PA.
The CSPPA study (Woods et al. 2010) found that 19% of primary school children meet
the PA recommendations of at least 60 minutes of MVPA per day. The latter findings
may be more accurate since accelerometers and pedometers were used to collect the data
and these are regarded as more accurate measures of PA (Dollman et al. 2009). The
disparity in PA data coupled with reports that the majority of young children cannot
accurately recall activities or quantify their duration (Baranowski et al. 1984), emphasise
the need to use objective measures such as accelerometers and pedometers in such

research.

Waring et al. (2007) caution that care must be taken when interpreting PA reports since,
despite current trends, they found that a wide range in activity levels appears to be
common in children, with groups that are very active and very inactive. This is clear in
Riddoch et al. (2004) where the researchers found significant differences in PA between
the genders, with boys being far more active than girls. Their findings suggest that at 9
years of age boys are 21% more active than girls and at 15 years of age boys are 26%
more active than girls. They also found that significant declines in PA levels occur as
children get older. Nine-year-old boys were found to be 27% more active than 15-year-
old boys and 9-year-old girls were 32% more active than 15-year-old girls. On examining
the PA patterns of European youth, Armstrong and Welsman (2006) confirmed that
international reports with findings stating that PA declines with age and that girls are less
likely to be physically active than boys, are consistent across European countries.
Therefore, much consideration must be given to engaging girls in PA and of sustaining

the PA levels of all children as they grow older.
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2.6 Childhood as an Essential Time for Intervention
Many studies have indicated that the age-related decline in PA levels begins during late

primary school years (van Sluijs et al. 2008). Sherar et al. (2007) found that the greatest
decrease in MVPA and vigorous PA was in children between the ages of 8 and 9 years
(pre-adolescence) for both boys and girls. Given the well-established age-related decline
in PA which appears to start before puberty, reaching children before this critical
developmental phase is crucial. It is widely accepted that childhood provides a great
opportunity to positively influence children’s attitudes and encourage participation in PA
(Twisk et al. 2000, Woods et al. 2010). Many studies have suggested that children who
learn to love being active are more likely to grow up to be active adults (Twisk et al.
2000) thus, highlighting the need to prioritise and invest resources in encouraging PA
among children in an effort to sustain these good habits throughout life (Twisk ef al. 2000,
Naylor and McKay 2009, Belton et al. 2010, MacCallum et al. 2012, Woods et al. 2012).
Therefore, childhood is a critical period for health promotion interventions in order to
break the cycle of physical inactivity. Since schools have been targeted as a key location
to reach the majority of children as early as possible (World Health Organization 2016),
focusing on children in primary school could change the path of inactivity for the next

generation (Riddoch et al. 2004).

2.7  School as a Place for Intervention
The school has been identified as a primary location to promote PA among children since

most communities have schools and the majority of youth across the full socioeconomic
spectrum attend school on a regular basis for a substantial number of their waking hours
during the week, for 6-12 years of their lives (Pate ef al. 2006, Waring et al. 2007, Huberty
et al. 2011, Erwin et al. 2012, Murtagh et al. 2013). The WHO (2016) and the Global
Advocacy for Physical Activity (GAPA) specifically identified schools as a target setting
for the promotion of PA among children and youth (GAPA 2010). However, despite this
recognition of the central role of schools in promoting health, it has been reported that
the primary school is not delivering on its potential to be a good setting for the promotion
of PA (Waring et al. 2007). Many school environments are reported to contribute to the
promotion of poor exercise habits (Colin-Ramirez et al. 2010) with children spending the
majority of their time in school engaged in physically inactive classroom behaviour
(Fairclough et al. 2012, Holt et al. 2013). Reduced sitting time and increased MVPA have
been linked to increased health benefits (Biddle et al. 2004, Healy et al. 2008b).

Therefore, it is recommended that extended sitting time should be limited throughout the
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day and broken up with MVPA as often as possible (Tremblay et al. 2011, National
Physical Activity Guidelines Steering Group 2014).

In the United States the problem of childhood inactivity has long been recognised and
although schools have been identified as a primary location to reverse this problem, the
introduction of the ‘No Child Left Behind’ policy with its emphasis on academics has
considerably reduced time given to PE and PA breaks in school (Opitz 2011). This trend
has also been observed in other countries, with reports that children in Australia spend
48% of their time (176 £ 46 minutes/day) across the entire school day being sedentary
(Telford et al. 2005, Jackson et al. 2008, Salmon et al. 2010). Unfortunately, a similar
trend of emphasising academic subjects has also been identified in Ireland as the DES
increased the primary school time allocation for literacy and numeracy by 60 and 70
minutes respectively and emphasise the safeguarding of time spent teaching these
subjects (DES 2011). It is recommended that this be achieved by integrating literacy and
numeracy into other subjects and reallocating discretionary time and time spent on other
subjects to literacy and numeracy. As a result, opportunities for PA during school time

are limited.

Break time, lunch time and PE lessons are the traditional ways for students to access PA
during the school day. However, many studies have indicated that not all children choose
to be physically active during break and lunch time, with much research indicating that
boys are much more active than girls during the school period (Riddoch et al. 2004,
Belton ef al. 2010, Knowles et al. 2013). PE alone cannot provide sufficient activity to
help students meet recommended levels of PA to achieve health benefits (Huberty et al.
2011). PE as a subject occurs too infrequently (30-60 minute sessions x 1-3 days per
week) and provides limited amounts of MVPA due to lack of space and equipment, large
class sizes, and in some cases inadequate teacher training (McKenzie et al. 1998, Morgan
and Hansen 2008, European Commission 2013, Donnelly et al. 2013). Cale and Harris
(2006) observed it cannot be assumed that children will make the time or find suitable
opportunities for one hour of PA daily when left to their own devices. Therefore, it is
necessary to implement interventions which provide multiple opportunities for PA
throughout the school day (Centers for Disease Control and Prevention 2013). While, it
is recognised that schools alone cannot solve the physical inactivity epidemic (GAPA
2010), strong school-based policies and programs, along with the influence of schools on
the family and community, can help fight the problem (Wechsler et al. 2000, World
Health Organization 2010, World Health Organization 2016).
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In order to facilitate implementation, introducing PA interventions into schools must
consider school budget constraints, limited resources, time and an already existing heavy
workload on teachers (Erwin et al. 2012, Murtagh et al. 2013). Interventions developed
to promote the integration of PA into the school day have previously been evaluated
(Salmon et al. 2007, Ward et al. 2007, Erwin et al. 2012, Dobbins et al. 2013, Norris et
al. 2015) and reports have determined this instructional strategy to be an inexpensive and
effective means of improving PA outcomes for all students (Erwin et al. 2012).
Additionally, from a public health perspective, school-based programmes which promote
PA for children are considered to be the most effective approaches for reducing the risk

of chronic diseases associated with inactive lifestyles (Colin-Ramirez et al. 2010).

2.8 Interventions in the Primary School
School-based interventions are initiatives undertaken within the school to promote PA

during the school day. This is achieved by creating a school environment that is more
suitable to attaining higher rates of PA among youth as well as increasing the time
students spend engaged in MVPA (Dobbins et al. 2009). Significant changes need to be
made to the school curriculum to support increased time for PA (Dobbins et al. 2009).
School-based interventions to promote PA include activity breaks (Mahar et al. 2006,
Murtagh et al. 2013), active lessons (Liu et al. 2008, Donnelly et al. 2009, Finn and
Mclnnis 2014, Riley et al. 2016), active homework (Lubans and Morgan 2008), PE
lessons (McKenzie et al. 1996, Sallis et al. 1997, Eather et al. 2013), playground
markings and equipment (Huberty et al. 2011), health education classes (Eather et al.
2013) and changes to the classroom environment (Cardon et al. 2004). To the author’s
knowledge 78 studies have been published to date which report primary school-based

interventions with PA outcomes (see Appendix A).

2.8.1 Existing Classroom-based Interventions
For the purposes of this thesis a classroom-based intervention is defined as an intervention

designed to reach children directly in the classroom setting, during the normal school day.
Many studies have found that children’s activity levels are largely restricted during the
school day, apart from break time and PE lessons (Tudor-Locke et al. 2006, Belton et al.
2010). It has been suggested that children should accumulate at least 30 minutes of
MVPA within the school day (Pate et al. 2006). Much needs be done to provide children
with opportunities to meet this goal outside of the traditional occasions such as PE and
break time. Classroom-based PA interventions have been identified as a means to increase

the PA levels of all students, regardless of gender, especially the low-active groups of
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children who need more opportunities to be active (Cardon et al. 2004, Mahar et al. 2006,

Oliver et al. 2006, Gibson et al. 2008, Donnelly et al. 2009, Erwin et al. 2011a).

To the author’s knowledge 63 primary school-based interventions have been published
which include components that are delivered at the classroom level. This includes
teaching health lessons with (n=12) and without (n=10) PA breaks or PE, PE lessons only
(n=7), classroom PA breaks (n=18), movement integration (n=13), changes to the
classroom environment (n=2) and having a PA specialist in the classroom (n=1). In the
following section classroom-based interventions in primary schools are reviewed. These
include activity permissible classroom, health/ PA themed lessons, active breaks and
movement integration. A systematic review was conducted to evaluate the effectiveness
of movement integration, i.e. those that integrate movement into academic content, and

is reported in Part B of this chapter.

2.8.1.1 Activity permissible classroom
Activity permissible classrooms facilitate the creation of more active and engaging

teaching and learning areas through the use of exercise stability balls, stand- up desks,
node chairs' and buoy chairs? instead of fixed desks and chairs (Kilbourne 2013). The
aim is to promote more active teaching and learning areas. Kilbourne (2013) claims that
activity permissible classrooms create opportunities to promote life-long movement and
good health. Two studies compared an activity permissive classroom in which sitting was
replaced with dynamic sitting, standing and walking around to a traditional classroom
with 8 and 10-year-old students (Cardon et al. 2004, Lanningham-Foster et al. 2008)°.
Lanningham-Foster er al. (2008) reported a 50% increase in accelerometer measured
movements (acceleration: m/s?) in the activity permissive classroom over a 12-week
period compared to the traditional classroom setting (n = 24 students). Similarly,
accelerometer data showed significantly more lesson-time counts per min during the
“Moving School” lessons (n = 25 students) compared to the traditional setting (n = 22
students) over an 18-month period (+404 counts/min, p<.001). However, since this
intervention involves replacing all existing school furniture with exercise stability balls,
stand-up desks, node chairs and buoy chairs it has been argued (Salmon 2010) that it

would be very cost-prohibitive to create these types of schools on a large scale.

! A free-wheeling chair with a seat that swivels and a swing-out desk

2 Seat with a contoured base which tilts and swivels to engage the core muscles

3 Although many interventions of this kind exist to reduce sedentary behaviour (Hegarty et al. 2016), this
considers interventions that aim to increase PA
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2.8.1.2 Health/ activity themed lessons
Health/ PA themed lessons consist of lessons taught by the classroom teacher or by

specialists that emphasise the importance of PA to the students. Twenty-two studies
incorporated this element into the classroom either as a stand-alone element (n=12) or in
conjunction with PE lessons, PA breaks or home activity components to promote PA
(n=10). Switch Off- Get Active! (Harrison et al. 2006) aimed to reduce screen time and
increase children’s PA levels by providing them with a 16-week teacher-led health
education intervention. While this study did not incorporate a PA component, results of
a self-report questionnaire demonstrated that although the health education lessons did
not reduce television viewing, they did increase 30 min blocks in MVPA per day (+ .84
30 min blocks/day, p < .05) in primary school children. Two multi-component school-
based interventions also incorporated health-related lessons in their classroom
components (Colin-Ramirez et al. 2010, Eather et al. 2013). The lessons were delivered
by trained specialists and both interventions included daily PA programmes either in the
classroom (Colin-Ramirez et al. 2010) or during break time and at home (Eather et al.
2013). The outcomes of the RESCATE study (Colin-Ramirez ef al. 2010) were assessed
by the Student Physical Activity and Nutrition (SPAN) questionnaire and pedometers
measured students’ steps/day in the Australian Fit-4-Fun study (Eather er al. 2013).
Results showed significant improvements in MPA levels of RESCATE students (Colin-
Ramirez et al. 2010) and in steps/day of Fit-4-Fun students (Eather et al. 2013).

Although these health themed lessons seem to be effective in improving PA levels, many
are delivered by the researchers/specialists for a specified duration of time and are not
sustained beyond the period of the study (Salmon et al. 2007, Eather et al. 2013). Where
classroom teachers are involved in delivering the programmes, finding time to teach these
additional lessons as well as incorporating the PA element has been recognised in the

literature as an issue (Cothran et al. 2010) and a reason for poor or no implementation.

2.8.1.3 Active breaks
Active breaks are breaks in regular classroom instruction to perform physical exercise

which may or may not relate to curricular content. Incorporating short bouts of activity
during instructional time through active breaks has been highlighted as a means of
accumulating PA during the school day (Erwin et al. 2011b). Belton et al. (2010) state
that such interventions could have the additional benefit of increasing PA levels of lesser
active children and girls who are often shown to be less active than males, especially

during school. Twenty-five studies identified in Appendix A incorporate PA breaks in
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primary school. In some of these studies the breaks are delivered by the classroom teacher
(Erwin et al. 2011b, Murtagh et al. 2013) and in others they are delivered by
specialists/researchers (Salmon et al. 2007). Many interventions aimed to incorporate
between 5 and 15 minutes of physically active breaks in the classroom throughout the
school day (Naylor et al. 2006, Erwin et al. 2011b, Murtagh et al. 2013). Aside from
activity cards, few of the interventions required any additional equipment making them
inexpensive and convenient to implement. Some of the studies provided training for
teachers to support implementation of the active breaks (Naylor ef al. 2006, Erwin et al.
2011b, Mitchell et al. 2013). Pedometers and self-report measures such as activity logs
were predominantly used to gather student PA data (see Appendix A). One study reported
no significant difference for accelerometer measured average vector magnitude/min
between the intervention and control group (Caballero et al. 2003) and another reported
no significant effect for overall accelerometer measured counts/min (de Meij et al. 2011)
however, it must be noted that both studies reported positive effects on other outcomes
such as fat intake and organised sports participation. All twenty-three remaining
interventions reported positive effects on PA outcomes demonstrating that incorporating
PA breaks into the classroom could significantly increase the number of steps, counts or
minutes in PA children achieve per day. This strategy has been reported to improve PA
levels of all children regardless of their gender and it is particularly effective for those in
the high risk, low-active groups who need more opportunities to be active (Pangrazi et al.

2003, Erwin et al. 2011b).

2.9  Movement Integration
Despite evidence of the effectiveness of active breaks in improving PA levels for all

children, priority given to academic subjects such as Literacy and Numeracy, in an
already overloaded curriculum has resulted in a lack of emphasis on PE and insufficient
time for activity breaks in the primary school classroom (Mahar et al. 2006, Cothran et
al. 2010, McMullen et al. 2014). In order to resolve this problem which sacrifices PA and
instead prioritises academic content, methods of successfully integrating movement into
academic lessons in the classroom are necessary (Heidorn et al. 2010). Movement
integration activities strive to infuse PA into general education lessons (Kohl and Cook
2013). Few school or classroom-based interventions focus on integrating PA into
academic lessons (Oliver et al. 2006, Donnelly et al. 2009, Bartholomew and Jowers
2011, Finn and Mclnnis 2014, Riley et al. 2016). Teaching academic content using
physically active methods could be a way of coping with the barriers to increase PA and

reduce sedentary behaviour in primary school children.
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Take 10! was one of the first programmes designed to integrate movement and academic
learning objectives (Peregrin 2001). The initial version was designed by a group of health,
education and PA experts within the International Life Sciences Institute (ILSI) Research
Foundation in 1999 to promote PA in childhood. TakelO! was designed to be
implemented in the classroom setting with the aim of integrating 10-minute physically
active academic lessons throughout the school day. The programme intended to get
students moving without sacrificing academic teaching and learning time (Peregrin
2001). The expert group anticipated that children would gain health and learning benefits
from these short bouts of PA. This US-based programme has been implemented,
evaluated, refined and disseminated in the US and internationally since 2002 (Kibbe et
al. 2011). Take 10!, adaptations of the programme and other movement integration
interventions have since been implemented in the US, Australia and other countries such
as China and the Netherlands (Liu et al. 2007, Donnelly et al. 2009, Li et al. 2010, Kibbe
et al. 2011, Donnelly et al. 2013, Mullender-Wijnsma et al. 2015, Riley et al. 2016). This
instructional strategy is gaining attention in health and PA promotion literature (Norris et
al. 2015, Webster et al. 2015). It has also been recommended in recent national (National
Physical Activity Guidelines Steering Group 2014) and international (World Health
Organisation 2008, Centers for Disease Control and Prevention 2013, Kohl and Cook
2013) policies as a population-level means to improve PA levels of children. A detailed
systematic review was conducted to evaluate existing movement integration studies and

is reported in the following Part B of this chapter.

2.10 Summary of Classroom-based Interventions
Integrating PA into the classroom has been an effective approach to improve PA levels

among children and it is believed to be an important aspect of school-based health and
wellness policies (Erwin et al. 2012). The review presented above has illustrated that
there are various modes of integrating PA into the classroom. The Activity Permissible
Classroom has been shown to be effective in improving students’ PA levels but cost-
prohibitive to implement on a large scale (Salmon 2010). Health/ PA themes lessons have
also been shown to provide students with the knowledge required to improve their PA
levels however, most of these interventions were multi-component incorporating activity
breaks or additional PE classes. The health lessons were often delivered by the
researchers/specialists and may not be sustained beyond the intervention period (Eather
et al. 2013). Active breaks have also been found to improve students’ PA levels.
However, teachers have reported that time is a barrier to implementing these additional

sessions during class time (Cothran et al. 2010, McMullen et al. 2014). A recent review
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of the literature noted that meaningfully integrating PA into academic lessons may be a
way of overcoming the barriers to improve students’ physical activity levels during class
time (Norris et al. 2015). However, to date few studies have adopted such an approach
and further investigation is needed to confirm the effectiveness of this strategy. Part B of
this chapter further evaluates movement integration interventions with regard to health,

education and PA outcomes.
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Part B: Effect of Active Lessons on Physical Activity, Academic, and Health
Outcomes: A Systematic Review

Preamble

The following article reports a systematic literature review of movement integration
interventions. The effect of the interventions on PA, academic and health outcomes of
students are examined. This is an Accepted Manuscript of an article which has been peer
reviewed and published in Research Quarterly for Exercise and Sport online [March 22,
2017], impact factor 2015: 1.702 (Thomson Reuters Journal Citation Reports 2016). It
has been reprinted by permission of the Society of Health and Physical Educators,
(http://www.shapeamerica.org) (see Appendix S for ©Taylor and Francis copyright

permissions). The following is the citation for this article:

Martin, R. and Murtagh, E.M. (2017) ‘Effect of active lessons on physical activity,
academic and health outcomes: A systematic review’, Research Quarterly for
Exercise and Sport, 1-20 (accepted for publication 3.02.2017, See Appendix Q),
http://dx.doi.org/10.1080/02701367.2017.1294244
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2.11 Abstract
Purpose. To conduct a systematic review of classroom-based PA interventions which

integrate academic content and assess the effectiveness of the interventions on PA,
learning, facilitators of learning, and health outcomes. Method. Six electronic databases
(ERIC; PubMed; Google Scholar; Science Direct; Cochrane Library, and EMBASE) and
reference lists were searched for English language articles, published January 1990 -
March 2015, reporting classroom-based interventions which deliberately taught academic
content using physically active teaching methods, > 1 week duration, with PA, health,
learning or facilitators of learning outcomes. Full text articles were reviewed by two
authors. Data was extracted onto an Excel spreadsheet and authors were contacted to
confirm accuracy of information presented. Results. Fifteen studies met the inclusion
criteria. Six studies reporting on PA levels were found to have medium-to-large effect
sizes. All four studies reporting learning outcomes reported positive effects of
intervention lessons. Teachers and students were pleased with the programmes and
enhanced on-task-behavior was identified (n = 3). Positive effects were also reported on
students’ BMI levels (n = 3). Conclusions. Physically active academic lessons increase
PA levels and may benefit learning and health outcomes. These teaching methods are
also positively received and enjoyed by both students and teachers. These findings

emphasize the need for such interventions to contribute towards public health policy.

Keywords: classroom, academic content, movement integration
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2.12 Introduction
Recent evidence has shown that since the 1990’s an increasing number of primary school

aged children are inactive (Holt et al. 2013, Metcalf et al. 2002). The World Health
Organization (WHO) (2010) recommends that school aged children should accumulate
at least 60 min of MVPA per day for health benefits. However, less than 20% of children
worldwide are achieving these recommendations (WHO 2010). Children who participate
in high levels of PA are less likely to develop cardiovascular disease, type 2 diabetes,
cancer, and other chronic illnesses (Hamilton ef al. 2008). For health improvements to
occur, it has been proposed that PA should be made a public health priority throughout
the world (WHO 2010).

Schools have been targeted to implement PA interventions as they are prime locations to
reach the majority of children (Martin and Murtagh 2015b). However, ironically, as
children are often required to remain seated to receive instruction, class time represents a
significant sedentary period of their day (Holt er al. 2013). Globally it is recommended
that all schools develop policies to address PA during the school day and not just in PE
or active travel (WHO 2010). Previous reviews illustrate that there is evidence of the
success of these school-based programmes (Barr-Anderson et al. 2011, Dobbins et al.
2013). However, emphasis on Literacy and Numeracy has resulted in reduced time for
activity breaks and little emphasis on PE (Erwin et al. 2012). Therefore, in an effort to
overcome these barriers it has specifically been recommended by the CDC (2010) that
PA should be integrated into academic lessons since movement has been found to
enhance learning while also improving students’ PA levels. These physically active
academic lessons intend to teach academic content through the use of physically active
teaching methods (Martin and Murtagh 2015b) and are distinct from PA breaks which

may be unrelated to educational outcomes.

Previous systematic reviews of PA interventions in the classroom setting examined
studies which incorporated PA breaks, active transitions, standalone physical activities,
and active academic lessons (Erwin et al. 2012, Webster et al. 2015). These reviews
evaluate the interventions with regard to the benefits of movement integration (Webster
et al. 2015), PA, health outcomes, and educational outcomes (Erwin et al. 2012, Norris
et al. 2015). Interventions evaluating the effect of classroom-based PA breaks on health
outcomes- such as posture, bone strength, bone mineral content and stress- were
previously reviewed and noted positive results (Erwin ef al. 2012). However, the effect

of classroom-based PA on students BMI was not evaluated in this review. The
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relationship between PA and BMI is well documented with PA deemed to be essential to
achieve BMI levels within the healthy range, preventing obesity (Doak et al. 2006, Kimm
et al. 2005).

In their recent comprehensive review Norris and colleagues (Norris er al. 2015)
concluded that all studies reported improved PA in intervention groups or in specific
demographics, such as least active girls, as a result of the active academic lessons.
Additionally, educational outcomes reported have shown either significant improvements
or no difference compared to traditional teaching (Norris et al. 2015). This contributes
to the growing evidence supporting the link between PA and learning outcomes

(Tomporowski et al. 2008).

However, both teacher approval and student enjoyment, which have been shown to be
essential for success, have not been reviewed previously in relation to such active
academic lessons. Although teaching with a physically active academic curriculum has
been identified as a way of coping with barriers such as time and assessment pressures
(Cothran et al. 2010, Naylor et al. 2015), to improve PA levels and reduce sedentary
behavior in primary school children (Bartholomew and Jowers 2011), teachers have a
fundamental role in determining the effectiveness (Fullan 2007) of such interventions.
The teacher largely influences what children do in the classroom, it is therefore crucial
that teachers are satisfied with the programme. Teachers’ opinions, views, and attitudes
towards PA have been recognized as the greatest obstacles to PA promotion in the
classroom (Morgan and Hansen 2008) and executing change is ultimately an individual
decision by teachers (Martin and Murtagh 2015b). Therefore, behavioral change on the
part of the teacher, as well as providing them with interventions that coincide with their
curriculum, schedules, and their principles and beliefs about teaching (McMullen et al.
2014) are required to encourage classroom teachers to adopt responsibility for integrating
PA into academic lessons. Student enjoyment has also been found to influence and
control the effects of PA interventions (Howie et al. 2014). Enjoyment has been
recognized as a key component of acceptability and a prevailing motivational element for
children to engage in PA (Allender et al. 2006). Evidence illustrates that the beneficial
effects of PA interventions are determined by levels of student enjoyment with increased
PA resulting from greater enjoyment (Dishman et al. 2005, Schneider and Cooper 2011).
Teacher approval of classroom-based interventions has also been found to rely on student
enjoyment (McMullen et al. 2014). Therefore, it is essential to consider teacher approval

and student enjoyment of PA interventions.
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In their recent review Norris and colleagues (2015) identified a need for further, more
rigorous research in order to firmly ascertain the effects of physically active lessons.
Additionally, Webster et al. (2015) concluded that there is a need for research which
demonstrates the contribution of physically active lessons towards students’ positive
dispositions towards PA. Therefore, the present systematic review intends to synthesize
the existing evidence base by including BMI as a health outcome and facilitators of
learning outcomes such as student enjoyment and teachers’ approval, which have been
deemed essential in determining the success or failure of such classroom-based PA

interventions (Cothran et al. 2010, Howie et al. 2014).

This paper is the first review to consider the effects of physically active academic lessons
on PA, learning, facilitators of learning (to include teacher approval, student enjoyment
and on-task behavior), and health (BMI) outcomes. To inform future practice and present
a strong case for schools to incorporate PA into academic lessons in the classroom it is
important to provide a comprehensive summary of previous interventions with regard to
these outcomes. Therefore, this systematic review aims to identify existing classroom-
based PA interventions which integrate academic content and assess the effect of the

interventions on PA, learning, facilitators of learning, and health outcomes.

2.13 Method
The PRISMA statement (Preferred Reporting Items for Systematic Reviews and Meta-

Analysis) was followed in conducting and reporting this systematic literature review

(Moher et al. 2009). A review protocol has not been published previously.

2.13.1 Ciriteria for Considering Studies for this Review
In this review the following conditions were used to select studies: (a) the intervention

was applied in a school classroom setting; (b) study participants were school aged
children (5-18 years) and included all children regardless of their body mass index
category. Studies where PA interventions formed part of treatment programmes for
participants with specific illnesses or multifactorial diseases (e.g. heart disease) were
excluded; (c) interventions which deliberately taught academic content using physically
active methods; (d) the intervention must be of at least one week duration; (e) one or more
of the following outcomes reported: proportion of class time in moderate-to-vigorous
physical activity (MVPA); duration of MVPA (time spent engaged in MVPA); learning
outcomes (e.g. academic performance); facilitators of learning (e.g. behavior, enjoyment,
concentration, attention); health outcomes (e.g. BMI); (f) English language articles

published in peer-reviewed journals between January 1990 and March 2015. Articles
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reporting multicomponent interventions were excluded if the effects of the classroom-

based intervention were not specified.

2.13.2 Search Methods for Identification of Studies
A systematic literature review was conducted to identify classroom-based PA

interventions. This review places emphasis on the school classroom setting therefore the
search focused on location (classroom-based), behavior (PA), and accumulation of PA,
health benefits or educational benefits as outcome measures. A comprehensive search
strategy was developed to coincide with the Cochrane Collaboration methodology for
conducting literature searches (Higgins and Green 2011). The following data bases were
searched ERIC; PubMed; Google Scholar; Science Direct; Cochrane Library, and
EMBASE. English language studies only were included and date limits were set from
January 1990 to March 2015. The search terms used to search titles/abstracts were
(classroom AND (physical activity OR exercise OR physical inactivity OR sedentary)
AND (school)). The search terms were slightly modified for certain databases such as
Google Scholar and PubMed where the search terms were classroom AND physical

activity AND school.

Papers in press were included. Where conference proceeding titles or abstracts were
found authors were contacted for full-text papers. Reference lists from related review and

original articles were also hand-searched for relevant papers.
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2.13.3 Study Selection
The initial eligibility assessment was performed by one author who reviewed paper titles

and abstracts. The full text versions of 63 articles were then reviewed independently by
two authors. Where disagreements between reviewers occurred, consensus was achieved
through discussion and reassessment of each of the eligibility criteria for the study. The

study selection process is summarized in the PRISMA flow-chart below (Figure 2.1).

= Records identified through Additional records identified
£ database searching through other sources
é (n = 909) (n = 26)
=
%}
3
(51
v A 4
Records after duplicates removed
(n=0631)
8l
E
£
]
& A 4
7
: Records screened Records excluded
(n=0631) > (n=568)
S
A 4
Full-text articles Full-text articles
o assessed for eligibility excluded, with reasons
= (n=063) (n=48)
=
20 Not classroom-based
= (n=2)
A 4
PA methods not used to
| ) Studies included in teach academic content (n
qualitative synthesis =32)
— (n=15)
Variables not of interest
(n=3)
= Not an intervention of
-qé minimum 1 week (n = 5)
E Effect of classroom PA
not isolated (n = 6)

Figure 2.1 Study Selection Process and Flow of Systematic Review
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2.13.4 Data Extraction
A data extraction sheet was created in Microsoft Excel to record the following

characteristics of each included study: study location, duration, and design; participants’
characteristics (age/grade level); intervention characteristics; MVPA, learning, health,

and facilitators of learning outcomes. One author extracted the data from included studies.

The primary outcomes of interest are the effects of classroom-based PA intervention
programmes which integrate academic content on the MVPA levels, health, learning,
and/or facilitators of learning of children aged 5-18 years. The effect size (ES) for each
outcome of interest was calculated using the method described in Zhu (2016) within each
of the included studies and recorded in Table 2.3. Cohen’s d index (ES) (Cohen 1988)
was calculated as the difference between treatment and control group means divided by
the pooled standard deviation. In studies where pre- and post- test means and standard
deviations were reported for each group, ES was calculated by subtracting pre-test ES
from post-test ES (Erwin et al. 2012). Difference between post-test and pre-test means
divided by the pooled standard deviation was used to compute ES for pre/post-test designs
(Cohen 1988). In studies which evaluated difference in effect between different grade
levels ES was calculated by subtracting the lower grade mean from the upper grade mean
(difference between the groups) and dividing by the pooled standard deviation (Cohen
1988). Reported results were assessed in terms of Cohen’s effect size standard (> 0.8 =
large; < 0.8 to > 0.2 = medium; < 0.2 = small) (Cohen 1988). Studies with secondary
outcomes received separate effect size scores for each outcome. Neither Liu et al. (2007)
nor Reed et al. (2010) provided sufficient information to allow effect size calculation for

PA outcomes. PA was a secondary outcome in the study by Reed et al. (2010).

All relevant information related to the outcomes of interest was extracted from each of
the included studies and inserted into an Excel spreadsheet where it was collated and

analyzed.

The studies were also grouped into those which presented PA outcomes only, learning,
facilitators of learning or health outcomes only or those which presented a combination
of these outcomes (See Appendix B, Appendix C, and Appendix D). Authors of all
included articles were contacted via email and asked to confirm that the information
outlined in the appendices accurately represents their study. Thirteen authors responded
confirming the accuracy of the information presented (Donnelly ef al. 2009, Donnelly

and Lambourne 2011, Erwin et al. 2011a, Finn and Mclnnis 2014, Goh et al. 2014, Lee
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and Thomas 2011, Liu et al. 2007, Mahar et al. 2006, Mullender-Wijnsma et al. 2015,
Oliver et al. 2006, Reznik et al. 2015, Riley et al. 2015, Li et al. 2010).

2.13.5 Risk of Bias Assessment
An evaluation of study merit was carried out using the Cochrane Collaboration ‘risk of

bias’s assessment tool (Higgins et al. 2011). This seven-component rating scale for trials
assesses randomization, allocation blinding, blinding of participants and researchers,
incomplete outcome data, discriminatory reporting, and other potential biases. High,
unclear or low risk of bias were awarded in each category. A summary of the assessment

is outlined in Table 2.1.

2.14 Results

2.14.1 Study Selection
A total of 909 studies were identified through the electronic databases and an additional

26 articles through searching references of relevant papers and searching studies that have
cited these papers. Three hundred and four duplicates were removed. Of the 631 titles
and abstracts screened 568 were excluded as they did not meet the inclusion criteria.
Sixty-three full text articles were then reviewed. Fifteen of these met the inclusion
conditions and were examined in the systematic review. Two of these studies reported
outcome measures from the same participants so they were combined in the analysis
(Donnelly et al. 2009, Donnelly and Lambourne 2011). Figure 2.1 outlines further details

including the reasons for exclusion of the full text articles reviewed.
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Table 2.1 Risk of Bias Assessment of Identified Studies

<88 §8 =& &z EE S¥E g
555 S5 2% Ef] E: $3% 2
FnQ <0 C--" mMS s = o ~wn O
Donnelly et al. (2009) unclear  unclear high low low unclear low
Donnelly and
Lambourne (2011) unclear  unclear unclear low unclear unclear unclear
Dunn et al. (2012) high high high low low unclear high
Erwin et al. (2011a) high high unclear unclear high unclear high
Finn and Mclnnis
(2014) high high unclear unclear wunclear unclear high
Goh et al. (2014) high high unclear unclear low unclear high
Lee and Thomas
(2011) high high unclear unclear wunclear unclear high
Li et al. (2010) unclear unclear unclear low low unclear low
Liu et al. (2007) high high unclear unclear unclear high high
Mabhar et al. (2006) unclear  unclear high high unclear unclear high
Mullender-Wijnsma et
al. (2015) high high unclear unclear wunclear unclear high
Oliver et al. (2006) high high high high low unclear high
Reed et al. (2010) unclear  unclear unclear unclear high unclear high
Reznik et al. (2015) unclear unclear high high low unclear low
Riley et al. (2015) low unclear high high low unclear low

2.14.2 Study Characteristics

All 15 studies selected for this review are classroom-based interventions of at least 1 week

duration which integrate PA and academic content. Study sizes ranged from n =47 (Finn

and Mclnnis 2014) to n = 4700 (Li et al. 2010). A total of 9,067 students were tested

across included studies however, this does not include one study which reported the

number of classrooms (n = 144) rather than the number of participants in the study (Dunn

et al. 2012). Overall 2,554 students were assessed for MVPA outcomes, n = 2,173 for

learning outcomes, n = 416 for facilitators of learning outcomes and n = 6,980 students

were assessed for health outcomes. All participants were aged between 5 and 12 years

with all studies taking place in primary schools. No intervention based in a secondary
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school setting met the inclusion criteria. One study had female participants only (Finn
and MclInnis 2014). Sex of participants ranged from 42.9% males (Donnelly ez al. 2009)
to 58.7% males (Erwin et al. 2011a). Three studies did not report participants’ sex (Dunn

etal. 2012, Lee and Thomas 2011, Mahar et al. 2006).

Nine studies took place in the U.S. with the remaining studies located in China,
Netherlands, New Zealand, and Australia. Six studies conducted randomised controlled
trials (Donnelly et al. 2009, Mahar et al. 2006, Reed et al. 2010, Reznik et al. 2015,
Riley et al. 2015, Li et al. 2010) while the other studies used non-randomised controlled
trials or employed pre/post-test designs with baseline, intervention, and post-intervention
assessments. One study did not use a comparative group (Finn and MclInnis 2014). The
included studies evaluate a range of primary and secondary outcomes which are

summarized in Table 2.2 along with the aforementioned study characteristics.

2.14.3 Intervention
To be included in this review, the intervention duration was set at a minimum of one

week. This included interventions which took place on five consecutive weekdays. Table
2.2 outlines the intervention durations which ranged from 2 weeks (Lee and Thomas,
2011) to 3 academic years (Donnelly e al. 2009). The majority of studies (8) were in the
range of 2 to 8 weeks. All included interventions were required to involve the teaching
of academic lessons with the integration of PA. The classroom-based PA intervention
was the sole intervention of all included studies. Five interventions were based on the
principles of TAKE 10! which comprises 10 min of PA integrated into core academic
lessons at least once a day (Donnelly et al. 2009, Goh et al. 2014, Liu et al. 2007,
Mullender-Wijnsma et al. 2015, Li et al. 2010). Move-To-Improve (Dunn et al. 2012),
Energizers (Mahar et al. 2006), the EASY Minds study (Riley et al. 2015), and the
studies by Erwin ef al. (2011a) and Reed et al. (2010) also involve the integration of PA
into core curricular content from once a day to three times a week. Two interventions
involved the use of PA data objectively collected from the students to teach math and
science content (Finn and Mclnnis 2014, Lee and Thomas 2011). The CHAM JAM
intervention consisted of educational focused aerobic activities taught through the use of
a CD, for 10 min three times a day (Reznik ef al. 2015). The final study involved virtually
walking around New Zealand which integrated educational content and the tracking of
steps taken by individual students to reach each destination city (Oliver et al. 2006).

Tables 2.2 and 2.3 summarize the data which was extracted and present effect sizes for
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outcome measures. Appendix B, Appendix C and Appendix D provide more detailed

information on the individual studies.

Implementation of the interventions varied with some research teams implementing the
active lessons themselves (Riley et al. 2015), other research teams assisting teachers with
design and execution of the lessons (Donnelly et al. 2009, Lee and Thomas 2011),
specialist teachers were hired and trained to deliver the F&V programme (Mullender-
Wijnsma et al. 2015) while classroom teachers implemented physically active lessons
themselves in the eleven remaining studies. Seven studies provided classroom teachers
with training on the intervention programmes (Donnelly ef al. 2009, Dunn et al. 2012,
Erwin ef al. 2011a, Goh et al. 2014, Mahar er al. 2006, Reed er al. 2010, Li et al.
2010). This training varied in duration and frequency between the studies from 45 min of
once off training (Mahar et al. 2006) to 6 hours at the beginning of each academic year
(Donnelly et al. 2009). No teacher training was specified in the other studies. Resources
provided to teachers also varied. Some studies did not provide any resources at all
(Donnelly et al. 2009, Erwin et al. 2011a, Liu et al. 2007, Mullender-Wijnsma et al.
2015, Oliver et al. 2006, Reed et al. 2010, Riley et al. 2015) whereas 30 fitness breaks
and equipment kits were provided to participating teachers in one study (Dunn et al.
2012). Lee and Thomas (2011) supplied Physical Activity Data (PAD) technologies for
student use and many studies supplied teachers with lesson plans and web links to their
respective programmes (Finn and Mclnnis 2014, Goh ef al. 2014, Mahar et al. 2006,
Reznik et al. 2015, Li et al. 2010). Incentives for participation in the PA intervention
were provided in four studies. Two studies used tracking posters and stickers to motivate
student participation (Liu et al. 2007, Li et al. 2010), a third study awarded students with
sports center passes and teachers with an undisclosed payment for their participation and
compliance with the programme (Erwin et al. 2011a) while the fourth study awarded
teachers with a professional development stipend of $68.14 (Dunn et al. 2012). Riley et
al. (2015) specified that no incentives were used in their project. No other paper referred
to whether incentives or rewards were used or not. Six studies outline the detail of
intervention lessons (Erwin et al. 2011a, Oliver et al. 2006, Riley et al. 2015) or include
web links to the lessons allowing them to be replicated (Goh ef al. 2014, Mahar et al.
2006, Reznik et al. 2015). Only three studies mention that theoretical frameworks guide
their intervention designs. Erwin et al. (2011a) discuss the Ecological Model with
emphasis on the impact of community and surroundings on the behavior of individuals.

Mullender-Wijnsma et al. (2015) describe the theory of ‘brain-based learning’ which
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places emphasis on grounding teaching methods in the neuroscience of learning and
Reznik et al. (2015) use the RE-AIM framework to guide their design. This places
emphasis on the “Reach, Effectiveness, Adoption, Implementation, and Maintenance” of

an intervention programme.

Nine studies reported the use of subgroups for analysis of outcomes. Four of these
included subgroups to assess PA levels (Donnelly ef al. 2009, Erwin et al. 2011a, Goh
et al. 2014) or energy expenditure (Liu et al. 2007) using PA monitors. Four studies
observed on-task behavior of subgroups (Donnelly er al. 2009, Mahar et al. 2006,
Mullender-Wijnsma et al. 2015, Reed et al. 2010) and two studies selected subgroups
to participate in focus group or individual interviews to assess learning and enjoyment
(Finn and McInnis 2014, Lee and Thomas 2011). Of the studies which featured
subgroups, only one (Mahar et al. 2006) described the selection of participants by
randomization. All other subgroups were preferentially selected by teachers or

researchers or by means not specified in the study.

2.14.4 Intervention Fidelity and Implementation
Direct observation by the researchers and teacher self-report records were used to

evaluate intervention fidelity and/ or teacher compliance in six studies (Donnelly et al.
2009, Goh et al. 2014, Mahar et al. 2006, Mullender-Wijnsma et al. 2015, Reed et al.
2010, Reznik et al. 2015). Teacher self-report questionnaires revealed that PAAC schools
achieved 50-83% of the target 90 minutes of MVPA (Donnelly et al. 2009). Teachers
reported that an average of one ten minute TAKE 10! activity per school day can be
successfully implemented (Goh er al. 2014). Eighty nine percent of teachers were found
to comply with performing Energizers activities once a day (Mahar er al. 2006).
Implementation and fidelity of the F&V (Mullender-Wijnsma et al. 2015) programme
was assessed using observations, teacher-reports and heart rate monitors. Results indicate
lessons lasted close to the intended 20-30 minutes, 98% of the lesson content was
discussed, on-task behaviour was above 70%, and the students were moderate-to-
vigorous physically active for 64% of the lesson time. Similar process measures from the
CHAM JAM study report that teachers implemented an average of 60-83% of the target
activities at Time 2. Finally, to monitor fidelity of their intervention delivery Reed ef al.
(2010) state that random audits by direct observation were carried out, however, they do

not provide a report of these observations.
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Table 2.3 Summary of Classroom-Based PA Interventions and their Overall
Effects on PA, BMI and Academic Outcomes

Study Classroom-based PA  Outcomes (Effect Size Reported as Cohen’s d)
intervention elements
PA Active PA BMI Learning Facilitators
integrated  learning of Learning
into core & using
academic  PA data
subjects
Donnelly X 0.65 1 0.01 “
et al. —
(2009),
Donnelly
&
Lambourne
(2011)
Dunn et al. X 1.24 1
(2012)
Erwin et X 1.84% 1
al. (2011) 0.54¢ <1
Finn and X q/dde
Mclnnis
(2014)
Goh et al. X -0.11°¢
(2014) 0241 1
Lee and X 0.488 «
Thomas -
(2011) 1.51"e ¢
Li et al. X -0.13
(2010) °]
Liu et al. X o 1 1?
(2007)
Mahar et X 0.49 1 0.6 1
al. (2006)
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Table 2.3 Summary of Classroom-Based PA Interventions and their Overall
Effects on PA, BMI and Academic Outcomes (cont’d)

Study Classroom-based PA ~ Outcomes (Effect Size Reported as Cohen’s d)
intervention elements
PA Active PA BMI Learning Facilitators
integrated  learning of Learning
into core & using
academic  PA data
subjects
Mullender- X 1- 0.66,
Wijnsma et 0.7
al. (2015) 1-0.16,
0.53
Oliver et xK 0.09 * <>
al. (2006)
Reed et al. X — 0.3'1
(2010) et
Reznik et X 0.16 1
al. (2015)
Riley et al. X 2.48% 1 0.9 1
(2014) 1.62°¢ 1

Note. » = primary outcome; T = reported as statistically significant increase; | = reported
as statistically significant decrease; <> = no significant change; ~ = mixed results; g/d =

qualitative data

4 not enough information provided to calculate; b Math class; € whole school day; dno
comparative group; ¢ change in daily steps;  change in intensity; & learning; " reasoning; |
Maths grade 2, grade 3; ' Reading grade 2, grade 3; ¥ virtual walk; 'fluid intelligence; ™
Social Studies; "Maths, Science & English
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2.15 Outcomes

2.15.1 Physical Activity
As illustrated in Table 2.3 ten studies reported the effects of interventions on PA

outcomes. Accelerometers (Donnelly ef al. 2009, Riley et al. 2015), pedometers (Mahar
et al. 2006, Oliver et al. 2006, Reed et al. 2010, Reznik et al. 2015), and both
accelerometers and pedometers (Erwin et al. 2011a, Goh et al. 2014) were used to
evaluate PA intensity levels and step counts in eight studies. Dunn et al. (2012) used
observation to evaluate minutes spent in PA per day. Donnelly et al. (2009) used the
System for Observing Fitness Instructional Time (SOFIT) to evaluate the intensity of
classroom PA. Energy expenditure was assessed using Zhi-Ji UX-01 PA monitors and
time spent in PA was evaluated using a self-report questionnaire completed by students
in one study (Liu et al. 2007). In addition to using pedometers, Reed ef al. (2010) also
used the Previous Day Physical Activity Recall (PDPAR) questionnaire to evaluate
students’ PA levels. Two additional studies incorporated the use of heart rate monitors
and pedometers to collect PA data however, the data was used for educational purposes
within the classroom and was not evaluated by the researchers (Finn and Mclnnis 2014,

Lee and Thomas 2011).

Of the ten studies reporting PA outcomes for physically active academic lesson
interventions on students’ daily PA levels, three were found to exceed Cohen’s
convention for a large effect (Cohen’s d > 0.8) (Dunn ef al. 2012, Erwin et al. 2011a,

Riley et al. 2015). Effect sizes for all ten studies are outlined in Table 2.3.

2.15.2 Learning Outcomes
Four studies assessed the effect of physically active academic lessons on academic

attainment (Donnelly ef al. 2009, Lee and Thomas 2011, Mullender-Wijnsma et al. 2015,
Reed et al. 2010). Standardized assessments were used in three of these studies. Donnelly
et al. (2009) used the Wechsler Individual Achievement Test-2nd Edition (WIAT-II-A;
The Psychological Corporation 2001) to assess achievement in literacy skills and math.
Reed er al. (2010) evaluated student achievement using the Palmetto Achievement
Challenge Test (PACT) authorized by the South Carolina Education Accountability Act
of 1998 and the U.S. government No Child Left Behind Act of 2001. Mullender-Wijnsma
et al. (2015) assessed academic achievement in math through the use of a Tempo-Test-
Rekenen (Speed Test Arithmetic), and the E’en-Minuut-Test (1-Minute Test) assessed

the students’ reading ability. Lee and Thomas (2011) alternatively used a researcher and
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teacher designed written test and structured interviews to evaluate the students’ learning

of math and science topics.

Effect sizes for the studies reporting learning outcomes are outlined in Table 2.3. The
PAAC study did not provide sufficient information to calculate effect size for active
academic lessons on student’s academic achievement however, the authors report a
statistically significant improvement (Donnelly et al. 2009, Donnelly and Lambourne

2011).

2.15.3 Facilitators of Learning Outcomes
Three of the included studies evaluated facilitators of learning. Three main facilitators

were considered: teacher approval (Finn and Mclnnis 2014, Riley ef al. 2015), student
enjoyment (Finn and MclInnis 2014, Riley ef al. 2015), and on-task behavior (Mahar et
al. 2006, Riley et al. 2015). The nature of qualitative data collected for these outcomes

did not allow for effect size calculations.

Teacher approval was evaluated using survey (Riley et al. 2015) and interview
techniques (Finn and Mclnnis, 2014). Two teachers completed a 5-point Likert scale to
evaluate the timing, instructor quality, appropriateness of programme content, and
programme impact of the EASY Minds study (Riley et al. 2015). It was revealed that
teachers were highly satisfied with the EASY Minds programme and its impact. They
also indicated that the programme was well received by the children and that they would
feel comfortable teaching the programme. Two teachers participated in semi structured
interviews to evaluate the feasibility and teacher approval of the Active Science
Curriculum (Finn and Mclnnis, 2014). They reported that the programme improved
students’ science inquiry skills, promoted enjoyment of PA, provided opportunities to use

technology, and provided opportunities to incorporate PA into academic lessons.

Both studies (Finn and Mclnnis 2014, Riley et al. 2015) which evaluated student
enjoyment of active academic lessons used student questionnaires. Finn and Mclnnis
(2014) adapted the Physical Activity Enjoyment Scales (PACES) questionnaire
(Kendzierski and DeCarlo 1991) and also conducted focus group discussions with a sub-
sample of students. They reported that students enjoyed the integration of PA into science
lessons and that the students felt they gained academically from the active lessons. The

evaluation questions in the EASY Minds study (Riley et al. 2015) applied a 5 point Likert
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scale ordered from 1 (strongly disagree) to 5 (strongly agree). Results revealed that
students were highly satisfied with the programme, that they found the programme highly

enjoyable, and enjoyed engaging in PA during their lessons.

Both studies (Mahar e al. 2006, Riley et al. 2015) which evaluated on-task behavior
used momentary time sampling procedures to observe a sub-sample of students. Both
studies also assigned two trained observers to simultaneously observe 6 students at a time
on a rotational basis. Students were observed at 15 second intervals over a 30 min period
(Mabhar et al. 2006, Riley et al. 2015). Periods the students were observed varied between
the studies. Students were observed in a 1 hour time slot at baseline, midpoint, and post-
test during the EASY Minds study (Riley et al. 2015). Intervention lessons were taking
place within this observational time at midpoint and post-test. Alternatively, on-task
behavior was evaluated for 30 min during regular lessons directly pre and post student
participation in Energizers activities (Mahar et al. 2006), by one observer throughout the
Energizers study. However, the second observer only observed 40% of all classes. Both
studies were found to have positive effects of physically active academic lessons on
students’ on-task behavior. The EASY Minds study (Riley et al. 2015) was found to have
a large effect for change in students’ on-task behavior between intervention and control
groups from pre- to post- intervention. Energizers (Mahar et al. 2006) were found to
have a medium effect on on-task behavior from pre- to post- Energizers, across all classes,

during the study period.

2.15.4 Health Outcome (BMI)
Three studies included in this review evaluated health outcomes as a result of

implementing physically active academic lessons in the classroom (Donnelly ez al. 2009,
Liu er al. 2007, Li et al. 2010). All three studies evaluated the intervention effect on
students’ BMI levels and defined BMI categories based on age- and sex-specific BMI
calculations (Group of China Obesity Task Force 2004, Kuczmarski et al. 2002,
Multicenter Growth Reference Study Group, World Health Organization 2006). Weight
and height measurements were taken with stadiometers and digital scales. Donnelly et al.
(2009) obtained height and weight measures at the beginning and end of each of their 3
intervention years. Liu et al. (2007) collected age, sex, height, and weight data pre- and
post- intervention. Li et al. (2010) collected measures at baseline, 1 year later during the
intervention and the following year at follow-up. Li ef al. (2010) reported that students

fasted the night before measurements took place.
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All three studies evaluating BMI noted small effect sizes. Although no significant
difference was identified in the prevalence of overweight and obesity between control
and intervention groups in the Happy 10! studies (Li ef al. 2010, Liu et al. 2007), a small
effect size was calculated for change in both BMI and BMI z-scores between the groups
in Li et al. (2010). In this report Happy 10! was found to have a similar effect on boys (-
0.06) and girls (-0.08) with a more pronounced effect among obese children at baseline
(-0.07) (Li et al. 2010). The Liu et al. (2007) report however, did not provide sufficient
information to compute effect sizes. In the PAAC study (Donnelly ef al. 2009) a small
effect was found for change in BMI between PAAC and control schools from baseline to
year three. However, change in BMI was influenced by exposure to PAAC, with a
moderate correlation reported for BMI change and average weekly PAAC minutes.
Schools that participated in > 75 min of PAAC/week had statistically significant lower
increases in BMI at 3 years in comparison to those that participated in < 75 min of

PAAC/week (r* = 0.42, p=.02).

2.16 Discussion
This systematic literature review suggests that physically active academic lessons in the

classroom can improve MVPA levels of children. There is also evidence that BMI,
academic performance, and facilitators of learning may be improved by teaching
academic content using physically active methods. Readers should be cognizant however
of the great variances that were identified between the studies with regard to number of
study participants, intervention duration, training and resources provided, implementation
personnel, use of theoretical frameworks, and outcomes. With only six of the included
studies using randomised controlled trials to evaluate their primary outcomes (See Table
2.2), this review demonstrates the need to undertake more robust research to evaluate the
effects of physically active academic lessons on health and academic outcomes.
Nevertheless, the body of evidence presented supports recommendations by the
Comprehensive School Physical Activity Program (CSPAP) (Centers for Disease Control
and Prevention 2010) to integrate PA into academic lessons since results indicate that
improvements occurred in students’ PA levels in addition to enhancing their learning.
Suggestions that short stints of PA throughout the school day can contribute towards
health benefits (Barr-Anderson ef al. 2011) are also supported. This implies that if
implemented long-term and widely, such interventions may result in health improvements
reducing the risk of early death and the problem of non-communicable diseases (WHO

2010).
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Of the ten studies reporting PA outcomes, six were found to have medium-to-large effects
(Cohen 1988) of the physically active lessons on student PA levels. A variety of data
collection instruments were used to gather PA data across the studies. These ranged from
objective tools such as accelerometers, pedometers, heart rate and PA monitors, and direct
observation (SOFIT) which provide measures of PA intensity and/or duration, to self-
report questionnaires and Previous Day Physical Activity Recall questionnaires
(PDPAR). It has been argued that each measurement tool has its strengths and limitations
and that there will always be a compromise between “practicality and accuracy when it
comes to... PA measurement... among children” (Trost 2007, p. 299). Baranowski et al.
(1984) evaluated the use of self-report instruments with children and reported that
children younger than 10 years were unable to accurately recall activities or quantify the
duration of the activities. Nevertheless, self-report measures have been deemed valid and
reliable instruments to observe changes in PA behavior in children (Pate et al. 2005)
since they provide detailed information on the nature and circumstances of PA along with
being inexpensive. Objective measures have been recommended (Trost 2007) as more
acceptable for young children since they are unobtrusive and not subject to recall bias.
However, they too have their limitations such as being expensive and logistically difficult
to administer. Therefore, the positive results which have emerged, considering the
strengths and limitations of the range of measurement tools used, demonstrate that there

is potential in such interventions to improve the PA levels of primary school children.

Several reports have emphasized the importance that teacher and student attitudes play in
determining the success or failure of classroom-based PA interventions (Cothran et al.
2010, Fullan 2007, McMullen et al. 2014). This review found that students enjoyed
physically active lessons and that teachers expressed positive attitudes towards their
implementation and outcomes (Finn and Mclnnis 2014, Riley et al. 2015). These findings
are reconcilable with previous work which examined teacher approval and student
enjoyment of school- and classroom-based PA programmes (Cothran et al. 2010,
Dishman et al. 2005, McMullen et al. 2014, Schneider and Cooper 2011). Cothran et al.
(2010) and McMullen et al. (2014) reported that teachers were most satisfied with PA
breaks that incorporate academic content and support what they had planned to teach
rather than being additional activities. Teachers approved lessons which were easy to
implement, enhanced learning, and which lead to student enjoyment. Teachers in the
Cothran et al. (2010) and McMullen et al. (2014) studies also reported that integrating
PA increased attentiveness in academic lessons while also motivating and exciting
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students to participate academically. Schneider and Cooper (2011) and Dishman et al.
(2005) previously emphasized that interventions should target student enjoyment and aim
to promote successful PA experiences which incorporate small group interaction and
deemphasize competition. This evidence (Allender et al. 2006, Cothran et al. 2010,
Howie et al. 2014, McMullen et al. 2014) suggests that it is essential to evaluate teacher
approval and student enjoyment with regard to PA interventions, however these outcomes
have only been evaluated in two included studies. What children do in the classroom is
mainly controlled by the teacher, as students cannot be physically active in the classroom
without teacher approval (Martin and Murtagh 2015b). Therefore, teachers’ behavior and
attitudes play a fundamental role in influencing the effectiveness (Fullan 2007) of
classroom-based interventions. Changing their teaching methods is a personal decision
by the teacher and decisions to participate are influenced by their approval of intervention
programmes (Cothran et al. 2010). Since student enjoyment has also been found to
influence and control the effect of PA interventions (Howie e al. 2014), as well as being
identified as a dominant motivational factor to participate in PA and the primary element
of student acceptability of PA programmes (Allender et al. 2006), it is an outcome which
should not be overlooked. Teacher approval of classroom-based PA interventions also
relies on this enjoyment (McMullen et al. 2014, Martin and Murtagh 2015b). Therefore,
to develop effective PA interventions it is essential that both teachers and students are
satisfied with the programme and perhaps these are outcomes which should be considered

in similar studies in the future.

Given that it is well documented that girls are much less active than boys (Riddoch et al.
2004, Sherar et al. 2007) it is quite surprising that only one study (Oliver ef al. 2006)
reported sex specific findings of PA data. In an evaluation of sedentary behavior and PA
levels of 10 to 14-year-old children during the segmented school day, Bailey et al. (2012)
reported that the least amount of MVPA was accumulated during class time (Boys 11.2%,
Girls 10.2%) and the majority of class time was spent in sedentary (Boys 69.4%, Girls
71.2%) with no significant differences between the sexes for either. However, during
their classroom-based intervention Oliver et al. (2006) reported that least active students,
especially girls, significantly increased their PA levels. Similarly, in an evaluation of PA
breaks in the classroom, Erwin et al. (2011b) found that the intervention was particularly
effective for those in the high risk, low-active groups and had the same effect for boys
and girls. Erwin et al. (2011b) concluded that the insignificant difference between the

sexes may have been because the intervention was carried out in the confined space of
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the classroom where all children participated equally in the opportunities presented to
them. Martin and Murtagh (2015b) also report no significant difference in the PA levels
accumulated during intervention lessons between the sexes. It has been reported that in
less structured school-based time periods such as recess and lunch, boys have been found
to accumulate more MVPA (Bailey ef al. 2012) therefore, under structured guidance such
as during classroom interventions girls seem to be likely to make similar gains to their
male counterparts. This indicates that classroom-based PA interventions hold great
promise in increasing the PA levels of all students, regardless of sex. These interventions
could also especially benefit least-active children who need to be facilitated with more

structured opportunities to be active.

The extensiveness of childhood obesity has reached pandemic proportions in the US
(Ogden et al. 2014), the UK (Stamatakis et al. 2010), and in European countries (Wang
and Lobstein 2006) with over 22% of 7 to 17-year-old children now considered
overweight/obese. This is also seen in Ireland with 26% of 9 and 13-year-old children
considered overweight/obese (Layte and McCrory 2011). Since childhood obesity
continues into adulthood and significantly increases the risk of disease and premature
death, prevention has become a matter of urgency (WHO 2010). Increasing PA has been
identified as an important strategy for the prevention of childhood obesity as it reduces
BMI through increased energy expenditure and fat oxidation (Epstein and Goldfield
1999). The results presented in the current review indicate potential for classroom-based
PA programmes in improving future public health. All three studies which examined
intervention effects on students’ BMI reported some positive results (Donnelly et al.
2009, Liu et al. 2007, Li et al. 2010). This can be supported by other investigations
which examined the link between PA and BMI. Kimm et al. (2005) reported that
increased PA is linked to decreased weight gain in adolescents and children. They found
that children who engaged in more MVPA had a reduced risk of obesity than their
sedentary peers. A systematic review of the literature by Doak et al. (2006) concluded
that simple PA intervention programmes, such as incorporating daily PA into the school
curriculum (Dwyer et al. 1983) and increasing PA during school break times (Sallis et al.
1993), are capable of preventing obesity in children. The evidence presented lends
promise to the use of classroom-based PA interventions in contributing towards the
improvement of children’s health by striving to achieve BMI levels which are within the

range for optimum health benefits.
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With schools facing challenges in designating time for PA throughout the school day due
to emphasis on core academic subjects, it is important to illustrate that incorporating PA
into the classroom does not detract from academic performance but may enhance it. It
has been proven that PA has a positive impact on cognitive development (Hillman et al.
2008), cognitive skills, attitudes, and academic behavior, such as memory and
concentration which are all important elements of enhanced academic performance
(Centers for Disease Control and Prevention 2010). Of the studies evaluating the impact
of physically active academic lessons on student learning in the current review, all four
studies reported some positive effects (Donnelly et al. 2009, Lee and Thomas 2011,
Mullender-Wijnsma et al. 2015, Reed et al. 2010). Students were examined mainly in
math, reading, writing, and science. Lee and Thomas (2011) argue that the lack of
difference in academic achievement between control and intervention groups in their
study indicates that similar learning content was being covered in the traditional
classroom and the classroom using PAD technologies. However, the authors claim that
the PAD activities facilitate students to work with more complex data than their textbooks
provide and consequently this intervention was found to have a large effect on reasoning

tasks with contextualized data between the groups.

Of note is that all of the studies administered different assessments which limits
comparability across interventions. Direct observation was used in both studies
examining the relationship between the active lessons and time-on-task (Mahar ez al.
2006, Riley et al. 2015). Medium and large effect sizes for behavior and time-on-task
both during and following the active lessons were demonstrated in these studies. The
findings presented support several previous publications which summarized the effect of
active lessons on educational outcomes (Barr-Anderson et al. 2011, Bartholomew and
Jowers 2011, Centers for Disease Control and Prevention 2010). Furthermore,
implementing the interventions did not negatively affect students’ learning, which
provides counter-argument to some teachers’ beliefs that increasing time spent teaching

PA adversely affects students’ academic achievements (Morgan and Hansen 2008).

The variances outlined across the studies with regard to duration of student exposure to
physically active lessons, proportion of PA incorporated into lesson time, frequency of
implementation, types of activities, teacher training, provision of resources and
implementation personnel (teacher or researchers) highlights the need to rigorously
examine and develop specific guidelines for teachers on how best physically active
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academic lessons should be implemented in the classroom in order to be effective in

achieving health and educational gains.

2.17 Limitations
There are several limitations of note. First, the search strategy was limited to English-

language publications. Second, no studies with children over 12 years old met the
inclusion criteria so results are limited to interventions which took place in primary
schools only. Third, there is a limited number of studies included in the review
particularly for BMI, learning and/or facilitators of learning outcomes and consequently
conclusions are drawn based on a small number of articles. Many of the included studies
were assessed to be of high risk of bias in many areas according to the Cochrane
Collaboration assessment tool (Higgins et al. 2011) or did not include sufficient
information to make firm judgements about bias. Therefore, the results reported must be
interpreted with caution since less rigorous studies may be biased toward overestimating
or underestimating true intervention effects (Higgins ef al. 2011). Fourth, as also noted
in an earlier review (Norris et al. 2015), only three of the included studies considered
theoretical frameworks in the development of their interventions (Erwin et al. 2011a,
Mullender-Wijnsma et al. 2015, Reznik et al. 2015). There is evidence that PA
interventions guided by behavior change theories are more effective and have more
enduring results (Michie and Abraham 2004) than those that are not. Grounding future
interventions in behavior change theories will ensure that they are provided with a valid
foundation for their development (Norris et al. 2015). Fifth, only six studies provided
detailed information regarding the active lessons implemented (Erwin ef al. 2011a, Goh
et al. 2014, Mahar et al. 2006, Oliver et al. 2006, Reznik et al. 2015, Riley et al. 2015)
which limits the extent to which the components of the interventions can be fully
examined or replicated. Variation in the duration of the interventions, which range from
1 week to 3 academic years, is an additional limitation. This great variance in student
exposure to physically active academic lessons makes comparisons across the studies
difficult since students received different total volume and frequency of active lessons.
Sixth, not all of the authors contacted responded to confirm the accuracy of information
presented regarding their studies. Seventh, since nine of the fourteen studies were carried
out in the U.S. it may be problematic to generalize results to educational systems of other
countries. Though it is worth noting that the US-based TAKE 10! programme was
successfully adapted for China (Liu et al. 2007, Li et al. 2010) and Netherlands
(Mullender-Wijnsma et al. 2015). Finally, we acknowledge that our findings are based
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on the published evidence available. It is possible that studies suggesting a beneficial
intervention effect or a larger effect size are published, while a similar amount of data
pointing in the other direction remains unpublished (Sterne ef al. 2011). Such publication
bias could overestimate the impact of classroom-based PA interventions on health and/or

academic outcomes.

2.18 Conclusions
This review illustrates the important role that physically active academic lessons can play

in increasing PA levels of schoolchildren. Additionally, potential benefits for education
and health outcomes, and facilitators of learning were observed. Several
recommendations with regard to study design and reporting have been identified.
Specifically, this review demonstrates the need for future research to involve more robust
designs, i.e. randomized controlled trials, and adhere to reporting standards, e.g.
CONSORT (Schulz et al. 2010) so that conclusions can be drawn from well designed and
reported, high quality studies. The results reported are of relevance for policy-makers,
educational administrators, and teachers. Our findings provide evidence for the valuable
contribution that physically active teaching methods can make to school-based health

promotion.

2.19 What Does This Article Add?
This review evaluates existing classroom-based PA interventions which integrate

academic content with respect to four major outcomes in this area. Although a previous
review has been carried out which evaluates the effect of such interventions on PA levels
and academic attainment, this is the first review to consider these outcomes as well as,
health (BMI) and facilitators of learning outcomes. Facilitators of learning outcomes such
as teacher approval and student enjoyment have previously been identified as essential in
determining the success of classroom-based PA interventions and although a limited
number of studies were available to assess this outcome in the current review, results
support these previous findings and indicate that evaluations of teacher approval and
student enjoyment should be included in future intervention studies. Results also indicate
the potentially positive contribution accumulating PA through these interventions can
make to the health of students. This review also demonstrates the need for researchers to
undertake more robust research designs such as randomized controlled trials in their
evaluation of such interventions to reduce the potential for bias and avoid misleading

conclusions being drawn. Notwithstanding the aforementioned limitations regarding risk
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of bias in studies and the limited number of studies available, this review illustrates the
positive effects physically active academic lessons can have on PA levels, health,
learning, and facilitators of learning outcomes. It also highlights how such interventions
can assist teachers in coping with barriers to improve PA levels of their students without
negatively affecting academic teaching time. The evaluation of these outcomes in this
review provides emerging evidence for the implementation of such interventions and

makes a valuable contribution to the existing body of knowledge in this area.

2.20 Chapter Conclusion
Part A of this literature review highlights the health benefits of PA for primary school

children and presents the important role schools can play in improving their current PA
levels. The various ways PA is incorporated into the school and classroom environments
are presented. Integrating PA into the academic content of the curriculum is highlighted
as a means to overcome existing barriers to the implementation of PA interventions. The
systematic review reported in Part B illustrates that movement integration is an effective
strategy to improve PA levels, academic and health outcomes. No such programme which
integrates movement into the academic content of the Irish Primary School Curriculum
(NCCA 1999) has yet been developed. Therefore, this thesis study focuses on the
development and evaluation of a PA intervention which integrates movement into the
academic content of the Irish Primary School Curriculum and can be taught by classroom
teachers, during class time. This thesis is also unique in that it evaluates teacher and
student perceptions of participating in the programme, as well as the objectively measured
PA data. This study intends to build on the design, implementation and evaluation
limitations of previous movement integration studies by grounding the intervention in a
behaviour change theory, using a cluster randomised controlled trial and adhering to the
CONSORT (Schultz et al. 2010) guidelines. The following chapter outlines a pilot study

to examine the preliminary efficacy of the ‘Active Classrooms’ study.
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Chapter 3: Preliminary findings of Active Classrooms: An intervention to increase
physical activity levels of primary school children during class time

Preamble

The following article outlines the design and conduct of the ‘Active Classrooms’ pilot
study which was implemented to evaluate the effects of the intervention lessons on
students’ MVPA levels. This study also aimed to evaluate practical implementation issues
through an evaluation of teacher acceptability of the programme. Student enjoyment of
participating in the intervention lessons was also evaluated. This article has been peer-
reviewed and published in Teaching and Teacher Education, impact factor 2015: 1.823
(Thomson Reuters, Journal Citation Reports 2016). The full citation for the article is as
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3.1 Abstract
This study evaluates the effects of a behaviour change intervention, which encourages the

integration of PA into the teaching of academic lessons, on PA levels of students. The
main outcome is mean minutes of moderate-to-vigorous physical activity (MVPA) daily
generated during the intervention lessons. Teacher’s perceptions and students’ enjoyment
of the programme were also evaluated. Students accumulated a mean of 8 minutes MVPA
during the intervention lessons daily. The teacher and students were very satisfied with
the programme. Therefore, changing teacher behaviour towards using physically active

teaching methods is a promising way of increasing children’s PA levels.

Keywords: Physical activity; Classroom; Academic Content; Primary School;

Accelerometer
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3.2  Introduction
Less than 20% of children globally are achieving the recommended 60 minutes of

moderate to vigorous PA per day for health benefits (McCoy et al. 2012, World Health
Organization 2010). Increasing their physical activity levels has been identified as
particularly important to the long- term impact on public health (Waring et al. 2007).
Schools have been targeted as the best environments to implement PA interventions as
they are a primary location to reach the majority of children (Martin and Murtagh 2015).
However, ironically, schools internationally are reported to be one of the dominating
locations of sedentary behaviour in children with class time representing a significant
sedentary period of the day (Holt er al. 2013). Children are required to sit quietly to
receive instruction (Gibson et al. 2008). Globally it is recommended that all schools
develop policies to address PA as part of the school day and not just in PE or active travel

(World Health Organization 2010).

School-based interventions, such as Get Moving! (Spruijt-Metz et al. 2008), Bizzy Breaks
(Murtagh et al. 2013), Active and Healthy Schools (Ball et al. 2015) and Take 10!
(Stewart et al. 2004) that integrate PA throughout the day have been identified as effective
tools for increasing PA levels (Spruijt-Metz et al. 2008). They are also more sustainable
and show longer term outcomes than individual level interventions since they target large
populations (Barr-Anderson et al. 2011). The Center for Disease Control and Prevention
(CDC) Comprehensive School Physical Activity Program (CSPAP) recommends the
inclusion of school-based PA opportunities to increase PA levels of young people.
Specifically it has been recommended that PA should be integrated into classroom
learning since movement has been found to enhance learning (Centers for Disease Control
and Prevention 2010). However, emphasis on Literacy and Numeracy in primary school
classrooms has resulted in a lack of time for PA and a lack of emphasis on PE
(Bartholomew and Jowers 2011). In order to address this problem which places emphasis
on academic content to the detriment of PA, methods of integrating PA into academic
lessons in the classroom are warranted. Here we distinguish between activity breaks,
which involve the promotion of PA in the classroom without curriculum learning
outcomes, and methods of promoting PA that allow academic content to still be taught.
School-based interventions to promote PA in this manner include active lessons (Erwin
et al. 2011a, Gibson et al. 2008), active homework (Lubans and Morgan 2008) and
changes to the classroom environment (Cardon et al. 2004). The school curriculum is an

ideal avenue for accessing all children and encouraging them to be physically active
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throughout the day. However, through a review of the literature it is evident that very few
studies focus on classroom-based interventions and of those which have only four studies
have integrated PA into the academic content of the primary school curriculum with PA
outcomes (Bartholomew and Jowers 2011, Donnelly et al. 2009, Erwin et al. 2011a,
Oliver et al. 2006, Riley et al. 2012). Results of these studies demonstrate that
encouraging classroom teachers to integrate PA into the classroom can significantly
improve student’s PA levels during class time and over the entire school day, moving
them towards achieving the recommended PA guidelines for health benefits. The
researchers also found that incorporating movement in lessons can simultaneously
contribute to children’s academic performance (Erwin et al. 2011a). In these previous
studies the implementation of physically active academic lessons contributed to
significant improvements in time students spent engaged in academic learning and in ‘on-

task’ behaviours (Grieco et al. 2009, Mahar et al. 2006, Riley et al. 2014).

Despite this evidence, few teachers use physically active teaching methods (Morgan and
Hansen 2008a). Since what children do in the classroom is largely influenced by the
teacher, teachers and their attitudes play a central role in determining the success or failure
(Fullan 2007) of classroom based interventions therefore, it is essential that teachers are
satisfied with the programme. Cothran et al. (2010) evaluated teachers’ perceptions to PA
interventions and they found that teachers’ willingness to engage in PA interventions is
influenced by their care for students’ wellbeing and interest in their own wellbeing.
Teachers’ beliefs, perceptions and attitudes towards PA have been identified as the
greatest barriers to PA promotion in the classroom (Morgan and Hansen 2008a) with time
and assessment pressures also being identified (Cothran et al. 2010). More specifically,
classroom management issues, maintaining teacher control, connection to the academic
curriculum as well as student enjoyment of the lessons are among the factors which
influence teacher decisions of including activity breaks in the classroom (McMullen et
al. 2014). In a recent systematic review, 'lack of time' emerged as the most consistently
identified barrier to implementation in school-based PA interventions (Naylor et al.
2015). Considering the increasing demands placed on teachers, PA integration across the
curriculum is emerging as an important opportunity for PA promotion. Implementing
change in the classroom is ultimately a personal, individual decision by teachers,
therefore encouraging classroom teachers to assume responsibility for integrating PA into

academic lessons requires behavioural change on the part of the teacher, as well as
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presenting them with interventions that fit with their schedules, curriculum and their

beliefs and values about teaching.

Of the existing classroom based PA interventions, only Texas I-CAN! (Bartholomew and
Jowers 2011) and the Physical Activity Across the Curriculum (PAAC) study (Donnelly
et al. 2009) focus on the behaviour of the teacher. For example Texas [-CAN!
(Bartholomew and Jowers 2011) emphasises the importance of teacher attitudes and
perceived behaviour control for successful interventions. The authors proposed that
teacher training programs might be best centred on the Theory of Planned Behaviour
(Ajzen 1985) which emphasises these factors. They reported that teacher implementation
was enhanced by providing the teachers with training, equipment and lesson ideas to
integrate PA into academic lessons. In the PAAC intervention Gibson et al. (2008)
emphasise that behavioural changes are mediated by self-efficacy of the teacher to
perform the behaviour. Teachers’ level of confidence in their ability to incorporate PA
into lesson plans is achieved through teacher training sessions and goal setting in the
PAAC study and these features are consistent with social cognitive theories. However, it
has been argued that the Theory of Planned Behaviour does not address impulsivity, habit,
self-control, associative learning and emotional processing which all have important roles
in behavioural outcomes (Michie et al. 2011), and other behavioural change interventions
including social cognition models do not analyse the target behaviour in context to
develop an effective intervention. Therefore, this paper proposes an alternative to these
behaviour change models by characterising the intervention and linking it to an analysis
of the targeted behaviour through the use of the Behaviour Change Wheel (BCW)
framework (Michie et al. 2011). This framework not only allows the intervention to fit
with the teachers’ belief systems, which is essential to encourage compliance (Cothran et
al. 2010) but, also analyses the nature of the outcome behaviour as a starting point for
identifying the type of interventions that are likely to be effective in encouraging teachers
to assume responsibility for integrating PA into academic lessons. This focus on teacher
behaviour and designing the intervention with the outcome behaviour as a starting point

contributes to the uniqueness of the study.
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3.3  Use of Behaviour Change Theory
There is evidence that PA interventions informed by theoretically driven behaviour

change models are more successful and lead to stronger more lasting changes (Michie
and Abraham 2004) than those that are not. The Active Classrooms intervention design
is guided by the Behaviour Change Wheel framework (Michie e al. 2011). This works
on the principle that the target behaviour must be analysed to identify the type of
interventions that are likely to be effective in bringing about the behaviour, with a target
population, in a specific context. The capabilities, opportunities and motivations of the
individual to perform the target behaviour are analysed and mapped onto intervention
functions (COM-B). Figure 3.1 outlines the results of an analysis of the target behaviour
with respect to teachers’ capability, opportunity and motivation to implement physically
active teaching methods. The figure design is based on a similar framework outlined in
the original research (Michie et al. 2011) but each of the fields has been populated with
barriers relevant to the target behaviour under analysis in the current study. The double
headed arrows represent potential influences between components in the system and as

such indicate that enacting a behavior can alter capability, opportunity and motivation.

Suggested solutions to these barriers to performing the target behaviour were then
identified and linked to specific intervention functions. It emerged that teachers require
further professional development to enhance their skills, education on the benefits of PA
for their students, action planning, lesson plans and resources to enable them to teach
using physically active teaching methods. Thus, to achieve the target behaviour
Education, Training, Environmental Restructuring, and Enablement intervention
functions were identified. Behaviour Change Techniques (BCTs), which are the ‘active
ingredients’ (Michie et al. 2013) designed to change the behaviour were then selected
from the 93 hierarchically- clustered techniques (Michie ef al. 2013) and mapped to
specific techniques to be applied in the ‘Active Classrooms’ intervention. These
behaviour change techniques are the ‘observable, replicable and irreducible components’
of the intervention which specify its content and allow the intervention to be accurately
replicated (Michie et al. 2013). The specific techniques incorporated in this pilot
intervention include professional development, reorganising the classroom environment,

goal setting, planning, and replacing previous teaching habits with active methods.
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The incorporation of the COM-B analysis of teacher behaviour and behaviour change
techniques (BCT) in the design of the ‘Active Classrooms’ intervention, endeavour to
change teacher behaviour towards using physically active teaching methods therefore,
enabling students to be more physically active during classroom instruction. The aim of
this pilot study is to examine the effect of the ‘Active Classrooms’ intervention lessons

on the MVPA levels of the children during the lessons.

Figure 3.1 Analysis of the target behaviour with respect to teachers' capability,
opportunity and motivation (COM-B) (Michie et al. 2011)

Capability: lack of training on
alternative methods (Darmody
et al. 2010, McCoy et al. 2012)

—
1
Motivation: lack of ti d
Otvarion: fach ot time an Target Behaviour: Teach
energy for planning and . .
. . academic content using
preparation required to ) ) i
. ; physically active teaching
implement active methods thod
(Niemi 2002) fethods
—
1

Opportunity: logistical and
space constraints with large
class sizes, small classrooms
and poor available resources
(Darmody et al. 2010, McCoy et
al. 2012, Niemi 2002)

34 Methods

3.4.1 Study Design
This paper outlines the ‘Active Classrooms’ pilot study which was conducted during

school hours, over 5 consecutive school days, in the first week of October 2014. The
purpose of the study is to evaluate the MVPA levels of the participants during the
intervention lessons. Moderate-intensity PA requires a reasonable amount of effort and
noticeably increases the heart rate (e.g. brisk walking, dancing, cycling) and vigorous-
intensity PA requires a large amount of effort and causes rapid breathing and a substantial
increase in heart rate (e.g. running and chasing games, jumping rope, playing

basketball/football etc.) (WHO 2010). The primary outcome is minutes and percentage
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time in MVPA during the intervention lessons. Comparisons will be made between the

MVPA levels generated during intervention lessons and regular classroom instruction.

Design conduct and reporting of the Active Classrooms pilot intervention study adheres
to the Consolidation Standards of Reporting Trials (CONSORT) (Moher et al. 2010,
Schulz et al. 2010) guidelines and to the Consolidated Criteria for Reporting Qualitative
Research (COREQ) (Tong et al. 2007).

All participating students (n=28) took part in one intervention English lesson and one
intervention Mathematics lesson each day. Comparative data was gathered from
approximately the same duration of comparison lessons taught each day to the same
students by the same teacher. Twenty participating students in the class were randomly
selected to wear accelerometers. An accelerometer is a lightweight, unobtrusive device
worn on an elastic belt around the participants’ waist. They have been regarded as
appropriate for use with primary school children because they can measure PA levels in
daily life and can be used by the participant with ease (Trost 2007). They measure PA
patterns and intensities in counts per minute. Student enjoyment of the programme was
evaluated using a write and draw technique pre- and post-intervention. A random sample
of 4 participants also engaged in a focus group discussion with the researcher, in a vacant
classroom, in the school the week following the intervention. The teacher’s satisfaction
of the programme was evaluated through a questionnaire completed immediately post-

intervention.
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Table 3.1 Links between the components of the ‘COM-B’ model of behaviour and
the intervention functions (Michie ez al. 2008)

Model of Why are teachers What needs to = 0
Behaviour: not using physically change? g o % E S
Sources active teaching = = g § g
methods? é g 9 E =
2 T 235 &
a &
Capability- Teachers lacking Professional \/ \/ \/
Psychological skills to implement development/
physically active training needs to be
methods (Darmody  provided to teachers
et al. 2010, McCoy Development of
etal 2012) .
action plans/goal
setting
Motivation- Teachers preference  Teachers must plan ‘/ ‘/ \/
Reflective for direct instruction  to use physically
and (McCoy et al. 2012)  active methods and
Automatic as active methods develop a habit of
require much more using them.
preparatory work Believe in the
(Niemi 2002) benefits of
Overloaded physically active
curriculum and a methods by teachers
lack of time (Niemi  (information
2002) sessions)
Teachers’ negative Teachers must want
beliefs, perceptions to increase PA
and attitudes towards levels.
PA in the classroom ..
Provision of
(Morgan and Hansen |
2008a) integrated lesson
plans and resources
Opportunity-  Space constraints Use of physically ‘/ \/
Physical within the classroom active methods with

and large class sizes
pose logistical
constraints

(McCoy et al. 2012)

Poor teaching and
learning resources
(Niemi 2002)

large groups of
children even in
classrooms with
space constraints

Provision of
resources
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Table 3.2 Examples of trial intervention features mapped onto behaviour change
taxonomy and techniques (BCT)

Taxonomy Intervention BCT Definition Example in Active
Function Classrooms Pilot
Intervention
Shaping Educate Instruction on  Advise or agree on  Provide an individual
Knowledge o how to how to perform the  information session and a
Training perform a behaviour (includes sample of lesson plans to
behaviour skills training) each participating teacher
illustrating how to integrate
physically active methods
into English and
Mathematics lessons
Feedback and  Enablement Self- Establish a method = Teachers keep a log of
Monitoring monitoring of  for the person to lessons taught using PA
behaviour monitor and record  methods to include date,
their behaviour as time, lesson, and duration of
part of a behaviour  PA
change strategy
Repetition Training Behaviour Prompt substitution = Replace inactive teaching
and Substitution of the unwanted methods with physical
Substitution behaviour with the  activities in teaching
wanted behaviour English and Mathematics
Antecedents Environment Restructuring ~ Advise to change Advise to arrange desks in
Restructuring  the physical the physical the classroom to allow
environment environment in space for movement
order to facilitate
the performance of
the wanted
behaviour
Goals and Enablement Goal setting Set or agree a goal ~ Eg. Plan to teach using PA
Planning (behaviour) defined in terms of  methods in at least two
the behaviour to be  lessons each day (one
achieved English and one
Mathematics)
Enablement Action Prompt detailed Prompt to plan to teach a
planning planning of lesson using PA methods

performance of the
behaviour (must
include at least one
of context,
frequency, duration
and intensity)

for at least 10 minutes twice
a day during English and
Mathematics lessons.
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3.4.2 Recruitment and Study Participants
Prior to recruitment of the participants ethical approval for the study was granted by Mary

Immaculate College Research Ethics Committee (MIREC), Limerick, Ireland (See
Appendix I). One convenient primary school in Limerick, Ireland was invited to
participate in the Active Classrooms pilot study. Consent was initially received from the
principal allowing the school to take part. Children aged 8 - 9 years are the focus of this
study therefore, the third-class teacher was invited to participate. Consent was received
from the class teacher and student participants were sought from third class (students aged
8-9). All students were eligible to participate if they returned an informed consent form
signed by their parents with child assent, and did not have any current injury or medical
condition preventing them from participating. Twenty-eight children (100% of those
invited) returned consent forms to participate (14 girls and 14 boys). Due to limited
availability of devices PA measures were obtained from a random sample of 20 children
(13 girls and 7 boys, aged 8-9 years) who wore accelerometers throughout the study. The
teacher in this study is female aged 33 with 8 years teaching experience. The teacher
indicated that she does not participate in any sports or exercises. No compensation was

provided to participants in the study.

3.5 Treatments
3.5.1 Physical Activity Intervention

3.5.1.1 Active Classrooms programme

The functions of this intervention are to educate, train, and enable teachers to change their
behaviour towards using physically active teaching methods in English and Mathematics
lessons as indicated in Table 3.1. The details of specifically how this could be done are
outlined in Table 3.2 and particulars of its implementation are outlined here. After
recruitment the classroom teacher was given a one-to-one 30 minute training session
which provided ideas on how to integrate PA into the academic content of English and
Mathematics lessons. The teacher was educated on the use of accelerometers as well as
the correct procedure for student wear. Demonstrations on how to log lessons taught and
accelerometer non-wear time were also provided. Training included a description of the
inactivity problem in primary school children; an explanation of the role classroom
teachers can play to improve the problem, and action planning to teach using PA methods
in at least two 10 minute lessons each day (one English and one Mathematics). The
researcher was also available to support the teacher on a regular basis to answer any

queries as they arose or offer advice and suggestions during the intervention period.
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Twenty English and 20 Mathematics lesson plans which integrate PA into the curriculum
content, as well as, the resources to teach them were supplied to the classroom teacher.
The lesson plans were created by the research team. One member of the research team is
a primary school teacher trained to teach all primary school subjects with an in-depth
knowledge of the Irish Primary School Curriculum. Another member of the research team
is a teacher educator with expertise in teacher education, PA and PE. Lesson plans were
linked to the strands and strand units of the English and Mathematics curricula (NCCA
1999) and cover a range of topics in both subjects. English lessons outline physically
active methods, such as active relays, actions corresponding to letters, exercises to
illustrate answers, exercises between activity stations and running to gather scrabble
letters, for the teaching of spelling, vocabulary, grammar and creative writing. English
lessons are also designed to enable the children to respond to stories and oral language
using PA. Mathematics lessons include ideas for teaching number, operations, spatial
awareness, patterns, sequences, fractions, time, data, and problem solving using
physically active methods such as hopping figures, taking pulse after rest and after
exercise for 1 minute and using exercises to work out answers, illustrate or communicate
answers. The lessons intend to enhance the teaching and learning of specific content areas
while also increasing the MVPA levels of the students during class time. The activities
were designed to last a minimum of 10 minutes but could be extended by teachers if
desired, this allowed the lessons to fit within the teachers’ schedules and maximise
compliance. The teacher was allowed to deviate from the lesson plans supplied. The
plans outlined ideas which the teacher could adapt to fit with her schedule, student needs
and learning objectives being taught in the classroom at the time. The teacher was asked
to indicate the code of lessons taught and the duration of each lesson taught each day on
the Teacher Log provided. It was intended that these adaptable lessons provide the teacher
with ways of making topics she was scheduled to teach more physically active rather than
being extra lessons to be implemented in the classroom. See Appendix E and Appendix
F for sample English and Mathematics lesson respectively and see Appendix G for an

over view of the range of lessons provided to the teacher.
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3.6 Data Collection Procedures and Measures

3.6.1 Physical Activity
PA was monitored during school hours over 5 consecutive school days using ActiGraph

accelerometers (models GT3X and GT3X+, ActiGraph LLC, Pensacola, Florida) to
collect the data. Accelerometers are considered to be valid and reliable objective tools for
measuring children’s PA levels (Dollman et al. 2009, McClain and Tudor-Locke 2009,
Trost 2007) and the Actigraph model has good psychometric properties against other
accelerometer types among children (de Vries et al. 2006). This study considers best
practice recommendations (Ward et al. 2005) for accelerometer use with children such as
the body location the unit is worn, epoch length, measurement period and wear time

calculation. These are described in more detail below.

Accelerometers were mounted on elastic belts and worn around the waist with the
accelerometer unit placed over the right hip. Each accelerometer was marked with a
unique code and the teacher was provided with a list assigning each student to a particular
accelerometer to ensure that each child wore the same device each day. The teacher was
asked to distribute the accelerometers each morning and collect them before the children
left school in the afternoon. She was also asked to record when and why any student was
not wearing the device during school time (eg. absent/ swimming/ home early etc.). The
teacher was asked to teach one physically active Mathematics lesson and one physically
active English lesson each day and she recorded the times and duration of each active
lesson taught. This allowed time filters to be applied in Actilife (ActiGraph, Pensacola,
Florida) so that data could be examined for each individual physically active lesson
taught. All remaining class time was considered regular teaching time. Accelerometer
data was collected in 15 second epochs (time intervals). Evenson cut points were used to
categorise the four intensity levels (Sedentary 0-100 counts per minute (CPM), Light 101-
2295 CPM, Moderate 2296 — 4011 CPM, Vigorous > 4012 CPM) as these provide the

most acceptable classification accuracy for use with children (Trost et al. 2011).

3.6.2 Teacher’s Perceptions
The teacher’s perceptions on the effectiveness and sustainability of the intervention

programme were evaluated through a survey which consisted of a series of open and
closed ended questions. This teacher questionnaire was adapted from that used and
validated in the process evaluation of the ‘Toy Box’ intervention (Androutsos et al. 2014).
The teacher was asked to indicate on a Likert-type scale the ease of implementing the

programme and likelihood of continuing to use it in the future. The Likert-type scale
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required the teacher to specify her level of agreement or disagreement for a series of
statements on symmetric agree-disagree scales. She was also requested to indicate on
similar scales the effect the lessons had on the students’ PA levels, and on teaching and
learning in the classroom. Finally, open ended questions allowed the teacher to record
any difficulties or challenges with implementing the programme and also to suggest any
improvements. Table 3.3 outlines sample questions included in the teacher questionnaire

which is available on request from the researchers.

Table 3.3 Sample questions from the teacher questionnaire adapted from the ‘Toy
Box’ intervention (Androutsos ef al. 2014)

1) Please rate the ease of implementing the active Maths/English lessons on the
following scale: 1= very difficult, 2= difficult, 3= neither difficult nor easy, 4=

easy, 5= very easy
2) To what extent did you enjoy teaching the active lessons?

3) To what extent do you think your students enjoyed participating in the active

lessons?

4) To what extent do you feel the active Maths/ English lessons enhanced your

teaching:

5) To what extent do you feel the active Maths/ English lessons enhanced your

students’ learning:

6) Please outline any difficulties/ challenges you found while implementing the

intervention programme:
7) Please outline any strengths/weaknesses of the intervention programme:

8) Please state any changes you would make to improve the intervention to
enhance teaching or learning while also encouraging physical activity in the

classroom:

3.6.3 Student Enjoyment
Student enjoyment has been found to control and influence the effect of PA interventions

(Howie et al. 2014) and teacher approval also relies on this enjoyment. Therefore, it is

essential to evaluate the students’ enjoyment of the programme to develop an effective
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intervention. The use of visual approaches such as photographs, paintings and drawings
have been recommended to extend our understanding of children’s perspectives (Clark
and Moss 2011, Crivello et al. 2012, Knowles et al. 2013, Loveridge 2010). However, it
has been acknowledged that drawings may not be useful as stand-alone images in
themselves (Veale 2005) since without children’s explanations they cannot be interpreted
adequately. Children’s comments contextualise the data for the researcher (Christensen
and James 2008), their drawings provide visual data but it is the verbal material recorded
as the participants give their explanations that provide the data for interpretation- words
about pictures (Veale 2005). Therefore, this research has employed a write and draw
technique combined with focus group discussions since this has been considered a
developmentally appropriate approach to use with primary school children (Knowles et

al. 2013, Te One 2007).

Table 3.4 Focus group discussion questions adapted from the EASY Minds study
(Riley et al. 2014)

1 How would you describe your Mathematics classes before the Active Classrooms
programme?

Did you enjoy this?

2 How would you describe your English classes before the Active Classrooms
programme?

Did you enjoy this?

3 How would you describe the active Mathematics lessons? Did you enjoy this?
Why?

Can you give me an example?
Did this make the Mathematics lessons more exciting/ interesting?
4  How would you describe the active English lessons? Did you enjoy this? Why?
Can you give me an example?
Did this make the English lessons more exciting/ interesting?
5 What kind of activities did you enjoy doing in the Active Classrooms programme?

6  Can you tell me if being active in Mathematics and English lessons helped you
learn?

Why/why not? Can you give me an example?

7 Is there anything else you would like to share about the Active Classrooms
programme experience?
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Prior to the intervention, baseline data regarding the children’s experiences of English
and Mathematics lessons were collected. The classroom teacher was provided with
worksheets for the children and asked them to ‘Draw what you think of when you think
of a Mathematics lesson and what you think of when you think of an English lesson. Write
a few sentences describing each picture’. These instructions were also written on the
worksheet. On the final day of the intervention the teacher was asked to repeat the activity
with the children using the same instructions as before. The week following the
intervention a randomly selected sub-sample of 4 students (female = 3, male = 1) were
invited to participate in a focus group discussion with the researcher. All students selected
took part. The female researcher was known to the children as she teaches in their school.
However, the researcher had never taught the participants involved in the study. The
discussion took place in a classroom which was vacant at the time with only the researcher
and participants present. The conversation lasted 12 minutes. The children’s drawings
provided a basis for the conversation. The focal questions are outlined in Table 3.4 above.
These are adapted from the EASY Minds study (Riley et al. 2014). Additional questions
specific to the children’s drawings were also asked (E.g. Can you tell me what’s

happening in this picture?).

3.7  Data Reduction & Analysis

3.7.1 Physical Activity
For the purpose of this pilot study, the MVPA levels of the students in a random sample

of 5 regular classroom lessons (mean 33 min per day) were compared to their MVPA
levels during the intervention lessons (both intervention lessons per day combined = mean
36 min per day). Therefore, comparison lessons involved the same students taught by the
same classroom teacher throughout the learning day at school so all children participating

in the intervention also participated in the comparative lessons.

Accelerometer data was used to determine the number of minutes and percentage time in
each intervention lesson the students spent in each of the PA intensity categories. The
results were compared to the number of minutes and percentage time the students spent
in each of the categories during regular classroom instruction. The minutes and
percentage time each participant spent in each of the PA categories (sedentary, light,
moderate, vigorous and in MVPA) were averaged over the entire school week, in
intervention lessons, break and lunch time, during a sample of comparison lessons and
during total regular instructional time (total classroom teaching time minus intervention

lesson time). These averages were used in subsequent analysis. A paired samples t-test
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was used to compare mean minutes in MVPA between usual practice and intervention

lessons. The level of significance was set at 0.05.

3.7.1.1 Wear-Time
This study examines the PA levels of the students during the school day therefore

minimum wear time was set at 272 minutes (80% of the school day, 340 minutes) which
follows the 70/80% rule outlined in best practice recommendations for accelerometer use
(Ward et al. 2005). At least 70% of the children wore accelerometers on all five days of
the study so all 5 days were included in the analysis. Due to the nature of this study which
includes sedentary data, 10 minutes of consecutive zeros could not be classified as ‘non-
wear time’ (Yildirim et al. 2011). It is possible that children may remain in sedentary
behaviour for extended periods of time in the classroom. Hence, the minimum activity
threshold required to start a non-wear period was set at 60 minutes. Accelerometer data
from 20 randomly selected children (n=13 girls, n=7 boys) was collected in this study;
data from one child was excluded from analysis on the second day as she went home early
and did not meet the minimum wear time requirements. Nineteen children met the wear
time requirements on the last day since one child was absent and therefore her data was
excluded. All 20 children were included in the analysis on the remaining 3 days.
Following recommendations for accelerometer use, 15 000 counts was set as the cut point
for the upper limit count values to avoid spurious data (Esliger ef al. 2005) and spike

tolerance was set at 2 minutes.

3.7.2 Teacher Perceptions
Results of the teacher survey were coded and input into Microsoft Excel 2010 where

means were calculated for analysis. The results were used to evaluate the teacher’s
satisfaction with the programme. Direct quotations are used to highlight themes emerging

from the open ended questions.

3.7.3 Student Enjoyment: Write and Draw & Focus Groups
The focus group discussion which was audio recorded and transcribed to accurately

reflect the participants’ views, was framed around the children’s drawings and written
texts. The use of these multiple data collection sources enabled triangulation and has been
recommended to strengthen the quality of the data (Crivello ef al. 2009). The following
quality measures (Knowles et al. 2013) were used in the analysis of the write and draw
activity. The writing must be legible and the drawings must be clear representations of

people, events, or places (n=27 included). The researcher analysed the data in the

79



following phases (Ritchie and Lewis 2003): (1) familiarisation with the raw data was
established through immersion in the data by listening to the recordings, writing up and
reading transcripts, reading students written texts and studying notes, (2) a thematic
framework was established by the researcher who identified all key issues, concepts and
themes from the participants’ oral and written statements. Sub themes within each theme
were also identified, (3) themes and sub-themes were assigned a code and these codes
were applied to the data to assist with analysis and for subsequent retrieval and
exploration, (4) the data was rearranged in the form of a chart, (5) the chart was used to
find associations between the themes. Quotations and pictures were subsequently used to
expand and highlight emerging themes (Knowles et al. 2013). Feedback was obtained
from the research participants by checking back (Greene and Hogan 2005) with them
during the discussion to ensure that their meanings and perspectives are accurately

represented. Microsoft Excel 2010 was used to assist in managing the data.

3.8  Results
Data was gathered from predominantly Irish Caucasian students in a non-socio

economically disadvantaged school on the suburbs of Limerick City, Ireland. Of the 28
students invited to participate in the study all 28 returned signed informed consent and
assent forms. The mean age of the 20 children randomly selected to wear accelerometers

was 8.1 years.

3.8.1 Physical Activity
Two active intervention lessons (one English and one Mathematics) lasting an average of

18 minutes (5.5% of the school day) each were taught by the classroom teacher during
class time each day. Students accumulated 18 minutes of light and 8 minutes of MVPA
overall during the two active lessons each day. Girls (8.3 minutes) accumulated slightly
more MVPA per day during the lessons than boys (7.5 minutes) however, with a p-value
of 0.16 there is no significant difference between the groups. The children spent a mean
of 23.6% of time in MVPA during the active lessons. The mean time (minutes) students
spent in each PA category during intervention English and Mathematics lessons is

outlined in Table 3.5.

A mean of 0.3 minutes was spent in MVPA during regular classroom instruction as
outlined in Table 3.5. Figure 3.2 illustrates the mean percentage time spent in each PA

category during comparison and intervention lessons. This figure also illustrates that the
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children spent over three quarters of regular classroom instruction in sedentary behaviour.

This was reduced to 30% during the intervention lessons.

100%
80%
70%
60%
£
= 50%
X
40%
30%
20%
10%
0% , , ,
Non intervention lessons Intervention Lessons
| Vigorous 0.10% 14.10%
Moderate 0.80% 9.50%
M Light 21.90% 46.40%
B Sedentary 77.20% 30.00%

Figure 3.2 Mean % time in each PA category during comparison and intervention
lessons

Table 3.5 Mean minutes in each intensity category by comparison and intervention
lessons

n=20 Comparison lessons Intervention lessons P Value
mins per day (SD)  mins per day (SD)

Sedentary 25.8 (2.7) 11.4 (2.2) <.001
LPA 7.1 (2.1) 17.6 (1.9) <.001
MPA 0.3(0.2) 3.4 (0.8) <.001
VPA 0.0 (0.1) 4.6 (1.2) <.001
MVPA 0.3(0.2) 8.0 (1.6) <.001
MVPA boys (n=7) 0.4 (0.3) 7.5 (1.7) <.001
MVPA girls (n=13) 0.2 (0.2) 8.3 (1.6) <.001
Lesson duration (mins) 33.3 36.8

Note: P values refer to differences between intervention lessons and comparison lessons
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An average of 11.7% of school time during the week was spent teaching the active lessons
(two lessons, five days a week). Each intervention lesson contributed 2.7% to the overall
school time spent in sedentary each day. However, each lesson contributed towards
16.1% of the overall MVPA accumulated daily therefore, 33% of the students’ school day
MVPA throughout the week was accumulated during the intervention lessons (2 per day).
This almost matches the time spent in MVPA during break and lunch times (37.8%).
Regular classroom instruction contributed to 89% of the time the students spent in

sedentary behaviour during the school day.

3.8.2 Teacher Satisfaction
The intervention English and Mathematics lessons were highly regarded by the teacher,

receiving an average rating of 5 on a 5-point Likert-type scale. She found the lessons very
easy to implement and sustainable in a classroom context. The teacher taught the English
and Mathematics lessons 5 days in the week. She perceived that the children were much
more active in the intervention lessons compared to previous English and Mathematics
lessons and she indicated that the Active Classrooms programme greatly enhanced the
teaching and learning in the classroom rating both a 5 on a 5 point Likert- type scale. She
also stated that ‘the children were learning without even realising it and I could see a big
improvement in their work’. The teacher identified a lack of available space for some of
the activities as a limitation of the programme. She stated that ‘the biggest difficulty I had
was space in my classroom. I couldn’t do any of the floor exercises (i.e burpees,
crunches). I went to the hall on 2 occasions but the hall isn’t always available’. The
teacher indicated that she is definitely likely to continue using the lessons after the study,
stating that ‘I will most definitely be continuing the activities and only wish I had more
time to try out all the lessons’. When asked to suggest any changes to improve the
intervention to enhance teaching or learning while also encouraging PA in the classroom
the teacher said ‘I can’t think of any changes I would make’ she added that ‘the children

loved it and I found that they were focused more on the rest of the days’ events/ lessons’.

3.8.3 Student Enjoyment
Twenty-seven children completed the write and draw activity and four children also

participated in the focus group discussion. One blank write and draw sheet was returned
because one child was absent on the day. The data collected revealed common themes
relating to students’ attitudes about the programme. Many students’ responses identified
more than one theme and so were categorised in each theme identified. The majority of

responses referred to the high level of enjoyment experienced through participating in the
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active lessons. Most children mentioned that the lessons were ‘fun’ (n=26) or ‘enjoyable’
(n=4). Others mentioned that the lessons were great (n=3) or that they ‘liked’ (n=21) or
‘loved’ (n=21) them. Participant 10 wrote ‘It is really fun. I like to do different activities
and the exercises are fun too. It makes an English lesson fun’. Participant 11 wrote ‘I
loved those exercises. They were really fun! Learning Mathematics and English
especially Mathematics through those exercises was really, really, really, very fun!’
Health and PA (n= 26) was identified as the second theme with participant 3 and 20
respectively stating, ‘I loved the English lessons because it’s ...really good exercise’ and
‘I am more healthy because of the lessons’. Enhanced learning (n=4) was another theme
recognised (participant 9:‘being active in the lessons helps you (learn) a little bit more’
and ‘...we were learning in a fun way’), (participant 15: ‘I like English more now with all
the exercises we do. We did this thing called verb and adverb, and I am really able to
understand what they are now because we had to act them out’). This theme emerged in
the teacher’s questionnaire also. In response to an open ended question she stated ‘I loved
the fun activities for Mathematics. Children were learning without even knowing. Tables
can be boring for them but they loved the games so were able to learn them much better’.
Only one student expressed a negative attitude towards the lessons stating ‘I don't want a
Mathematics lesson, it’s too hard’ (participant 28). It’s unclear if this refers to the
Mathematics content in general or the active lessons. The themes identified in the focus
group discussion were consistent with those identified through the write and draw activity
‘we learned sums that we didn’t really do before... like multiplies. We learned a bit more,
it was good fun’ (student 1). When asked if they would like to do the programme again,
the children reported they ‘would love it’. The children’s expressions, tone of voice and
non-verbal behaviour also reinforced the enjoyment and excitement experienced through
the programme. Samples of the participant’s responses are displayed in Figure 3.3 and

Figure 3.4 below.
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Figure 3.3 Drawings by boys and girls illustrating ‘fun’ English and Mathematics
lessons
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Figure 3.4 Drawing by a girl illustrating that the exercises helped her become
'more healthy'

3.9 Discussion
The purpose of this study was to evaluate the effectiveness of a curriculum integrated PA

intervention on the MVPA levels of the children during the active lessons. The results of
this pilot study are promising as they demonstrate that a classroom based intervention
which integrates PA into the curriculum content of English and Mathematics lessons,
taught by the classroom teacher, can improve the PA levels of primary school children
during the intervention lessons and throughout the entire school day. These findings
augment the growing body of evidence on the efficacy of teaching academic content using
physically active methods (Norris et al. 2015). Specifically this study illustrates that
changing the behaviour of the teacher enabled the students to accumulate more PA during
the English and Mathematics intervention lessons than during regular lessons while also

enhancing their learning and providing enjoyable experiences for them.

3.9.1 Children’s physical activity levels
The World Health Organisation recommends that children participate in at least 60

minutes of MVPA most if not every day of the week (WHO 2010) and also highly
recommend that schools take an active role in implementing policies to improve PA.
Conversely, out of reach targets can undermine PA participation and with time,
curriculum and space limitations there are many barriers preventing schools from

implementing an hour of PA each day. Therefore, accumulating at least moderate PA in
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short bouts throughout the day is a goal deemed easier to achieve and has many beneficial
health effects, especially for those most at risk (Barr-Anderson et al. 2011, Janssen and
LeBlanc 2010). This outlook was employed in the development of this project and proved

successful in assisting the children accumulate PA in school.

In this study a mean of 23.6% of each intervention lesson was spent in MVPA. Other
studies which have integrated PA and academic content have reported that children spent
between ~20 and 100% of the lesson time in MVPA (Bartholomew and Jowers 2011,
Donnelly et al. 2009, Stewart et al. 2004). While the duration for which children can
sustain MVPA may be influenced by the length of each active lesson, for example the
shortest lesson of 10 minutes enabled the children achieve moderate to vigorous intensity
physical exercise and maintain these levels for 100% of the lesson (Stewart et al. 2004),
these studies demonstrate that there may be scope to improve the proportion of time spent
in MVPA during the Active Classrooms’ intervention lessons. The students spent 50% (9
minutes) of each active lesson in light activity, this may suggest that the duration of the
Active Classrooms’ lessons implemented by the teacher (~18 minutes) was perhaps too
long for the students to maintain sustained periods of moderate-to-vigorous intensity PA.
Nonetheless, the intervention lessons contributed 13% of the children’s recommended
daily PA and any increase in children’s PA levels can have significant health benefits

(Janssen and LeBlanc 2010).

PA accumulated across the school day has been shown to increase whole-day PA to a
degree greater than expected from the school day PA sessions alone (Groffik et al. 2012).
However, no consensus has been drawn on discrete guidelines for school day PA
accumulation. The New Zealand-based Energize Project suggests that 20 minutes of the
recommended 60 minute MVPA goal should be accumulated during the school day (Rush
et al. 2012). In contrast Nettlefold er al. (2011) suggest that 30 minutes (50%) of the 60
minute recommendation should be achieved during the school day. During the current
study the mean MVPA accumulated across the whole school day was 24.8 minutes. This
is greater than other studies which examined MVPA during school time in primary
schools in Ireland. A study which evaluated Irish primary school children’s PA levels
during the segmented school-day found that the children accumulated a mean of 18.6
minutes of MVPA (Hegarty et al. 2013) during the whole school day. Hegarty et al.
(2013) reported that children achieved the least amount of PA during class time with the
accumulation of only 8 minutes of MVPA. This is much lower than the present study

86



which accrued a mean of 15 minutes of MVPA during the same period of the day.

Implementing the active lessons is largely responsible for this significant difference.

The Active Classrooms study did not find a significant difference between PA levels
accumulated by males and females during the intervention lessons. This is an interesting
finding since females are often shown to be less active than males, especially during
school (Hegarty et al. 2013). It can be suggested that the PA accumulated by both males
and females during the lessons are similar because all children present in the classroom
were presented with the same opportunities to participate and engage in the same
activities during the lessons and were requested to do so as part of their teacher’s
instruction of the English and Mathematics lessons. This supports assertions by Belton et
al. (2010) who report that interventions targeted towards increasing PA during class time
have a significant effect on increasing children’s PA levels, particularly lesser active

children and girls.

Emerging evidence demonstrates that independent of PA levels, prolonged periods of
sedentary behaviours of greater than 2 hours per day are associated with an increased risk
of coronary heart disease, cardiovascular disease, type Il diabetes, all- cause mortality, a
multitude of psychological and physiological problems as well as decreased fitness, lower
self-esteem and decreased academic achievement in children and youth aged 5-17
(Katzmarzyk 2010, Owen et al. 2010, Tremblay et al. 2010, Tremblay et al. 2011, Treuth
et al. 2007). Results of the Active Classrooms study illustrate that the intervention lessons
not only improve the students’ PA levels but also reduce time spent in sedentary
behaviour when compared with regular classroom instruction. Therefore, by enabling
teachers to teach traditionally sedentary academic lessons using physically active
methods, this programme has the potential to break prolonged sedentary periods

consequently reducing the ill effects of this behaviour.

3.9.2 Teacher Satisfaction
The high levels of teacher satisfaction with the Active Classrooms programme is

encouraging for its ongoing implementation. Teacher satisfaction is essential as teachers
play a central role in determining the success or failure of a change intervention (Fullan
2007) by their willingness to engage in it. Changing their methods of teaching is
ultimately a personal, individual decision by the teacher and their inclination to engage is

influenced by their perceptions of the programme (Cothran et al. 2010). Teacher
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satisfaction is especially imperative for the implementation of classroom-based PA
interventions since what children do in the classroom is largely controlled by the teacher
(Fullan 2007) and students cannot be physically active in a classroom setting without the
support and guidance of the teacher. Additionally, it has been found that teacher
implementation rates largely affect the benefits students receive from the intervention
(Donnelly et al. 2009). Therefore, it is important to consider factors associated with

teacher satisfaction and implementation of these lessons.

In their examination of classroom teachers’ perceptions of using PA breaks in the
classroom Mc Mullen et al. (2014) identified three main factors which contribute to
teachers adopting the practice: 1) the need for classroom control, 2) a preference for
breaks with connections to academic content, and 3) the importance of implementation
ease and student enjoyment. These determinants of how, when and if classroom teachers
will use a PA intervention in their classrooms were considered in the design of the Active
Classrooms programme. In the application of the Behaviour Change Wheel Framework
(Michie et al. 2008) the target behaviour was analysed and features included in the
intervention as a result of this analysis contributed towards teacher satisfaction and
compliance with the programme. Lesson plans linked to the academic content of the Irish
Primary School Curriculum (NCCA 1999) with the identification of specific strands and
strand units and resources required to teach them such as flashcards, a beach ball, playing
cards, a PowerPoint presentation, maps etc. were provided for the teacher as well as
training on how to implement the active lessons. Images on how to perform the exercises
were also provided (See Appendix H). The teacher indicated that the lessons were
extremely easy to implement and the provision of training and resources allowed the
teacher to manage the lessons easily and maintain classroom control. This supports the
recommendations for professional development and teacher preparation in relation to PA
inclusion in the classroom as outlined by McMullen et al. (2014). Results of the Texas I-
CAN study by Bartholomew et al. (2011) also indicate that teacher implementation rates
were enhanced following training based around a theory and the provision of active

lessons and equipment needed for the classroom.

Aligning with the work by McMullen et al. (2014) the teacher identified a lack of
classroom space as an issue with implementing the lessons. She found that due to a lack
of available space in the classroom the children were not able to perform some of the
floor exercises however, the design of the lessons allowed the teacher to substitute these
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with other activities included in the programme such as jumping jacks and squat jumps
which enabled her to continue with the lesson. The lesson plans were designed to last a
minimum of 10 minutes each but could be extended as desired to fit into the teacher’s
schedule. Variations of each lesson were also included in the plans which allowed the
teacher to adjust the content to suit the topics she was teaching. This finding builds on
previous work by Morgan and Hansen (2008b) who found that adaptability of the
programme contributes to teacher compliance and the development of positive attitudes
towards PA promotion in the classroom. Adaptability gives teachers ownership allowing
them to adjust the intervention to fit with their beliefs and values about teaching as well

as, with their curriculum and schedule.

3.9.3 Student Enjoyment
Enjoyment is the primary element of acceptability and the dominant motivational factor

for children to participate in PA (Allender et al. 2006). The children in this study
expressed an extremely positive attitude towards the lessons claiming that they were
‘fun’, ‘exciting’ and ‘enjoyable’. They expressed their hope of learning actively ‘doing
all the exercises again’. This finding is crucial to the potential sustainability of the ‘Active
Classrooms’ programme as PA interventions are unlikely to be implemented widely, no
matter how potentially effective and efficient they might be, if they are not shown to be
acceptable to both students and teachers (Howie et al. 2014, McMullen et al. 2014,
Woods et al. 2012). As such results of the current study build on previous studies which
indicate that levels of student enjoyment have been shown to determine the beneficial
effects of PA interventions with increased enjoyment resulting in increased PA (Dishman
et al. 2005, Schneider and Cooper 2011) and where children do not experience enjoyment
this may have negative effects on their future participation in PA. Physically engaging
the children in lessons in ways they have not experienced before is responsible for their
enjoyment of the ‘Active Classrooms’ lessons. Students commented on how ‘you could
really tell the difference’ between the active lessons and regular lessons and on how much
they enjoyed throwing a ball to one another around the classroom to learn about odd and
even numbers, and ‘doing P.E.’ in their English and Mathematics lessons. They expressed
their enjoyment of running to collect letters for a team game of scrabble and exercising
while moving from station to station to write collaborative stories. This enjoyment may
be attributed to their engagement in pair and small group activities which supports
previous findings that children experience enjoyment during positive social interactions

with their peers (Knowles et al. 2013).
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3.9.4 Enhanced Learning
While not a planned outcome of this study, a recurrent theme identified by both students

and the teacher was enhanced student learning and student focus. This finding adds to the
results of previous studies which examined student time on task and academic
achievement outcomes of classroom based PA interventions. Mahar et al. (2006) found
that participation in these types of lessons resulted in a significant increase in time on task
for subsequent traditional style, sedentary lessons. Bartholomew et al. (2011) also found
that the students maintained a greater focus on academic material after a physically active
lesson. Donnelly et al. (2009) and Erwin et al. (2011a) found significantly higher results
in students’ achievement in Mathematics and Literacy assessments. Our findings
therefore lend support to the contention that, contrary to some teachers’ beliefs (Morgan
and Hansen 2008a), integrating PA into academic content does not detract from students’
performance outcomes or behaviour. These lessons not only teach and review academic
material, but they also enhance learning and student behaviour in lessons that follow. This
provides strong potential to enhance teacher motivation to implement physically active

academic lessons.

3.10 Limitations
Although this pilot study demonstrates the potential for encouraging classroom teachers

to integrate PA into the classroom to increase children’s PA levels without interrupting
academic teaching time, the use of a convenience sample of only one classroom and one
classroom teacher is a limitation. The inclusion of randomisation to select schools, and
increasing the number of classrooms and teachers in future studies would allow
generalisability of the findings while also providing a better understanding of teacher
perceptions and compliance. The short time frame of this study should also be noted.
While the study was not conducted using a control group, requesting the teacher to record
the times and duration of the active lessons taught, allowed the researcher to filter the
intervention lessons and a sample of regular lessons from the accelerometer data.
Therefore, comparisons could easily be made between regular and intervention lessons to
evaluate the success of the intervention on the MVPA levels of the participants. A future
study is warranted using control and intervention schools to assess the effectiveness of

the programme on a larger scale and over a longer time period.

3.11 Conclusion and Future Research
Our findings demonstrate that the Active Classrooms programme can improve children’s

PA levels when implemented each day. This initiative complements policy at a national
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(Department of Health 2013) and global level (WHO 2008) by promoting PA in the
school setting through changes in behaviour and education. The positive attitudes
expressed towards teaching and learning using physically active methods by both the
students and the teacher supports the notion that pedagogies should be adapted by teachers
and teacher educators to include PA as a means to improve children’s overall health.
These positive attitudes were also prominent in the Wellness Weeks approach which
advocated PA implemented by classroom teachers throughout the school day (Corbin et
al. 2013). Similarly, this approach allows each teacher flexibility in implementing a

programme which provides support and sound educational and PA resources.

Future recommendations include the evaluation of individual lessons to identify those
which contribute most to the children’s MVPA levels. Further lessons could then be
designed to incorporate the most active pedagogies. Research should also be conducted
to objectively assess student learning through participation in the Active Classrooms
lessons. It is also acknowledged that students in this study may compensate throughout
the whole day for PA accumulated during the active lessons (Metcalf er al. 2012).
Therefore, a future larger scale controlled study should be conducted to evaluate if
children are more active throughout the whole school day when intervention lessons are
implemented in comparison to traditional lessons. Finally, long term follow-up to

measure sustainability of the programme is warranted.

3.12 Chapter Conclusion
It is clear from the study presented above that changing teacher behaviour towards

integrating movement as an instructional strategy is effective in evoking PA of moderate
to vigorous intensity in the students. Both the teacher and students positively received the
‘Active Classrooms’ intervention. However, results of this preliminary study cannot be
generalised since this study was conducted over only one school week, with one
classroom teacher and a convenience sample of students. The potential influence of
different lesson durations was not accounted for in the analyses of this study which must
be noted as a further limitation. Additional research must therefore be carried out to
determine the intervention’s effectiveness when implemented by many teachers in
multiple classrooms over time, in comparison to a control group while also adjusting for
relevant covariates. The findings of the study described in this chapter inform the design
and development of a larger randomised controlled trial of which the protocol is described

in Chapter 4.
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Chapter 4: An intervention to improve the physical activity levels of children:
Design and rationale of the ‘Active Classrooms’ cluster randomised controlled
trial

Preamble

The following article outlines the design of a behaviour change intervention guided by
the BCW framework (Michie et al. 2011). The study design and rationale follow the
CONSORT guidelines (Moher et al. 2010, Schultz et al. 2010) in order to ensure
robustness in designing, evaluating and reporting the effectiveness of the ‘Active
Classrooms’ programme. The intervention and study design have been informed by a
review of the literature (Chapter 2) and the implementation of a pilot study (Chapter 3).
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4.1  Abstract
Background: Recent evidence demonstrates that children are not engaging in the

recommended 60mins of moderate to vigorous PA per day. PA interventions have been
acknowledged by the WHO (2010) as a key strategy to increase the PA levels of children.
School has been recognised as a primary location for reaching the majority of children
and providing PA opportunities for them. However, the sedentary nature of lessons
carried out in the classroom has been identified as a contributing factor to physical

inactivity among this age group.

Purpose: To develop and evaluate a classroom-based intervention which integrates PA
and academic content, and evaluate its effects on the PA levels of children aged 8-11 in

Ireland.

Methods: Active Classrooms is an 8-week classroom based intervention guided by the
behaviour change wheel (BCW) framework (Michie et al. 2011) that will be evaluated
using a cluster randomised controlled trial (RCT). Study measures will be taken at
baseline, during the final week of the intervention and at follow-up after 4 months. The
primary outcome is minutes of MVPA during school time objectively assessed using
accelerometers (Actigraph). Teachers’ perceptions on the effectiveness and use of the
intervention and students’ enjoyment of the programme will be evaluated post

intervention.

Conclusions: Changing teacher behaviour towards using physically active teaching
methods may increase the moderate to vigorous PA levels of their students. Therefore,
the results of this study may have important implications for the health of children both

now and into the future.
Trial Registration: ISRCTN 14265493

Keywords: Physical activity; Classroom; Academic Content; Cluster Randomized

Controlled Trial; Primary School; Accelerometer

Abbreviations: PA, physical activity; MVPA, moderate to vigorous physical activity;
BCW, behaviour change wheel; BCT, behaviour change techniques; RCT randomised
controlled trial; WHO, World Health Organisation; NCDs, non-communicable diseases;

AC, Active Classrooms
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4.2  Introduction
Recent evidence has shown that children who engage in high levels of physical activity

(PA) are at a reduced risk of cardiovascular disease, obesity, Type Il Diabetes, cancer and
other chronic illness (Physical Activity Guidelines Advisory Committee 2008). It has
been suggested that for health improvements to occur reducing the risks of premature
death and the burden of non-communicable diseases (NCDs), PA should be made a public
health priority throughout the world (Hallal ez al. 2012). It is estimated that less than 20%
of children globally (WHO 2010, Griffiths et al. 2013) and less than 50% of children in
Ireland (Williams 2009) meet public health guidelines which recommend that children
aged 5-17 years should accumulate at least 60 minutes of moderate- to-vigorous physical
activity (MVPA) every day (WHO 2010). Increasing the PA levels of children has been
identified as particularly important given the long-term impact on public health (Waring
et al. 2007). PA plays an important role in the prevention of overweight and obesity in
childhood and adolescence, and reducing the risk of obesity in adulthood (Hills et al.
2011). Many studies have shown that interventions (Livingstone 2001) can increase PA

levels and childhood is a critical time to intervene.

Schools have been targeted as one of the best environments to implement PA
interventions as they are a primary location to reach the majority of children. However,
ironically, schools internationally are reported to be one of the dominating environments
of sedentary behaviour in children with class time representing a significant sedentary
period of the day (Holt et al. 2013). The school curriculum is an ideal avenue for accessing
all children and encouraging them to be physically active throughout the day. However,
emphasis on literacy and numeracy in primary school classrooms has resulted in a lack
of time for activity breaks and a lack of emphasis on PE. In order to address this problem
which places emphasis on academic content to the detriment of PA, methods of

integrating PA into academic lessons in the classroom are warranted.

In reviews of the literature (Dobbins ef al. 2009, Erwin et al. 2012) it has been found that
very few studies focus on classroom-based interventions (Cardon et al. 2004, Mahar et
al. 2006, Oliver et al. 2006, Gibson et al. 2008, Donnelly et al. 2009, Erwin et al. 2011a,
Erwin et al. 2011b) and of those which have only three studies have integrated PA into
academic content (Donnelly er al. 2009, Bartholomew and Jowers 2011, Erwin et al.
2011a). These interventions demonstrate that integrating PA into academic content
improves students’ PA levels during school time without affecting academic teaching

time. However, only one of these studies used accelerometer measures and a randomised
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control trial (Donnelly et al. 2009). The other studies (Bartholomew and Jowers 2011,
Erwin et al. 2011a) use predominantly pedometer measures and have no control group
for comparison measures or do not include randomisation. The Theory of Planned
Behaviour (Ajzen 1985) and the Ecological Model (Sallis et al. 2008) were used to guide
these interventions. The Physical Activity Across the Curriculum (PAAC) study
(Donnelly et al. 2009) refers to Bandura’s Social Cognitive Theory and the importance
of self-efficacy and goal setting to successfully perform a desired behaviour (Gibson et
al. 2008). The literature suggests that when designing interventions for children the
application of a behavioural theory is essential (Eather et al. 2013) since it allows the
researcher to determine how the intervention worked and how future interventions can be
improved (Michie and Abraham 2004). Therefore, the proposed study aims to build on
the strengths and recommendations of previous research through the use of
accelerometers, an RCT, behaviour change theory, as well as teacher and student

evaluations of the programmes which will enable a robust design.

This study aims to develop an innovative and engaging, 8-week, classroom-based
intervention which integrates PA and academic content of the English and Maths
curricula, and evaluate its effects on the PA levels of Irish primary school boys and girls.
The primary outcome is change in minutes of MVPA measured using accelerometers.
Secondary outcomes are teacher satisfaction with the programme and its implementation,
and student enjoyment of the programme. The proposed study builds on a successful pilot
of the ‘Active Classrooms’ programme where significant intervention effects were found
for MVPA levels of the participants during active lessons. Furthermore, the children and
teacher reported on the enhanced learning experienced through participating in the
programme. However, the pilot study was carried out in a single classroom and there was

no control group.

This paper describes the methodological procedures used to implement and evaluate the

effectiveness of the Active Classrooms intervention.

4.3 Methods

4.3.1 Study Design
Active Classrooms is an 8-week classroom-based PA intervention guided by the

Behaviour Change Wheel (BCW) and will be evaluated using a Cluster RCT with follow-
up after 4 months. Figure 4.1 illustrates the flow of participants through the study. Ethical

approval for the study has been granted by Mary Immaculate College Research Ethics
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Committee (MIREC), Limerick, Ireland (See Appendix I and Appendix J for ethical

approval form, participant information sheets and consent forms).

Design, conduct and reporting of the Active Classrooms intervention will adhere to the
Consolidation Standards of Reporting Trials (CONSORT) guidelines (Moher et al. 2010,
Schulz et al. 2010).

A randomly selected sample of primary schools in the study region will be invited to
participate. Following the initial recruitment process, school principals, teachers, parents
and study participants will provide written informed consent and/or assent. The schools
will be randomly allocated to receive an intervention to be implemented over 8- weeks
and to commence after baseline data collection, or to a delayed-treatment control group.
All eligible participants will complete baseline assessments and follow-up evaluations

which will be conducted during week 8 and week 16.

The primary outcome will be change in class time minutes of moderate- to vigorous-
intensity physical activity (MVPA) measured using accelerometers at baseline, post

intervention and four months follow-up.

4.3.1.1 Use of Behaviour Change Theory
Previous PA interventions have been grounded in Bandura’s Social Cognitive Theory

(1977), Skinner’s PRECEDE model (1953), the Theory of Planned Behaviour (Ajzen
1985), the Ecological Model (Sallis et al. 2008) and Rosenstock’s Health Belief Model
(1966) to initiate short and long term behaviour change (Dobbins et al. 2009). The
applications of behavioural theories are deemed essential when designing interventions
for children (Eather et al. 2013). Theoretical frameworks can help researchers determine
how the intervention worked and how future interventions can be improved. Indeed, there
is evidence that PA interventions informed by theoretically-driven behaviour change
models are more successful and lead to stronger and more lasting changes (Michie and
Abraham 2004). However, many of these theoretical models have been criticised as they
do not address impulsivity, habit, self-control, associative learning and emotional
processing which all have important roles in behavioural outcomes, and they do not
analyse the target behaviour to develop effective interventions (Michie et al. 2011). The
Active Classrooms intervention design is therefore, guided by the Behaviour Change
Wheel (BCW) framework (Michie et al. 2011). This framework is based on the theory
that outcome behaviours must be understood in their context with consideration given to

the individuals’ existing capability, opportunity and motivation to achieve these target
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behaviours (COM-B) i.e. the capability of the individual, the opportunity provided to the
individual and the individual’s motivation in a particular context, result in particular
behaviour. Table 4.1 summarises how these factors have been considered and how they
relate to the target behaviours, in order to decide what support/tools teachers would need
to engage the children in physically active behaviour in the classroom. It has been
identified that children engage in very little physically active behaviour during regular
classroom instruction. This occurs because more ‘traditional’” whole-class teaching still
dominates in primary classrooms (Darmody et al. 2010, McCoy et al. 2012), therefore
teachers are not providing opportunities for the children to be physically active. Although
teachers are aware of the benefits of active learning (Niemi 2002) they may not be aware
of the effects of sedentary classroom behaviour. Evidence has shown that ‘traditional’
inactive teaching methods are used due to a lack of training on alternative methods (lack
of capability) (Darmody et al. 2010, McCoy et al. 2012), logistical and space constraints
with large class sizes, small classrooms and poor available resources (lack of physical
opportunity) (Niemi 2002, Darmody et al. 2010, McCoy et al. 2012). Active learning
methods also initially require much more planning and preparation than traditional
methods causing teachers to worry about whether they have time and energy to implement
them (Niemi 2002) (a lack of automatic and/or reflective motivation). An intervention
providing a sample of integrated teaching resources which can be used with large groups
of students in all classrooms and training for teachers on the benefits and use of these
resources would help overcome these physical and motivational barriers to increase PA
levels during the school day. In line with the BCW framework the intervention functions
to be addressed are Education, Persuasion, Training, Environment Restructuring,
Modelling and Enablement (See Table 4.1) which are outlined in more detail below. This
will be achieved through the development of resources, action plans, setting of achievable
goals, professional development training, reorganisation of the classroom environment,
use of appropriate classroom management techniques, and replacement of old teaching
habits with active methods. The active, ‘observable, replicable, and irreducible
components’ (Michie et al. 2011) of the BCW framework which identify content and
implementation options for the intervention are called behaviour change techniques
(BCTs). The behaviour change techniques (BCT) are the ‘active ingredients’ (Michie et
al. 2013) designed to change the behaviour and those which will be incorporated in this

intervention are outlined in Table 4.2.
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Table 4.1 Links between the components of the ‘COM-B’ model of behaviour and
the intervention functions (Michie ez al. 2008)

Model of Why are teachers What needs to = o
Behaviour: | not using physically change? £ g 0 *q:'; E o6 E
Sources active teaching b= 'z E £ 2| = g
methods? g Z 3 § E § =
2 | & |= |23 2 | &
= &
Capability- Teachers lacking Professional
Psychological skills to development/ ‘/ ‘/ ‘/
implement training needs to
physically active be provided to
methods teachers
(Darmody et al. Development of
2010, McCoy et action plans/goal
al. 2012) setting
Motivation- Teachers Teachers must
Reflective preference for plan to use J / ‘/ ‘/ ‘/
and direct instruction physically active
Automatic (McCoy et al. methods and
2012) as active develop a habit of
methods require using them.
much more Believe in the
preparatory work benefits of
(Niemi 2002) physically active
Overloaded methods by
curriculum and a teachers
lack of time (information
(Niemi 2002) sessions)
Teachers’ Teachers must
negative beliefs, want to increase
perceptions and PA levels.
attitudes towards Provision of
PA in the integrated lesson
classroom plans and
(Morgan and resources
Hansen 2008)
Opportunity- Space constraints Use of physically ‘/ ‘/
Physical within the active methods
classroom and with large groups
large class sizes of children even
pose logistical in classrooms
constraints with space
(McCoy et al. constraints
2012) Provision of
Poor teaching resources
and learning
resources (Niemi
2002)
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Table 4.2 Examples of trial intervention features mapped onto behaviour change
taxonomy and techniques (BCT)

Taxonomy Intervention BCT Definition Example in Active
Function Classrooms
Intervention
Shaping Training Instruction on Advise or agree on Provide an individual
Knowledge how to perform a | how to perform the information session and a
behaviour behaviour (includes sample of lesson plans to
skills training) each participating
teacher illustrating how
to integrate physically
active methods into
English and Maths
lessons
Associations | Education, Prompts/ cues Introduce social Text message at the
Environment stimulus with the beginning of each week
Restructuring purpose of prompting | prompting the use of
the behaviour active methods. Poster to
display in the classroom
requiring daily ticks
when active lessons have
been taught.
Comparison | Persuasion Persuasive source | Present verbal or Present results of PAAC
of outcomes visual programme (Donnelly e?
communication from | al. 2009) to show
a credible source in increase in PA levels of
favour of the children in the classroom
behaviour
Feedback Enablement Self- monitoring Establish a method Teachers keep a log of
and of behaviour for the person to lessons taught using PA
Monitoring monitor and record methods to include date,
their behaviour as time, lesson, and
part of a behaviour duration of PA
change strategy
Repetition Training Behaviour Prompt substitution Replace inactive
and Substitution of the unwanted teaching methods with
Substitution behaviour with the physical activities in
wanted behaviour teaching English and
Maths
Training Habit reversal Prompt repetition of | Use active
the wanted behaviour | methodologies as often
to replace the as possible to replace
unwanted habitual habitual inactive
behaviour methods
Training Generalisation of | Advise to perform the | Advise to use active
a target behaviour | wanted behaviour methods across other
already performed in | topics in English and
a particular situation, | Maths and in other
in another situation subject areas
Antecedents | Environment Restructuring the | Advise to change the | Advise to arrange desks
Restructuring | physical physical environment | in the classroom to allow
environment in order to facilitate space for movement

the performance of
the wanted behaviour
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Table 4.2 Examples of trial intervention features mapped onto behaviour change

taxonomy and techniques (BCT) (cont’d)

Taxonomy Intervention BCT Definition Example in Active
Function Classrooms
Intervention
Comparison | Education Information about | Provide information Share anonymous
of behaviour others’ approval about what other feedback from the
people think of the teachers who
behaviour. The implemented the pilot on
information clarifies what they thought of the
whether others will programme
like, approve or
disapprove of what
they are doing.
Goals and Enablement Problem solving Analyse factors Teachers complete a
Planning influencing the reflective exercise to
behaviour and analyse factors
generate or select influencing the
strategies that include | behaviour and engage in
overcoming barriers discussion with the
and/or increasing researcher to generate
facilitators strategies that include
overcoming barriers
and/or increasing
facilitators
Enablement Goal setting Set or agree a goal Eg. Plan to teach using
(behaviour) defined in terms of PA methods in at least
the behaviour to be two lessons each day
achieved (one English and one
Maths)
Enablement Action planning Prompt detailed Prompt to plan to teach a

planning of
performance of the
behaviour (must
include at least one of
context, frequency,
duration and
intensity)

lesson using PA methods
for at least 10 minutes
twice a day during
English and Maths
lessons.
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4.4 Sample/ Participants and Setting
Primary Schools: Randomly selected primary schools located around Munster, Ireland

will be invited to participate in the Active Classrooms program in 2014/15. Of the primary
schools within the study region, those that meet the following criteria will be eligible to
participate in the study: co-educational schools with a minimum of 20 students in each
class (to meet sample size requirements). Thirty-one schools, identified using the
Department of Education and Skills database, are eligible to participate. Ten schools will

be recruited.

Students: All students in third/fifth class of participating schools are eligible to
participate in the programme if they return a signed informed consent letter from their
parent(s) with child assent, and do not currently have a medical condition or physical
injury preventing testing or participation. Teachers: All teachers teaching third/fifth class
of participating schools are eligible to participate in the program if they return a signed
informed consent letter. Figure 4.Error! Reference source not found.1 depicts the flow

of participants through the trial.

4.5 Recruitment Procedures
Prior to recruitment, a random number function in Microsoft Excel will be used to

determine the order in which the eligible primary schools are approached to participate.
Invitations to participate will be sent to the principals of the first 10 randomly selected
schools who will be given 2 weeks to respond. After this time, follow up phone calls will
be made to the principals of invited schools who have not yet replied. If a selected school
declines, an additional letter will be sent to the next eligible school on the list until 10

schools accept the invitation to participate.

The letter sent to the principals of selected schools will outline the study in detail and
invite an expression of interest to participate. Upon receipt of their expression of interest
to participate, the researcher will contact the Principal by phone. A face-to-face meeting
will be requested with both the Principal and the classroom teachers to outline the
requirements of the study. Written consent will be sought from both the Principal and the
classroom teachers in each school before participants from relevant classes are recruited.
Should a school decide to withdraw during the study the principal can do so by informing

the researcher and the next school on the list will be invited to participate.

Students: In an effort to maximise parent and student consent a number of strategies that
have been used successfully in similar research as below (Lubans et al. 2010, Okely et al.

2011, Wolfenden et al. 2011) will be adopted. All students in participating classes will
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be provided with an information package that will contain a child friendly brochure and
a parent/guardian brochure outlining the study, an assent form, and a consent form for
parents/guardians asking for consent for their child to participate in the study data
collection. Parents will be asked to return the consent form to the school if they wish their
child to participate in the study. Assent must also be obtained from each child and should
a child withdraw assent this decision will override parental consent. The researcher’s
contact details will be provided to the parents should they have any questions regarding
the research. Classroom teachers will be asked to remind parents to return the forms if
they wish their child to participate. A replacement consent form will be sent to parents
providing verbal consent or if they have lost their forms. A minimum of 20 consenting
students will allow the class to participate. Should a student decide to withdraw during

the study they can do so by informing their teacher.
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Figure 4.1 Flow of participants through Active Classrooms
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4.6  Sample Size Calculation
The primary outcome variable in this study is minutes in MVPA measured by

accelerometers. Power calculations to determine the sample size necessary to detect
changes in MVPA are based on previous studies (Donnelly et al. 2009, Fairclough et al.
2012, Jago et al. 2013). Sample sizes are calculated to detect a mean difference of 10
minutes per day (Donnelly et al. 2009, Jago et al. 2013) of school day MVPA between
intervention and control groups at the end of the intervention period. A standard deviation
of 12 minutes (Basterfield et al. 2008, Fairclough et al. 2012) is used as this value has
been reported in the literature when describing the PA patterns in primary school children.
Using Minitab17 software a 2 sample t-test with an alpha of 0.05 and power of 73%, a
sample size of 180 participants (18 per class) will be required for analysis. Applying an
intra-cluster correlation of 0.05 to the formula outlined by Hemming et al (2011)
(Hemming et al. 2011), 9 clusters are sufficient for the trial. Ten classes and a minimum

of 20 students within each class will be recruited to account for possible dropouts.

4.7  Blinding and Randomisation
Randomisation by school will be performed after the schools have been recruited.

Randomisation will be undertaken by an independent third party who will blindly allocate
the ten schools into one of the two treatment conditions, the Active Classroom
intervention or a delayed-treatment control group, at a ratio of 1:1. Participating schools
and the researcher will be blinded to treatment conditions during baseline assessments to
reduce participation bias (Jadad 1998). After baseline data collection the researcher will
be informed to which group each school has been allocated and will then inform the

school principals and classroom teachers.

4.8  Physical Activity Intervention

4.8.1 Treatments
The explicit incorporation of strategies such as teacher professional learning, on-going

teacher support, availability of credible leadership, provision of resources and prompts,
and monitoring and feedback of intervention adoption have been suggested to be
important to ensure sustainability of intervention programs (Wilson and Kurz 2008,
Damschroder et al. 2009, Forman et al. 2009) and will be adopted in this study. These
features are important to support intervention adoption and behavioural changes within
classrooms and combined with the objective evaluation measures, contribute to the
uniqueness of the study and will provide evidence to support the effectiveness of the
Active Classrooms intervention for improving the PA levels of children without

interrupting academic teaching time.
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4.8.1.1 Intervention
An 8 week programme has been designed which integrates PA into the Irish Primary

English and Maths Curricula. Intervention lessons will be delivered by classroom teachers
during normal English and Maths instructional time each day during weeks 1 to 8. The
programme is designed for teachers to teach English and Maths lessons using physically
active teaching methods, to improve the PA levels of their students during the school day,

without interrupting academic teaching time.
Intervention Functions:

The functions of this intervention are to educate, train, persuade, restructure the
environment, and enable the teachers to change their behaviour towards using physically
active teaching methods in English and Maths lessons (See Table 4.1). These functions

occur in an integrated way and are outlined as such below.

Teacher Training: Training has been shown to be an effective implementation support
strategy (Moulding et al. 1999, de Meester et al. 2009). A once off, 40 minute, individual
information & training session will provide teachers in the intervention group with
training on their role in implementing the physically active lessons. All teachers will
undergo an identical training session to ensure understanding and consistency between
teachers and to maximise compliance. Reflexive exercises on the methods teachers
currently use, levels of MVPA the children currently engage in in classroom lessons, and
changing teaching practices and the environmental structure to enhance levels of activity
will be incorporated. Knowledge (education) will be shared with the teachers on the
benefits of teaching using active methods and the effects of physical inactivity. The
training session intends to foster skill development and enhance teaching styles to engage
children in active lessons and effectively increase their MVPA levels in the classroom

(See Table 4.3 detailing the content of the teacher information and training session).
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Table 4.3 Teacher training workshop agenda

Agenda Item

Description

Introduction to
Active
Classrooms

Physically
Active
Methods

Reflective
Exercise

Lesson
Planning

Conclusion

Brief description of inactivity problem in primary school
children

Role classroom teachers can play

Active Classrooms integrates PA into academic content
with a focus on English and Maths

Physically active teaching methods

Does not reduce academic teaching time

Explanation of PA as any type of movement

Explanation of moderate and vigorous PA

Examples of physically active teaching methods for English
and Maths

Preparation of the classroom environment

Teacher analyses his/her current teaching style, asks
him/herself if they could implement this intervention?
Why/why not?

Teacher engages in discussion with the researcher exploring
ideas to overcome barriers

Researcher shares sample lesson plans for physically active
Maths and English lessons

Intervention Timeline
Researcher contact details
Support available

Resources: Teachers will receive resource material containing sample intervention

lessons linked to the English and Maths Irish Primary School Curriculum. This will

enable them to enhance the PA levels of the students during the lessons (See Appendix

E, Appendix F, Appendix G and Appendix H). They will also be encouraged to generate

strategies to use physically active methods, develop plans to use the lessons daily, create

prompts for themselves to use the lessons at specific times each day, and track their

progress by recording lessons implemented.
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Prompts: The researcher will provide prompts such as text messages and interactive
posters to teaching staff to remind and persuade them to carry out the intervention with

their classes on the appropriate weeks.

Intervention adoption performance feedback: Principals and intervention teachers at
each school will be given feedback on teacher and pupil satisfaction, and the effectiveness
of the intervention programme on the PA levels of the students after the study has been
completed. This feedback as well as an explanation of how a similar intervention worked
in the Physical Activity Across the Curriculum (PAAC) study (Donnelly and Lambourne

2011) also intends to persuade the teachers to change their behaviour.

4.8.1.2 Delayed-Treatment Control Group
The control group will participate in English and Maths lessons with their classroom

teacher as normal during the 8-week period. Control schools will participate in the
measurement components of the study only. The lesson content will be decided as usual
by the classroom teacher. Teachers in control schools will receive a text prompt at the
beginning of data collection weeks reminding them to distribute the accelerometers each
day and to record pupil non- wear time. They will also be offered all developed
intervention materials and the results of the study after follow-up data at 4 months have

been collected.

Support and leadership will be available from the researcher to the teachers throughout
the study in the form of making decisions related to timing, arranging delivery and
collection of accelerometers and resources, providing materials, sample lessons and
advice to enhance teaching and learning of the teachers’ current topics, being available to
speak to the teachers at their request, should they have any issues, and offering

encouragement.

4.9 Data collection procedures and measures
Data collection will commence in January 2015. Schools will be placed in pairs on a

rolling weekly schedule with each pair allocated 3 data collection weeks. All data will be
collected by the researcher at baseline, on the 8" intervention week and at 4-months
follow-up. All participants will complete a questionnaire to collect demographic
information and will wear an accelerometer each school day during data collection weeks.
The researcher will distribute the accelerometers to the schools on Mondays before school
and collect them on Fridays after school. All teachers in both intervention and control
groups will be trained on how the children should wear the accelerometers and how to

log non-wear time. The accelerometers and instructions for use will be given to the
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classroom teacher who will distribute the devices to the students at the beginning of each
school day and collect them at the end of each school day. Adherence will be monitored
by having classroom teachers keep a record log in which they will indicate when and what
intervention lessons they carried out with the class each day. Teachers will also record
student’s accelerometer non-wear time and the reasons why eg. due to water activities,
absence etc. To improve compliance, teachers will be sent a text message each data
collection week reminding them to distribute the accelerometers and complete the log

(Lubans et al. 2010, Okely et al. 2011).

4.10 Outcome Measures
Daily PA levels of all participating students within each class will be collected using

accelerometer measures detailed below. Participants will be asked to wear the
accelerometers during normal school day activities (Bartholomew and Jowers 2011,
Murtagh et al. 2013) except while swimming, for five consecutive school days of baseline
and intervention measurement. The age and sex of the children in each class will be
recorded and an identifying code paired with an accelerometer will be assigned to each

student.

Objectively measured PA data will be collected via accelerometers (Actigraph)
Accelerometry provides an objective, valid and reliable way of measuring PA in young
people (Trost 2007, Dollman et al. 2009, McClain and Tudor-Locke 2009). The
Actigraph model has been selected due to their common use and good psychometric
properties against other accelerometer types among children (de Vries et al. 2006).
Although there is best practice for accelerometer use there is no consensus on several
issues eg: no. of days measurement for school children to reflect their habitual activity

therefore this study will consider best practice recommendations (Yildirim ef al. 2011).

The primary outcome will be student PA defined as mean minutes of MVPA. Percentage
of time spent in MVPA will also be calculated to adjust for individual accelerometer wear
time. The accelerometers will be attached to an elastic belt and worn over the right hip.
Raw data will be collected and stored in 15 second epochs as this allows for pattern
recognition techniques to be applied to the data later, if desired. Fifteen second epochs
are highly recommended and have been shown to have the best sensitivity and specificity
for use with children when compared to others (Evenson et al. 2008, Trost et al. 2011).
The Actilife software classifies the intensity for each 15 second period according to the
selected cut points. The Evenson cut-points (Evenson et al. 2008) will be used to
categorize different intensities of PA as these provide the most acceptable classification

115



accuracy for all four levels of PA intensity and they performed best among children of all
ages (Trost et al. 2011). Guided by the 70/80% rule a day is defined as a period that 70%
of the students record accelerometer data and 80% of that observed period constitutes a
minimal day for data collection (Ward et al. 2005). A regular school day is 340 minutes
therefore, it is expected that the monitors are worn for 272 minutes (4hrs 32 minutes) on

school days.

Based on recommendations (Esliger et al. 2005) a cut point for the upper limit count
values will be set to avoid spurious data. Esliger et al. (2005) found that count values of
>15,000/min are very unusual and implausible therefore, count values above 15,000 will
be considered as missing data. For outcome measures of minutes of MVPA the
expectation maximisation (EM) algorithm was found to have greater precision in
predicting missing values than multiple imputation (Catellier et al. 2005) therefore this

procedure of imputation will be used for missing data in this study.

4.11 Data Management
Microsoft Excel will be used to prepare and clean accelerometer data files according to

non-wear time (described below), invalid data (eg days that do not have enough wearing
time and implausibly high count values), and specific bout definitions such as bouts of

sedentary time.

This study is only taking the students’ PA levels while ‘in-school’ into consideration.
Therefore, students are expected to wear the accelerometers throughout the school day
(Cardon et al. 2004) except during water activities. Exact school-times will be collected
in forms filled out by the principal of each school allowing filters for school times to be
applied during data cleaning. Similar data processing criterion from a study by Sluijs et
al. (2011) and Yildirim et al. (2011) will be used. In brief, the total valid hours per school
day and the total time spent in sedentary behaviour, light, moderate and vigorous activity
will be obtained. The mean percentages of time spent in sedentary, moderate and vigorous

activity categories per school day will be calculated.

Wear time calculation is not solely excluding all zero count values from data, as sedentary
behaviour is part of data (Yildirim ez al. 2011). Unlike previous studies (Sluijs et al. 2011,
Yildirim et al. 2011) 10 minutes of continuous zero counts cannot be classified as ‘non-
wear time’ since students may engage in sustained periods of sedentary behaviour in the

classroom. For this reason teachers will be asked to record non-wear time such as if
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students are absent from school or if they need to remove the accelerometers to engage in

water activities.

4.12 Assessment on Effectiveness, Teacher and Student Attitudes
Immediately post-intervention, questionnaires will be administered to assess teachers’

attitudes toward the effectiveness and sustainability of the intervention project. The
questionnaire has been designed to determine teachers’ perceptions on the various aspects
of the programme and to elicit their ideas on how to improve the intervention project. The
questionnaire should take no more than 15 minutes to complete. The questionnaire design

is described below.

e Demographic Information: 5 structured quick response questions will be used to
determine the personal characteristics of the teachers (name, age bracket, sex,
class level, and school).

¢ Implementation experience: information relating to the participants experience in
implementing the intervention lessons is sought through the use of 5 structured
closed and open ended questions. Teachers are asked to rate the ease with which
they found the implementation of the intervention lessons on a scale of 1-5 with
1 being most difficult and 5 being the easiest to implement. On 5- point Likert
format scales they are asked to indicate how often they used the intervention
lessons and how likely they are to continue using them in the future. The
participants are also asked for reasons for their answers so that factors supporting
and inhibiting implementation of the intervention can be identified.

e PA Levels: Teachers are asked to indicate, on a Likert format scale, the effect they
believe the lessons had on their students’ PA levels.

e Teaching and Learning: Teachers are asked to indicate on Likert format scales the
degree to which they believe the intervention lessons enhanced their teaching and
their students’ learning.

e Evaluation: Finally the teachers are asked to identify any difficulties or challenges
they found while implementing the intervention and to make suggestions to
improve the program. A sample of teachers will be interviewed to further explore

their experiences of the programme.

4.12.1 Student Voice
Student enjoyment has been found to moderate and mediate the effect of PA interventions

(Howie et al. 2014) and teacher acceptance also relies on this enjoyment. Therefore, to

develop an effective intervention it is essential to evaluate the students’ enjoyment of the
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programme. The use of approaches that incorporate the visual have been recommended
to extend our understanding of children’s perspectives (Crivello et al. 2009, Loveridge
2010, Clark and Moss 2011, Dalli and Te One 2012, Knowles et al. 2013). However, it
has been identified that drawings may not be useful as visual images in themselves (Veale
2005) since they cannot be interpreted adequately without children’s explanations.
Therefore, the write and draw technique combined with focus group discussions has been
regarded as a developmentally appropriate methodology to use with primary school
children (Te One 2007, Knowles et al. 2013). This methodology enables children to
express their opinions and views as well as providing an insight into their belief system.
Focus group discussions framed around the children’s drawings and written texts
strengthen the quality of the data (Crivello et al. 2009) and the use of these multiple data
collection sources enable triangulation. As a result of this evidence, the students’
enjoyment of the Active Classrooms programme will be evaluated through the use of the

write and draw technique combined with focus group discussions (Knowles et al. 2013).

At baseline the students will be asked to draw pictures of themselves in English and Maths
lessons and write about each one. Post-intervention they will be asked to repeat this task.
A randomly selected sub group of four participating students from each class will engage
in focus group discussions with the researcher. The children’s drawings and written texts
will form the basis of the discussion. Through engagement in conversation with the
children, the researcher will translate the images and text into spoken words. Clarification
will be sought to ensure the researcher has an accurate perception of the children’s views,
knowledge and experiences. Focus group interviews will be audio taped to ease the
analysis process. The non-verbal behaviours of the individuals and their reactions to the
issues discussed and questions asked will also be recorded (Crivello et al. 2009) to assist
with interpretation. To promote complete and transparent reporting among researchers
and indirectly improve the rigor, comprehensiveness and credibility of interview and
focus group studies, a 32 item Consolidating Criteria for Reporting Qualitative Research
(COREQ) checklist was developed (Tong et al. 2007). This checklist will be followed in

reporting the qualitative sections of the study.

4.13 Statistical Methods
The effectiveness of the intervention will be assessed using a mixed design ANOVA to

compare the change in the primary outcome (within subjects and between treatments)
when measured as the mean and total weekly MVPA levels while adjusting for the

following covariates as appropriate: baseline MVPA level, age, gender and class. All data
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will be inputted to Microsoft Excel and subsequently SPSS where statistical comparisons
will be made between control and intervention groups to evaluate the effectiveness of the
intervention on MVPA levels. Analyses using cluster-level summaries are reported to be
stronger than analyses based on individual-level data when there are less than 15 clusters
per treatment arm (Hayes and Bennett 1999). Therefore the primary outcome for this
study will be analysed by calculating the change in the mean number of minutes of MVPA
within each classroom and then comparing the classroom-level means of the intervention

group with the classroom-level means of the control group.

Both fixed (intervention effects) and random (classrooms in schools) effects will be used
in this study therefore, mixed design ANOVA is appropriate for analysing the data. The
data in this study are a three- level clustered repeated- measure data set (the individual
students are nested within classrooms which are in turn nested within schools and
measures will be taken at baseline, after the intervention and at follow-up). Mixed design
ANOVA allows researchers to determine if each of the within and between subject effects
have an influence on the dependent variable when controlling for variance due to other
factors, such as gender, class and age, as well as determining if the combined effect of
the factors has an influence on the dependent variable (O'Donoghue 2012). Differences
in PA levels between participants in the intervention and control groups will be measured
using t-tests at baseline and follow-up (Eather ef al. 2011) and they will be represented
using suitable numerical summaries and graphical techniques. Normality testing will be
performed and non-parametric tests (O'Donoghue 2012) will be applied to compare data
if necessary. Differences between those who complete and those who drop out of the
study will be examined using independent samples t-tests. Multiple imputation will be

considered if the dropout rate is substantial.

Analysis of questionnaires and focus groups: Focus group discussions will be recorded
and transcribed. Closed and Likert Format questionnaire responses will be coded and data
will be inserted into an Excel spreadsheet for analysis. Open-ended questions and focus
group discussions will be analysed using a recursive approach (Cohen et al. 2007). Quotes
with similar meanings will be grouped together and labelled with a theme. All statistical

analyses will be performed using SPSS version 21 software package.

4.14 Discussion
The purpose of this study is to evaluate the effectiveness of a classroom-based, teacher-

led initiative on the PA levels of Irish primary school boys and girls. Physically active
teaching methods will be integrated into English and Maths lessons with the intention of
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increasing MVPA levels in the classroom setting. The intervention is guided by the
behaviour change wheel (BCW) framework which relies on specific behaviour change
techniques to modify the behaviour of the teachers, encouraging them to use these
physically active teaching methods in their English and Maths lessons. The goal is to
increase the daily MVPA levels of the students.

The lack of classroom-based PA interventions which integrate academic content in a
meaningful way highlights the need for this intervention. What children do in the
classroom is largely influenced by the teacher, therefore teachers and their attitudes play
a central role in determining the success or failure (Fullan 2007) of classroom based
interventions. Consequently, implementing change in the classroom is ultimately a
personal, individual decision by teachers. Encouraging classroom teachers to assume
responsibility for integrating PA into academic lessons requires behavioural change on
the part of the teacher, as well as, presenting them with interventions that fit with their
schedules, curriculum and their beliefs and values about teaching (Cothran et al. 2010).
The Behaviour Change Wheel (Michie et al. 2011) framework requires an analysis of this
target behaviour to develop an effective intervention based on the teachers’ specific
needs. The lessons, resources and materials are designed to fit into the curriculum
currently being taught by the teacher. They outline and enable physically active teaching
methods, and intend to enhance both the teaching and learning of the content while also
facilitating the students to be more physically active. This contributes to the uniqueness

of the study.

Student enjoyment has a large effect on the success of PA interventions (Howie et al.
2014) and teacher acceptance also relies on this enjoyment. Therefore, to develop an
effective intervention it is essential to evaluate the students’ enjoyment of the programme.
The teacher and student evaluations will allow us to explore the impact of specific
elements of the intervention. This evaluation will provide valuable information for other
researchers looking to improve PA levels of primary school children through classroom-

based interventions which integrate academic content.

The study described in this paper is innovative, as it proposes an intervention which
provides teachers with lesson ideas and resources enabling them to teach academic
content using physically active teaching methods in their classrooms. The use of
accelerometers is also noteworthy since accelerometry quantifies the intensity of the PA
accumulated. It is envisaged that a sustainable and transparent intervention has been

developed to change teacher behaviour towards the use of active teaching methods, which
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will contribute towards increasing MVPA levels of children in classrooms. If successful,
the Active Classrooms intervention could be widely disseminated to provide an effective
means of improving the PA levels of a large population of children, therefore contributing

to overall public health.

4.15 Chapter Conclusion
The article articulated within Chapter 4 presents the considerations given to the

development of the intervention and methods to be employed in recruiting the
participants, conducting the investigation, gathering and analysing data and reporting the
results. Elements contributing to the uniqueness of the study are also highlighted. The
following two chapters outline a report of the cluster randomised controlled trial. The
effects of the intervention on the MVPA levels of participating students and teacher
ratings of their satisfaction with the programme are presented in Chapter 5. Chapter 6
delves deeper into the teachers’ perceptions of the programme and also presents students’

experiences of participating in the programme.
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Chapter 5: Active Classrooms: A cluster randomised controlled trial evaluating
the effects of a movement integration intervention on the physical activity levels of
primary school children

Preamble

The following article describes an 8-week cluster randomised controlled trial designed to
evaluate the effects of the ‘Active Classrooms’ intervention on the MVPA levels of
primary school children during class time and throughout the school day. Teacher
perceptions of implementing the programme and their ratings of students’ engagement
are also evaluated. This article has been peer-reviewed and accepted for publication in
Journal of Physical Activity and Health, ©Human Kinetics impact factor 1.884. The full
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http://dx.doi.org/10.1123/jpah.2016-0358

Statement of authorship:

I hereby declare that I, Rosemarie Martin am the principal author of this article. The

following statements outline my contributions to the work:

Substantial contributions to the conception and design of the work; the acquisition,
analysis, and interpretation of data for the work; AND

Drafting the work and revising it critically for important intellectual content; AND
Final approval of the version to be published; AND

Agreement to be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are appropriately investigated

and resolved (ICMIJE 2014).

(See Appendix R)

See Appendix S for ©Human Kinetics copyright permissions.

129



5.1 Abstract
Design: A cluster randomized controlled trial was conducted to assess the effectiveness

of the ‘Active Classrooms’ intervention, which integrates movement into academic
lessons, on the MVPA levels of primary school children during class-time and throughout
the school day. Methods: Ten classroom teachers and their students aged 8-12 years
were recruited and randomized into the ‘Active Classrooms’ intervention group
(n=131students, n=5teachers) or a delayed-treatment controlled group (n=117students,
n=>5teachers). The intervention group participated in active academic lessons taught by
the classroom teacher over an 8-week period. Accelerometers were used to gather PA
data at baseline, post-intervention and at 4 months follow-up. Teachers completed a
questionnaire to evaluate the programme. Results: A significant difference for change in
daily class time MVPA levels was identified between the treatment (n=95) and control
(n=91) groups from pre- to post-intervention (p<.001) and this difference was maintained
at follow-up (p<.001). No significant difference emerged between the treatment and
control groups for change in school day MVPA levels from pre- to post-intervention
(p=-52) or follow-up (p=.09). Teachers reported that they were highly satisfied with the
programme. Conclusions: Movement integration has the potential to improve PA levels

of primary school children in the classroom.

Keywords: public health, teaching, exercise, intervention study, motion sensors, youth

Trial Registration Number: ISRCTN14265493
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5.2 Introduction
Declining PA levels of primary school children have become major health issues in recent

years. Internationally only one in five children achieve the recommended 60 minutes of
MVPA daily (World Health Organization 2010). These high levels of physical inactivity
track across phases of life into adulthood (Hill et al. 2011), are linked to obesity,
cardiovascular disease, coronary heart disease, hypertension, type 2 diabetes, and cancer
and have resulted in higher rates of morbidity and mortality (Naylor and McKay 2009,
World Health Organization 2010). This is also particularly true to Ireland with 70% of
boys and 84% of girls aged 9-18 years not achieving 60 mins of PA daily (Inchley et al.
2016). The World Health Organization (WHO) (2008) and the Global Advocacy for
Physical Activity (GAPA) specifically identified schools as a target setting for the
promotion of PA among children and youth (World Health Organisation 2008, GAPA
2010). However, school environments may also contribute to the promotion of poor
exercise habits with children spending the majority of their time in school engaged in
sedentary classroom behavior (Fairclough et al. 2012). It has been argued that PE alone
cannot provide sufficient activity to help students meet recommended levels of PA to
achieve health benefits since it is a subject which occurs too infrequently (50-80 hours
per year, ~10% of total teaching time) (European Commission 2013) and provides limited
amounts of moderate-to-vigorous activity due to lack of space and equipment, large class
sizes, and in some cases inadequate teacher training (Morgan and Hansen 2008b). It has
consequently been recommended that schools internationally develop policies to increase
students’ PA levels across the school day, in addition to PE classes (Ward 2011). In
Ireland the Department of Education and Skills (Curriculum and Assessment Policy Unit
2016) released a circular (0013/2016) recommending that all primary schools develop a
formal plan to promote PA outside of the PE curriculum. However, with emphasis on
assessment subjects such as literacy and numeracy, time for activity breaks within the
classroom is limited. In order to address this problem which places emphasis on academic
material to the detriment of PA, methods of embedding PA into academic lessons in the

classroom are warranted (Martin and Murtagh 2015a).

The Centers for Disease Control and Prevention (2010) devised the Comprehensive
School Physical Activity Program (CSPAP) to encourage schools to provide students
with multiple opportunities to accumulate PA during the school day. One component of
the program includes the integration of PA into classroom lessons. Two systematic

reviews of the literature identified 16 published interventions which integrate PA into
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academic lessons (Norris ef al. 2015, Webster et al. 2015). These existing interventions
have illustrated that contrary to teachers’ beliefs that these lessons reduce traditional
teaching time and interrupt learning (Morgan and Hansen 2008a), physically active
academic lessons have been proven to not only positively influence students’ PA levels
but also improve their academic attainment, health, classroom behavior, time-on-task and
concentration (Norris et al. 2015, de Greeff et al. 2016). Therefore, there is strong
evidence supporting the recommendations by the Comprehensive School Physical
Activity Program (CSPAP) (Centers for Disease Control and Prevention 2010) to

integrate PA into academic lessons.

Factors influencing the success of PA interventions in the classroom have been examined
previously. Cothran et al. (2010) and McMullen et al. (2014) concluded that teacher
attitudes towards and satisfaction with PA programmes are keys to their success. Teacher
decisions to integrate PA are influenced by student engagement in the lessons, classroom
management issues, maintaining teacher control and connection to the academic
curriculum (McMullen et al. 2014). Student enjoyment has been shown to influence
teacher satisfaction and approval of classroom based programmes (McMullen et al. 2014,
Martin and Murtagh 2015b). However, few previous interventions which integrate PA
into academic content in the classroom evaluated these factors (Finn and Mclnnis 2014,
Riley et al. 2015). In the Active Science Curriculum study (Finn and Mclnnis 2014) PA
data were gathered and used as a resource to teach science lessons. Teacher interviews
reported positive attitudes towards the programme and student questionnaires and focus
groups revealed that students enjoyed the lessons while learning the science content and
skills. PA levels were not evaluated in this study. Riley et al. (2015) evaluated teacher
and student satisfaction of the EASY Minds pilot study which integrated PA into the
mathematics curriculum. They reported that both teachers and students were highly
satisfied with the programme. They also reported significant improvements in MVPA
levels and time-on-task during the lessons. TAKE 10! (Peregrin 2001) is a US based
programme which engages students in PA while reinforcing academic learning objectives
from literacy, numeracy, science, health and social studies curricula. This programme was
developed and revised using teacher input and feedback. It has since been adapted and
successfully implemented across the globe in interventions such as Physical Activity
Across the Curriculum (PAAC) (Donnelly et al. 2009), Happy 10! (Liu et al. 2008, Li et
al. 2010) and F&V (Mullender-Wijnsma et al. 2015). TAKE 10! has been well received

by teachers (Mahar et al. 2006, Cheryl Gibson et al. 2008) and students (Barry et al. 2003)
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and it has therefore, been shown to be effective in improving students’ PA levels (Liu et
al. 2008, Donnelly et al. 2009). Hence, to illustrate the effectiveness of such PA
interventions it is vitally important that PA levels of the students are evaluated, as well as
teacher acceptability of the programme. Since there is a paucity of studies focusing on

these outcomes they will be evaluated in the ‘Active Classrooms’ study.

The ‘Active Classrooms’ intervention was designed based on the Behavior Change Wheel
framework (Michie et al. 2008), which emphasizes that for behavior change to occur it is
essential to evaluate the capabilities, opportunities and motivations (COM-B) of
classroom teachers to use PA as an instructional strategy and then facilitate them with
solutions to the barriers which prevent the desired behavior from being carried out
(Michie et al. 2011b). Details are outlined in Appendix K and Appendix L and discussed
in detail in the published protocol for this study (Martin and Murtagh 2015a). The current
study was informed by the results of a pilot study which indicated that the intervention
lessons had a positive effect on the MVPA levels of the students, contributing a mean of
8 minutes to their school day PA accumulation (Martin and Murtagh 2015b).
Comparisons were made between MVPA levels of the students during the intervention
lessons and during regular classroom instruction. The teacher was very satisfied with the
programme and acknowledged that the lessons were easy to implement. Participating
students revealed that they really enjoyed the activities. Although not an explicit outcome
of the study it also emerged that the teacher and students perceived that the active lessons
enhanced teaching and student learning in the classroom. Further evaluation of the
programme is required to assess its effectiveness on a larger scale, with control and

intervention classes and over a longer period of time.

The primary aim of the ‘Active Classrooms’ programme was to improve the PA levels of
Irish primary school children by integrating PA into the teaching of English and
Mathematics academic content of the Irish Primary School Curriculum. Accelerometry
was used to obtain objective PA data. Secondary objectives included an evaluation of
teacher acceptability of the programme and teacher ratings of their students’ engagement

in the programme.

5.3 Methods

5.3.1 Study Design
This paper outlines the ‘Active Classrooms’ cluster randomised controlled trial which

was designed to evaluate the effect of active academic lessons on the MVPA levels of
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primary school children, during class time and throughout the entire school day. The
primary outcomes are change in minutes per day and percentage time in MVPA during
class time and throughout the school day. Comparisons will be made between the MVPA

levels generated between control and intervention schools.

Design conduct and reporting of the ‘Active Classrooms’ randomised controlled trial
adheres to the Consolidation standards of Reporting Trials (CONSORT) (Moher et al.
2010, Schulz et al. 2010) guidelines. Further methodological details are outlined in the
study’s protocol paper (Martin and Murtagh 2015a). The ‘Active Classrooms’ trial is
registered with an International Standard Randomised Controlled Trial Number

(ISRCTN14265493).

5.3.2 Recruitment and Study Participants
Prior to recruitment ethical approval was granted by Mary Immaculate College Research

Ethics Committee, Limerick, Ireland. Thirty-one primary schools, identified using the
Department of Education and Skills database, met eligibility criteria to participate in the
study. These criteria included proximity to the university (within a 20km radius), co-
educational schools, and to meet sample size requirements having a minimum of 20
students in each class. Schools which had already received incentives such as the ‘Active
School Flag’ for improving PA during school time were not deemed eligible to
participate. A 2-sample t-test with an alpha of 0.05 and power of 73%, in Minitab17
calculated a sample size of 180 participants (18 per class) to detect a mean difference of
10 min £ 12 mins MVPA between the control and intervention groups. An intra-cluster
correlation of 0.05 was applied to the formula outlined by Hemming et al. (2011) which
deemed 9 clusters sufficient for the trial. Ten clusters with a minimum of 20 participants
within each were recruited to account for possible dropouts. A random number function
in Microsoft Excel determined the order in which schools were invited to participate. To
recruit the target number of ten schools, twenty-one schools were approached by the
researchers. Of these, 4 schools failed to respond to the invitation despite follow-up
contact being made, 7 schools declined to participate due to time or space restraints or
because they were already participating in other projects at the time and 10 schools in
Limerick, Ireland volunteered to participate. Face to face meetings were arranged with
the principal and participating classroom teacher in each participating school to outline
the requirements of the study. Schools were matched on participating grade level. After

baseline measures were collected each school was assigned a number, which an
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independent third party drew out of a hat to blindly and randomly allocate each school
into the delayed treatment control or the ‘Active Classrooms’ intervention group at a ratio

of 1:1.

5.3.2.1 Participants
The target age for students to be included in this study was 8-12 years therefore, one

teacher of 3™ - 5 class in each school was invited to participate. The principal and teacher
who agreed to participate in each school completed and returned consent forms. Ten
primary schools and 10 classroom teachers (1 per school) were recruited to participate in
the study. Each class was randomly assigned to the intervention (n = 5, 3 male and 2
female teachers) or control (n =5, 2 male and 3 female teachers) group after baseline data
collection. Equal grade levels were represented in each group. All ten schools completed
the study. Written parental consent and child assent were obtained from each student in
the participating class prior to commencement of the study. All students in classes
randomized to the intervention group participated in the physically active lessons since
they were incorporated into the teachers’ instructional time however, measurement data
were not obtained unless consent and assent were granted. All students in control
classrooms received regular instruction without any additional PA incorporated. A sub-
sample of 20 students in each participating class were randomly selected to wear
accelerometers during school hours for each of the PA data collection weeks. Two
hundred and forty-eight students (n = 131 intervention (69 boys, 62 girls) and n = 117
control (58 boys, 59 girls)) with a mean age of 8.9 years (+ .95) returned signed consent
and assent forms to participate. Of these, baseline BMI measures were gathered from 244
students and a sub sample of 200 (20 per class) provided PA data. All 5 teachers in the
intervention group returned completed questionnaires. Table 5.1 outlines baseline
characteristics of students randomized to the ‘Active Classrooms’ intervention and
control groups. Flow of participants through the ‘Active Classrooms’ study are illustrated

in Figure 5.1.
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Assessed for eligibility (n= 149 schools)

[ Enrollment ]

A

Excluded (n= 139)

* Not meeting inclusion criteria
(n=128)

* Declined to participate (n=7)

* Other reasons (n=4)

Randomized (n= 10 schools,

n=10 teachers, n=261 students)

A 4

Allocated to intervention (n= 5
schools & teachers, n= 137 students)
¢ Received allocated intervention (n=
5 teachers, n= 131 students)

* Did not participate (n=6 students,
failed to consent)

[ Allocation

] teachers, 124 students)

v

A4

Allocated to delayed treatment
control (n= 5 schools &

e Served as control (n=5

teachers, n= 117 students)
* Did not participate (n=7
students, failed to consent)

Lost to follow-up (give reasons) (n=
1) (did not meet wear-time
requirements)

Discontinued intervention (n= 0)

[ Follow-Up

] Lost to follow-up (n=6

students) (n= 2 absence, n= 3
failed to meet wear-time
requirements, n=1 moved
school)

Analysis

Analysed:

Analysed:

Physical Activity (n= 95 students)
BMI (n= 130 students)

Teacher questionnaires (n=5 teachers)
Excluded from analysis (n=5 students)
(did not meet wear-time requirements)

Physical activity (n= 91 students)
BMI (n= 114 students)

Excluded from analysis (n=9
students) (did not meet wear-time
requirements)

Figure 5.1 Flow of participants through the Active Classrooms study
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Table 5.1 Baseline characteristics of students randomized to the Active Classrooms
intervention and delayed treatment control group

Characteristics Control (n=99) Intervention All children
(n=98) (n=197)

Mean (SD) Mean (SD) Mean (SD)

Age (years) 9.1 0.9 8.8 1.0 8.9 1.0
Weight (kg) 34.0 7.8 35.2 8.0 34.6 7.9
Height (m) 137.2 7.4 138.6 7.3 137.9 7.4
BMI (kg/m?) 17.9 2.6 18.2 2.9 18.0 2.8

Abbreviations: MVPA, moderate-to-vigorous physical activity; Sed, sedentary; n,
number; SD, standard deviation

5.3.3 Treatments

5.3.3.1 Physical activity intervention

The ‘Active Classrooms’ programme was developed by a university-based teacher
educator and a doctoral student who is also a primary school teacher. It is an 8-week
behavior change intervention designed to educate, train and enable primary teachers to
change their teaching methods towards engaging children in physical activity while
learning the academic content of English and Mathematics lessons. The intervention is
novel in that it was designed using the Behavior Change Wheel framework (Michie et al.
2011b). Details on the use of this behavior change theory and its application in the design
of this intervention programme have been published previously and are summarized in
Appendix K and Appendix L (Martin and Murtagh 2015a). Teachers in the intervention
group attended a 1-hour workshop, were provided with lesson ideas, resources and
reminders, encouraged to plan, set targets and engage in self-reflection to enable them to
teach using physically active methods. Lesson ideas provided were linked to specific
strands and strand units of the Mathematics and English Primary School Curriculum in
Ireland (NCCA 1999) and aimed to compliment the teaching of specific content within
those strand units by engaging the students in physical activities during their learning.
The researchers requested that teachers incorporate at least one active English lesson idea
and one active Mathematics lesson idea into their teaching each day. Lesson ideas
provided to the teachers were designed to last a minimum of 10 minutes each but could
be extended and adapted by the teachers as desired to fit with their schedules and
planning. Adherence was monitored by having classroom teachers keep a record log in

which they indicated when and what intervention lessons they carried out with their class
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each day. This also served as a self-monitoring tool for the teachers to perform the
behavior. The programme sought to improve the PA levels of the students during the

school day without interrupting academic teaching time.

Teacher training. Once off individual training was provided to all participating teachers
in the intervention group. Each training session lasted a minimum of 1 hour which
included questions from the teachers. Content details of the training sessions are outlined

in Martin and Murtagh (2015b) and can also be viewed in Appendix M below.

Delayed- treatment control group. Teachers in the delayed- treatment control group
continued teaching English and Mathematics lessons as normal throughout the 8-week
period. They did not receive any training, information or resources regarding the active

lessons.

5.3.4 Data Collection Procedures and Measures

5.3.4.1 Physical activity

Data collection commenced in October 2014. Schools were randomly placed in pairs on
a rolling weekly schedule with each pair allocated 3 data collection weeks. All data was
collected during school hours for 5 consecutive days at baseline (week 0), post-
intervention (week 8) and at 4 months follow-up (week 16). All participants completed a
questionnaire to collect demographic information and 20 randomly selected students in
each class wore an accelerometer each school day during data collection weeks.
ActiGraph accelerometers (models GT3X and GT3X+, ActiGraph LLC, Pensacola,
Florida) were used. Data collection and accelerometer wear procedures identical to those
detailed in the protocol paper were carried out during PA measurement (Martin and
Murtagh 2015a). That is, accelerometers were mounted on elastic belts and worn around
the participants’ waist with the accelerometer unit placed over the right hip. PA data was
collected in 15 second epochs to account for children’s natural activity levels which occur
in short bouts (Evenson et al. 2008). Since they have been shown to have the most
acceptable classification accuracy for accelerometer use with children (Trost et al. 2011),

Evenson cut points were applied to intensity levels.

Wear-time. This study follows best practice recommendations for accelerometer use with
children (Ward et al. 2005, Trost et al. 2011). The 70/80% rule for determining wear time,
outlined by Ward et al. (2005) is adopted in this study. A rationale for its use and details

of its implementation have been reported previously (Martin and Murtagh 2015a). As PA
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levels of the students were examined only during the school day 272 minutes (80% of the
school day, 340 minutes) was set as the minimum accelerometer wear time. Since over
70% (>140) of the students met wear time requirements on all 5 days of each
measurement week, all 5 days were included in the analysis. The minimum activity
threshold required to start a non-wear period was set at 60 minutes to allow for accurate
collection of sedentary data (Martin and Murtagh 2015a), 15,000 counts was set as the
cut point for the upper limit count values to avoid spurious data (Esliger et al. 2005) and

spike tolerance was set at 2 minutes.

5.3.4.2 BMI calculations
Weight and height measures were collected from all participating children at baseline.

Children were measured in their socks, uniform t-shirts and trousers using a stadiometer
(Seca Corp, Model #214 Road Rod, Hanover, MD) and digital scale (Seca Corp, Model
#899, Germany). See Appendix N for standard operating procedures used. Measurements
were taken and recorded privately by the researchers and results were not disclosed to
participants. BMI was calculated as kg/m? following recommendations by Cole et al.

(2000).

5.3.4.3 Teacher’s perceptions
Questionnaires modelled on that used and validated in the process evaluation of the “Toy

Box’ intervention (Androutsos et al. 2014) were administered to all teachers in the
intervention group at post-intervention. Demographic information was collected through
5 structured quick response questions (name, age, sex, class level, school). Likert format
questions were used to assess teachers’ opinions on the ease of implementing the
programme, its effect on students’ PA and enjoyment levels, the effect of the physically
active lessons on teaching and learning in the classroom, and the sustainability of the
programme. Details regarding the structure of the teacher questionnaire and a sample of

specific questions asked have been outlined previously (Martin and Murtagh 2015b).

5.3.5 Data Reduction & Analysis

5.3.5.1 Physical activity
All accelerometer, BMI and participant demographic data was imported into Microsoft

Excel where it was cleaned and subsequently imported into SPSS version 21 for analysis.
A Shapiro-Wilk’s test (p > 0.05) (Shapiro and Wilk 1965, Razali and Wah 2011,
O'Donoghue 2012) indicated that MVPA was approximately normally distributed. A
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repeated measures ANCOVA adjusting for the cluster randomised design by weighting
class estimates according to their size was conducted to assess the change in mean MVPA
levels over the 3 time points between groups. Adjustments were made for sex, age and
BMI category. Further analyses were carried out using ANOV As and t-tests were used to
evaluate the effect of the intervention on sex of participants. An a level of 0.05 was used
for all statistical tests. Since p-values could be impacted by the sample size employed
(Zhu 2016), Effect Sizes (ES) using Cohen’s d index (Cohen 1988) were also calculated
and reported. Minutes in class time MVPA were calculated by subtracting break and
lunch time MVPA from time spent in MVPA throughout the school day. Results are
presented in mean minutes and percentage time spent in MVPA daily during class time

and during the entire school day.

5.3.5.2 Teacher perceptions
Teacher satisfaction and sustainability of the programme were evaluated using Likert

format questions. Teachers were asked to indicate their responses on a 5 point rating scale
ranging from 1 meaning least likely/disagree to 5 meaning most likely/agree. Questions
included an evaluation of teacher and student enjoyment levels as well as, the degree to
which teachers felt the programme improved their teaching and their students’ learning.
Results were coded and input into Microsoft Excel 2010 where means were calculated

based on each item number for analysis.

54 Results
5.4.1 Physical Activity

5.4.1.1 School day MVPA levels

Twenty randomly selected students in each participating class (5 intervention (I) and 5
control (C) classes) wore accelerometers in order to measure PA. PA data was therefore
collected from 100 students in the intervention group (52 boys, 48 girls) and 100 children
in the control group (49 boys, 51 girls). A total of 186 students (91 control, 95
intervention) met accelerometer wear time requirements for whole school day across the
three time periods and were included in the PA data analysis. Results of the weighted
analysis found no significant interaction between treatment and time for change in school
day MVPA levels from baseline to post-intervention (p = .062) and no statistically
significant difference between the groups (p = .52). Effect size (ES) calculations using
Cohen’s d (Cohen 1988) index indicate a medium ES for change between the groups from

baseline to post-intervention (d = .77). Baseline to follow-up results found a statistically
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significant interaction between treatment and time indicating that the control and
intervention groups were having a significantly different effect over time (p = .006) for
change in school day MVPA levels. Differences between the treatments were not found
to be statistically significant (p = .09), however a large ES emerged for change between
the groups from baseline to follow-up (d = .92). MVPA levels of the intervention group
increased by 2.4 + 7.1 mins while the control group decreased by -3.9 + 7.4 mins
indicating a mean difference of 6.3 + 1.05 mins. A significant interaction was identified
between treatment and BMI category (p = .023) as well as gender and BMI category (p =
.007). MVPA levels of children in the obese category at baseline increased over time
while all other categories remained the same or decreased. Significant differences were
also identified for change in MVPA accumulated by boys and girls over time depending
on their treatment (baseline to week 8: Boys: [=1.5+6.0,C=-1.8 £6.7; Girls: I = 1.5
+4.5;C=-4.6 £5.9; week 8 to 4 months: Boys: [=.4+3.6,C=-.21+£6.9,Girls: =14
+3.6;C=-12+6.2,p<.05). A large ES was found between girls in the intervention
and control groups from baseline to week 8 (d = 1.2) and baseline to follow-up (d = 1.51).
Table 5.2 outlines mean time in minutes and percentage time daily each treatment group
spent in sedentary, light and moderate-to-vigorous PA during the school day over the

three measurement periods.

5.4.1.2 Class time MVPA levels
Results illustrate a significant difference for change in daily class time MVPA levels

accumulated over the 3 time points (p = 0.029) and also significant differences between
treatment groups (p < 0.001). The average measure for the intervention group was
significantly higher than the control group (see Table 5.3). Results show changes of 1.6
+ 3.8 mins for the intervention group and -1.9 + 4.2 mins for the control group from
baseline to week 8 (mean difference: -3.5 + .57 mins, p < .001) and these results were
maintained at 4 months follow-up (I: 1.6 4.2 mins, C: -2.7 + 4.8 mins, mean difference:
4.3 £ .66 mins, p <.001). Large effect sizes were found between the groups from baseline
to week 8 and baseline to follow-up (d = 1.03; d = .96). A significant interaction was
found between BMI categories and treatment (p = 0.024) with MVPA levels of children
in obese & underweight categories increasing over time. A significant difference also
emerged for effects on gender, over time, dependent on the treatment group (p < .05).
Boys and girls in the intervention group experienced greater increases in MVPA levels
during the intervention than their counterparts in the control group (baseline to week 8:

Boys: 1=14+4.5,C=-14+4.6;Girls: 1=1.7+2.7; C=-2.5£3.7; week 8 to 4 months:
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Boys: [=-6+4.7,C=-5%24.8,Girls: [ =.7 £ 3.7, C=-1.0 £ 4.9). However, girls in the
intervention group experienced greater effects of the intervention than boys in
comparison to their counter parts in the control group at week 8 (boys: d = 0.85, girls: d
= 1.38) and at 4 months follow-up (boys: d = 0.63, girls: d = 1.42). Table 5.3 outlines
mean time in minutes and percentage time daily each group spent in sedentary, light, and

moderate-to-vigorous PA during class time over the three measurement periods.
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5.4.2 Teacher Perceptions
Three male and 2 female teachers aged 25-35 years completed the questionnaire. Teachers

rated the programme an overall mean of 4.3 + 0.36 on a 5-point scale for ease of
implementation and sustainability. They indicated that the programme improved their
teaching of literacy and numeracy by rating the programme an average of 4.2 + 0.83 for
its contribution towards enhancing their teaching of literacy and 4 + 1.0 for improvements
in their teaching of numeracy lessons in the classroom. The teachers also rated the
programme highly with regard to student learning (mean = 4.2 + 0.84 for student learning
in both literacy and numeracy). Teachers were highly satisfied with the programme with
both their own and their students’ enjoyment receiving an average rating of 4.6 £ 0.55
each. Teachers rated numeracy lessons (mean = 4 + 0.7) as slightly easier to implement
than literacy lessons (mean = 3.8 + 0.84) however, they indicated that they are equally as
likely to continue teaching both in the future (literacy mean = 4.2 + 0.44, numeracy mean
=4.2 £ 0.44). The teachers also indicated that their students were highly active during the

lessons (literacy mean = 4.8 + 0.44, numeracy mean = 5 + 0).

5.5  Discussion
The ‘Active Classrooms’ study sought to change teacher behavior towards teaching

English and Mathematics lessons using physically active teaching methods in order to
improve PA levels of primary school children without interrupting academic teaching
time. The intervention produced positive results for improvements in MVPA. Results

were sustained at four months post-intervention.

The ‘Active Classrooms’ programme was designed based on the Behavior Change Wheel
(BCW) framework (Michie et al. 2011) which emphasizes that for behavior change to
occur it is essential to evaluate the capabilities, opportunities and motivations (COM-B)
of classroom teachers to use PA as an instructional strategy and then facilitate them with
solutions to the barriers which prevent the desired behavior from being carried out
(Michie et al. 2011). This framework has been successfully applied to a range of health-
related behaviors such as hearing aid use (Barker et al. 2016), medication adherence
(Jackson et al. 2014) and attentive eating (Robinson et al. 2013). Giving such adequate
consideration to the development, piloting and practical implementation issues in advance
of the main evaluation of an intervention has been highly recommended by the Medical
Research Council (Craig ef al. 2008). Understanding and applying these factors through
the BCW framework (Michie ef al. 2011) in the current study resulted in the development

of a meaningful and effective intervention which improved students’ PA levels.
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The BCW identified specific intervention functions that would address the areas of need
which were identified in the existing literature. For example, in order to overcome the
shortcomings we identified in psychological capability (Martin and Murtagh 2015a) the
BCW recommends the use of education and training. Incorporation of a workshop for
teachers gave them the skills, knowledge and autonomy required to implement active
lessons in the classroom. As noted in many previous studies (DuBose et al. 2008,
McMullen et al. 2014, Riley et al. 2015, Benes et al. 2016) the importance of teacher
training on the implementation of such programmes cannot be overlooked. Emphasis was
placed on the potential to integrate movement into their existing academic lessons by
substituting inactive teaching methods for active ones. This is an important element
contributing to the successful implementation of the ‘Active Classrooms’ programme
since teachers’ perceptions of active lessons as additional or stand-alone lessons have
previously been acknowledged as impediments to their compliance with such

programmes (Cothran et al. 2010, McMullen et al. 2014).

While differences between the groups were not statistically significant, results indicate a
large intervention effect size (Cohen 1988) on students’ whole school day MVPA levels.
The large effect size in absence of a statistically significant result is a relatively common
occurrence (Alhija and Levy 2009) and may be due to small sample size (Simard and
Nielsen 2005) or large variability (Nickerson 2000). Nonetheless, the effect size noted in
the present study gives an indication of the magnitude and practical significance of the
treatment effect (Cohen 1988, Kirk 1996). Our findings lend support to previous studies
which integrate movement into academic lessons in the primary school classroom
(Donnelly et al. 2009, Riley et al. 2015, Norris et al. 2015). Donnelly et al. (2009)
reported that children in PAAC schools accumulated 12% greater school day MVPA than
children in control schools. Similarly, children participating in the EASY Minds pilot
study accumulated 8.7% more MVPA during the school day than the control group (Riley
et al. 2015). In the present ‘Active Classrooms’ study children in the intervention group
accumulated >22% greater school day MVPA than the control group. The magnitude of
improvement in school day MVPA may be influenced by whether teachers are educated
about PA intensity. Riley et al. (2016) previously commented that the lack of changes in
MVPA during their 6-week movement integration programme may have been influenced
by the fact that PA intensity was not discussed in the professional learning workshops.
The authors concluded that integrating movement without consideration for its intensity

may have been the teachers’ focus. This may also have been the case in a similar study in
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which Erwin et al. (2011b) do not refer to PA intensity during in-service training provided
to teachers. On the contrary, DuBose et al. (2008) included intensity training for teachers
in the PAAC study and similar to the ‘Active Classrooms’ study, their findings

demonstrated positive results for improvements in MVPA.

Results of the current study indicate that MVPA levels of the control group significantly
decreased from baseline to post-intervention (p < .001, t =4.792, df = 95). This decrease
may be due to weather and seasonal change since PA data were collected during different
seasons (autumn/winter/spring). A review evaluating the effects of seasons and weather
on PA, reports that adverse weather conditions associated with winter are significant
barriers to engaging in PA particularly among children (Tucker and Gilliland 2007). Post-
intervention and follow-up data for the current study were gathered during the country’s
coldest and wettest months of the year (MET Eireann 2016). The increase in MVPA levels
identified in the intervention group, despite being exposed to similar seasonal and weather
conditions as the control group, highlights the benefit of integrating movement into the
classroom. Movement integration interventions provide children with opportunities to be

physically active indoors regardless of weather conditions.

A unique design component of the Active Classrooms study was that alongside school
day MVPA we also reported MVPA accumulated in class-time periods only (i.e. minutes
in MVPA throughout the school day minus break and lunch time MVPA). Our findings
that the intervention group accumulated >55% (12 minutes) of the school day’s MVPA
during class time is an important consideration. While teachers were asked to integrate
movement into daily Mathematics and English lesson, it is possible that they may have
adapted the lessons and used movement as an instructional strategy in other subjects
(Riley et al. 2016). Students in the intervention group achieved 39% more MVPA during
class time than the control group. This is contrary to other research which suggests that
students exposed to additional PA opportunities may restrict PA in other parts of the
school day (Fremeaux et al. 2011). However, it must be noted that although the
intervention improved MVPA accumulation, results indicate that movement integration
cannot stand alone in achieving the Institute of Medicine (IOM) recommendation of 30
minutes MVPA during school hours (Kohl and Cook 2013). Therefore, this study
substantiates the CDC (2010) recommendation that school-based interventions must
provide multiple opportunities for PA accumulation throughout the school day. This study
demonstrates that movement integration could serve as an effective classroom-based

component.
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As aresult of the ‘Active Classrooms’ study, boys and girls accumulated similar amounts
of MVPA during class time. However, the intervention had a greater effect on the MVPA
levels of girls. This may be due to girls having lower usual levels of MVPA than boys
especially during school time and therefore more scope for improvement (Fairclough et
al. 2012, Hegarty et al. 2013). Both boys and girls accumulated similar amounts of
MVPA during class time since all children present in the classroom were exposed to the
same opportunities to engage in the physical activities as they were directed to do so as
part of the teachers’ instruction of the English and Mathematics lessons. This is supported
by the results of the pilot study (Martin and Murtagh 2015b) in which both boys and girls
accumulated similar amounts of MVPA during the active lessons. It is possible however,
that as a result of participating in the programme girls increased their MVPA in other
segments of the school day illustrating that the active lessons may have served as a
catalyst for more movement (Ridgers et al. 2014). The intervention demonstrated large
effects on girls for both school day (week 8: d = 1.2, follow-up: d= 1.51) and class time
(week 8: d =1.38, follow-up: d=1.42) MVPA levels in comparison to girls in the control
group. Despite considering school time only, these findings may have noteworthy
implications since a widening inequality between boys’ and girls’ PA levels has been
identified globally with girls achieving much less time in MVPA than boys (World Health
Organization 2016). Girls have been identified as difficult to reach with biological,
psychological, social and environmental factors influencing their participation in PA
(Sallis et al. 2000). Same sex peer participation has been identified as a key factor in
engaging girls (Bailey et al. 2005), however this might not always be possible within
mixed-sex school settings. Providing girls with access to PA and opportunities to be
physically active in school with their peers have been found to be successful in improving
girls’ PA levels (Oliver et al. 2006, Webber et al. 2008). Results from the current study
demonstrate this and also support assertions that the more opportunities available to girls
to be physically active, the more active they are (Bailey et al. 2005). Therefore, this study
contributes to the literature supporting classroom-based PA interventions as structured
opportunities to improve children’s PA levels and especially benefit less active children
and girls, with the hope of improving PA for all and closing the gap between the genders
(Oliver et al. 2006, Liu et al. 2007, Belton et al. 2010, Fairclough et al. 2012, Norris et
al. 2015).

Few previous studies have evaluated the sustainability of classroom- based PA

interventions through inclusion of follow-up measures (Notris et al. 2015). An evaluation
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of the effect and sustainability of classroom PA breaks reported that increases in PA were
maintained after a 3- month period (p < .001) (Erwin et al. 2011b). Intervention effects
of the ‘Active Classrooms’ study were sustained at 4 months and this is supported by the
process evaluation reports by the teachers, in which they indicate that they would be ‘very
likely’ to continue integrating movement into academic lessons. These results are
promising in that they illustrate that teachers can and want to maintain this instructional
method therefore contributing to the long-term sustainability of the project and
consequently improvements in students’ PA levels. Many previous studies have
concluded that classroom teacher acceptability of and satisfaction with classroom-based
PA programmes are central to their success (McMullen et al. 2014, Cohen et al. 2015).
The high satisfaction expressed by teachers with the ‘Active Classrooms’ programme
may be attributed to the analysis of the desired behavior and development of the
intervention through the BCW framework (Michie er al. 2011) which ensured that
teachers were provided with a programme incorporating elements they prioritize. Such
elements include connection of the lessons to the school curriculum and enjoyable
activities for students (Cothran et al. 2010, McMullen et al. 2014). To the best of our
knowledge this is the first study of its kind which integrates the academic content of the
Irish Primary School Curriculum (NCCA 1999). Teachers reported great student
enjoyment and enhanced teaching and learning as a result of participating in the Active
Classrooms programme. Therefore, it could be suggested that the use of formative
research as a first step resulted in the development of an intervention which is effective

in improving PA levels, acceptable to teachers and sustainable.

5.6  Strengths and Limitations
A strength of this study is the use of a behavior change theory which analyzed the target

behavior and resulted in the development of an intervention which enabled teachers to
overcome the barriers, allowing them to effectively change their behavior towards
integrating movement in the classroom. Implementation of the lessons in the classroom
by classroom teachers, as opposed to trained specialists or researchers, is also an
advantage since they are the target population for such a resource and it is their beliefs,
attitudes and perceptions that influence the effectiveness and sustainability of such
interventions in primary schools (Cothran et al. 2010). The cluster RCT design,
evaluation of teacher perspectives and use of accelerometer data are also strengths of the

study.
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Despite these strengths, the generalizability of results is subject to certain limitations. For
instance, the sample population was limited to a group of schools located in Munster,
Ireland and the intervention material was focused on the Irish Primary Curriculum. A
generally small group of teachers participated in the study and observations were not
carried out to evaluate consistency between them or compliance. Compliance was self-
regulated by the teachers. A further limitation of the study is that PA measures were
gathered only during school hours therefore, the data does not provide information
regarding the students’ PA patterns outside of school. Finally, although a 4-month follow-
up was included to evaluate the sustainability of the intervention, a longer intervention

and follow-up period would more precisely indicate long term effects.

5.7 Conclusion and Future Research
This study illustrates the effectiveness of the ‘Active Classrooms’ programme in

improving the MVPA levels of primary school children during class time. It highlights
the role classroom teachers’ play in making a significant difference to their students’
MVPA levels. Teacher acceptability of classroom-based interventions is of paramount
importance if they are to be effective. By enabling the teachers to use physically active
teaching methods for academic instruction, this intervention significantly improved
MVPA levels while also ensuring teacher satisfaction. Future research could objectively
assess learning and retention of academic material as a direct outcome of engaging in the
active lessons, in comparison to traditional methods. It must also be emphasized that
physically active academic lessons are not intended to replace PE but to serve as
additional avenues for the integration of PA throughout the school day. Findings of the
current study have important implications for future policy and practice in designing and
implementing classroom-based PA interventions. Improvements in PA levels and teacher
satisfaction towards using physically active teaching methods support the concept that
pedagogies can be adapted by teachers and teacher educators to integrate short bouts of
PA as a means to improve students’ overall health. Development of future interventions
must be centered around teachers and the school curriculum; aiming to improve students’
PA levels whilst preserving educational value. Education and training should be provided
to teachers with emphasis on PA intensity and integration of movement through
substituting inactive teaching methods for active ones. Movement integration
interventions have potential to serve as one facet of wider school-based interventions to
move children towards achieving IOM (Kohl and Cook 2013) recommendations of 30-

minutes in MVPA during school hours.
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5.10 Chapter Conclusion
The article presented in the current chapter describes the effects of a teacher behavior

change intervention on the MVPA levels of their students. The design, implementation
and analysis of this study follows the trial protocol outlined in Chapter 4. It must be noted
however, that differences in PA levels between participants at baseline (as described in
section 4.13) were not evaluated due to recent evidence describing this analysis as
superfluous (de Boer et al. 2015). De Boer et al. (2015) argue that including prognostic
variables from baseline analysis may lead to the omission of important covariates which
could affect outcome results. Results of this cluster randomised controlled trial indicate
that the ‘Active Classrooms’ intervention was effective in improving students’ MVPA
levels during class time thus demonstrating that integrating movement during the school
day is an effective means of contributing to children’s health. Teachers also reported that
they were highly satisfied with the programme. However, results of the teacher
questionnaire outlined in the current study are objective ratings without verbal
descriptions or explanations of what barriers were faced or what contributed to the success
of the programme. These descriptions could provide information which would be
valuable to informing future policy and practice. Additionally, since student enjoyment
has also been highlighted in the literature as an essential element contributing to positive
outcomes, successful implementation and sustainability of classroom-based PA
programmes, student opinions should not be overlooked. These measures were included
in the design of the ‘Active Classrooms’ study (see Chapter 4) to identify, in depth,
teacher and student insights of participating in the programme and are reported in the

chapter which follows.
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Chapter 6: Teachers’ and students’ perspectives of participating in the ‘Active
Classrooms’ movement integration programme

Preamble

The following article gives a voice to the teachers and students who participated in the
‘Active Classrooms’ randomised controlled trial, reported in Chapter 5, by describing
their perceptions of participating in the programme. This article highlights the students’
enjoyment of the intervention lessons. Findings are supported by presenting raw data in
the form of quotations, illustrations and written text from the students. Teachers identified
elements which they believed contributed to the success of the intervention and links are
made between these and the intervention design outlined in Chapter 4. This article has
been peer reviewed and published in Teaching and Teacher Education, impact factor
2015: 1.823 (Thomson Reuters, Journal Citation Reports 2016). The full citation for the

article is as follows:

Martin, R. and Murtagh, E. M. (2017) ‘Teachers’ and students’ perspectives of
participating in the ‘Active Classrooms’ movement integration programme’,
Teaching and Teacher Education, 63, 218-230
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6.1 Abstract
This paper evaluates perceptions of 5 teachers and 129 students of participating in an 8-

week primary school movement integration intervention. Following training and
provision of resources, teachers were asked to teach 2 active lessons each day. Teachers
completed questionnaires at post-intervention. Students participated in ‘draw and write’
activities and focus group interviews. Teachers reported great satisfaction, noting student
enjoyment, enhanced teaching and learning, and provision of resources as contributing to
the success of the programme. Students expressed high levels of enjoyment, with
emphasis on peer-engagement, perceived health benefits and improved academic

motivation.

Keywords: draw and write, primary school, movement integration, classroom, physical

activity, behaviour change
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6.2  Introduction
To meet the needs and challenges of our ever-changing society, educational systems must

constantly evolve and develop. Movement integration - teaching curriculum content using
physically active methods - has become increasingly popular to serve as an intervention
for combatting poor PA levels among school-aged children (Norris et al. 2015, Webster
et al. 2015). PA has been linked to many health benefits for children including reduced
risk of premature morbidity from cardiovascular disease, cancer, diabetes, respiratory
disease, and obesity, as well as, contributing to higher self-esteem, positive mental health,
improved cognition and academic performance (Have et al. 2016, Hill et al. 2011, WHO
2010). However, only a minority of children and young people globally are meeting the
recommendation of 60 minutes of MVPA daily (WHO 2010). This is particularly true to
Ireland with findings that only 19% of primary children (Woods et al. 2010) meet this
public health recommendation with significant decreases observed with age (Inchley et
al. 2016). This has resulted in a growing concern around children’s inactivity levels. The
World Health Organisation (2016) devised a European PA strategy which identified
schools as key locations to implement PA interventions. However, with an already
overcrowded curriculum, core academic subjects such as literacy and numeracy are being
prioritised over PE and PA breaks (Mahar et al. 2006). In fact, schools have been
acknowledged as one of the main environments of inactive behaviour, with the sedentary
nature of lessons carried out in the classroom identified as a contributory factor to
physical inactivity among this age group (Martin and Murtagh 2015b; Holt et al. 2013).
In order to address this problem a multi-component Comprehensive School Physical
Activity Program (CSPAP) is supported by the Centers for Disease Control and
Prevention (2013) encouraging schools to provide students with multiple opportunities
for accumulating PA during the school day. One component of the programme suggests
the integration of PA into academic lessons in the classroom. This suggestion has been
supported by evidence which illustrates that integrating movement into academic lessons
has the potential to not only improve students” MVPA levels during the school day (Dunn,
et al. 2011, Goh et al. 2014, Liu et al. 2007, Riley et al. 2015), but also to enhance
facilitators of learning such as concentration, cognition, time-on-task (de Greeff et al.
2016, Mullender-Wijnsma et al. 2015), executive functions such as organisation (Have et
al. 2016) and academic achievement (Donnelly et al. 2009, Donnelly and Lambourne
2011, Norris et al. 2015, Reed et al. 2010). However, research studies have reported that

such interventions cannot be successfully implemented or sustained without teacher and
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student approval (Martin and Murtagh 2015b, Cothran et al. 2010, Dishman et al. 2005,
Hodges et al. 2015, Howie et al. 2014, McMullen et al. 2014).

Teachers influence the amount and intensity of PA their students are exposed to during
class time, therefore teachers and their attitudes play a central role in determining the
success or failure of classroom-based interventions (Martin and Murtagh 2015b, Fullan
2007). Student enjoyment has also been found to moderate and mediate the effects of PA
interventions, as well as teacher approval of such programmes (Martin and Murtagh
2015b, Howie et al. 2014, McMullen et al. 2014). Increased enjoyment of active lessons
has led to increased engagement in the lessons and increased PA levels (Dishman et al.
2005). In evaluations of teacher perceptions of classroom-based PA programmes teachers
have emphasised the importance of student ‘buy-in’ if such programmes are to be
successfully implemented (Benes et al. 2016, Hodges et al. 2015). In addition, students’
PA self-efficacy has been identified as a factor which determines their participation in PA
(Trost et al. 2001). Enjoyment has been acknowledged as the primary mediator of this
self-efficacy (Lubans et al. 2008, van Stralen et al. 2011). Therefore, teacher attitudes
and student enjoyment should be key components in the evaluation of classroom based
programmes. While few previous studies which integrate movement into academic
content have considered teacher and student perceptions, existing findings are promising.
Teacher interviews, student questionnaires and focus groups revealed that both teachers
and students reported positive attitudes towards the Active Science Curriculum in which
PA data were gathered and used in science lessons (Finn and Mclnnis 2014). PA was
integrated into mathematics in the EASY Minds study (Riley et al. 2015) and results
indicated high satisfaction and enjoyment of the programme. Such positive teacher and
student attitudes towards classroom based programmes contribute towards their success

in improving student PA levels.

The ‘Active Classrooms’ programme was developed to improve the MVPA levels of
primary school students during class time and throughout the entire school day. This
programme sought to change the behaviour of teachers towards teaching academic
content of English and Mathematics lessons using physically active pedagogies. The
Behaviour Change Wheel (BCW) framework (Michie et al. 2011) was used in the
development of the programme. This involved the identification and evaluation of
potential barriers, and outlining of intervention content and implementation options in
order to assist teachers in overcoming these barriers to change their behaviour towards
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teaching using physically active methods (Martin and Murtagh 2015a). Preliminary
findings of the ‘Active Classrooms’ study reveal that students accumulated eight minutes
of MVPA daily during the intervention lessons (Martin and Murtagh 2015b). Given the
aforementioned need to evaluate teacher and students’ experiences of any classroom-
based programme, this paper intends to give students a voice by evaluating their

enjoyment and exploring teacher insights of their experiences of the programme.

6.3 Methods

6.3.1 Study Design
The ‘Active Classrooms’ cluster randomised controlled trial is an 8- week intervention

programme which was designed to evaluate the effects of movement integration lessons
on the MVPA levels of primary school children, during class time and throughout the
entire school day. The effects of the intervention on students’ MVPA levels are reported
in Martin and Murtagh (2017). The current paper reports teacher and student perceptions
of participating in the programme. Design conduct and reporting of these qualitative
aspects of the study adheres to the Consolidated Criteria for Reporting Qualitative
Research (COREQ) (Tong et al. 2007). Further details of the study design are outlined in
the study’s protocol paper (Martin and Murtagh 2015a) and findings of the pilot study
have been previously reported (Martin and Murtagh 2015b). The ‘Active Classrooms’
trial is registered with an International Standard Randomized Controlled Trial Number

(ISRCTN14265493).

6.3.2 Recruitment and Study Participants
Ethical approval was granted by the Mary Immaculate College Research Ethics

Committee, Limerick, Ireland. Using the Department of Education and Skills database,
31 primary schools were identified as meeting the study’s eligibility criteria which
include situation within a 20-km radius of the university, co-educational and having a
minimum of 20 students per class to meet sample size requirements (180 students)
(Martin and Murtagh 2015a). The order in which schools were invited to participate was
determined by a random number generation function in Microsoft Excel. To recruit the
target number of 10 schools, invitations were sent to 21 schools. Time and space
restraints, and/or participation in other programmes prevented 7 schools from
participating and despite follow-up contact being made, 4 schools failed to respond to the
invitation. Ten schools agreed to participate. One classroom teacher in 3- 5% class from
each participating school and his/her students (aged 8-12 years) were invited to participate

in the study. The researcher met with the principal and participating teacher to outline the
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requirements of the study. After baseline data collection at Week 0, schools were
randomly allocated into a delayed treatment control or ‘Active Classrooms’ intervention
group at a ratio of 1:1. All participating students and teachers in the intervention group

were eligible to participate in the programme evaluation elements.

6.3.3 Participants
Teachers of 3% 5™ class (children aged 8 — 12 years) in each school were invited to

participate. Consent forms were completed by all participating principals and classroom
teachers prior to obtaining parental consent and assent from students in each participating
class. All students in classes randomised to the intervention group took part in movement
integration lessons each day over the 8-week period since they were part of the teacher’s
instruction; however, feedback on their perceptions of the programme was only obtained
from those who granted consent and assent (n = 129). All students in control classes
received regular instruction and did not complete evaluations post-intervention. All
teachers (n = 5) in the intervention group who returned signed consent forms, taught
English and Maths lessons using physically active methods and completed open ended

evaluation questionnaires.

6.3.4 Intervention
‘Active Classrooms’ is an 8-week PA intervention programme designed based on the

Behaviour Change Wheel framework (Michie er al. 2011). Details on the use of this
behaviour change theory and its application in the design of the ‘Active Classrooms’
study have been published previously (Martin and Murtagh 2015a). Through inclusion of
a 1-hour workshop the programme intended to educate and train teachers to assist them
in changing their behaviour towards integrating physically active teaching methods into
academic subjects in the classroom. Details on the training content have been published
previously (Martin and Murtagh 2015a). This workshop included self-reflection by the
teachers to identify barriers to performing the behaviour (time, space, resources etc.). To
help overcome these barriers teachers in the intervention group then received 40 lesson
ideas, teaching resources and reminders to implement the lessons. They were encouraged
to set targets and had assistance with planning to teach using movement integration
(Martin and Murtagh 2015a). The lesson ideas that were provided to teachers (20 English
and 20 Mathematics) were linked to specific strands and strand units of the English and
Mathematics Primary School Curriculum in Ireland (NCCA 1999) and intended to

complement the teaching of specific content within these subjects by engaging students
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in physical activities during the lessons. They were designed to last a minimum of 10
minutes but could be extended and adapted to fit with the teachers’ schedules and
curricular planning. Teachers were asked to integrate at least one active English lesson
and one active Mathematics lesson daily. They were also requested to maintain a daily
record log indicating when and what intervention lessons they taught. This log served as
a self-monitoring tool for teachers to perform the behaviour and an evaluation of their
fidelity to the programme. Teachers in the delayed-treatment control group did not receive
any training, resources or information regarding the active lessons during the study and
were requested to continue teaching English and Mathematics lessons as normal

throughout the 8-week period.

64 Data Collection Procedures and Measures

6.4.1 Student Enjoyment
Deemed essential for the effectiveness of PA interventions with children (Howie et al.

2014, McMullen et al. 2014), student enjoyment of the Active Classrooms programme
was evaluated. Drawing provides an alternative means of meaningful expression for
young people (Thomson 2009) and it provides researchers with insights into their
experiences, opinions, opportunities and barriers to PA (Azzarito 2016). The draw and
write technique combined with focus group discussions have been regarded as
developmentally appropriate strategies to use with primary school aged children
(Knowles et al. 2013, Te One 2007) and were adopted in this study to evaluate their
experiences of the programme. Children’s explanations of their drawings through verbal
and written text allow their images to be adequately contextualised and interpreted by the
researcher (Christensen et al. 2008, Veale 2005). Although the ‘draw and write technique’
has been used previously in health and education based research to evaluate children’s
perceptions of PE (Koekoek et al. 2009), sport education (MacPhail er al. 2003), recess
interventions (Knowles et al. 2013), and exercise and sport in general (Burrows et al.
1999), it is a technique which has not been frequently used to evaluate the attitudes of
students towards classroom-based PA interventions. The ‘draw and write technique’
allows students to convey elements of the programme which are prominent and important
in their minds, and illustrate experiences which they may not otherwise be able to
verbalise effectively (Pridmore et al. 1995). The students’ pictures and words are
presented verbatim eliminating researcher interpretation therefore, contributing to the

uniqueness of this study.
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All children completed the draw and write task at baseline prior to allocation into
intervention and control groups. To standardise the task teachers were provided with
worksheets and a script of instructions. Teachers were asked to instruct the children in
English to ‘draw a picture of themselves in an English lesson and in a Maths lesson and
to write a description of each one.” These instructions were also printed on the children’s
worksheets (See Appendix O). Upon completion of the 8—week Active Classrooms
programme students in the intervention group were asked to repeat this task. The week
following the intervention a randomly selected subsample of 4 students from each class
in the intervention group were invited to participate in focus group discussions with the
researcher. The female researcher was familiar to the children as she had previously
visited the classroom. Focus groups were held with each sub-group of children in vacant
classrooms, in their own schools, with only the researcher and participants present.
Classroom doors were left ajar allowing the focus groups to be visible to the classroom
teacher/ principal or other staff members throughout. Discussion questions were framed
around the children’s experiences, drawings and written texts. The focal questions were
adapted from the EASY Minds study (Riley et al. 2014) and have been outlined
previously in the Active Classrooms pilot study (Martin and Murtagh 2015b). The main
questions focused on eliciting descriptions of the children’s experiences of their previous
English and Maths lessons and the active lessons. They were asked if they enjoyed their
previous lessons and the active lessons and if so to explain specifically what they enjoyed
about them. They were asked if the active lessons helped them learn and if being active
made the lessons more interesting/exciting. The children were also asked additional
questions specific to their drawings such as, ‘can you explain what is happening in this
picture?’ and ‘can you tell me who these people with you are?” Each focus group
discussion was recorded and later transcribed by the researcher. These techniques were

piloted and results previously published (Martin and Murtagh 2015b).

6.4.2 Teacher perceptions
Teachers were asked to complete a questionnaire consisting of open ended questions

adapted from the ToyBox study (Androutsos et al. 2014) which addressed areas such as:
teacher and student enjoyment, teaching and learning, factors which supported or
inhibited the implementation of the intervention, difficulties or challenges they faced,
their perceptions on the effectiveness and sustainability of the programme and their
suggestions on how to the programme could be improved. A sample of questionnaire

items are outlined in Appendix P.
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6.5  Data Analysis
The analysis of qualitative data gathered through focus group discussions, drawings and

written texts was guided by the phases of thematic analysis as outlined by Braun and
Clarke (2006). This process of thematic analysis is not linear but recursive with
movement forwards and backwards throughout the phases particularly as themes are
identified, reviewed, defined and refined to ensure that each theme and all of the themes
in combination accurately represent the data set (Braun and Clarke 2006). The six steps
applied in the thematic analysis were: 1. Familiarisation with the data, 2. Generation of
initial codes, 3. Search for themes, 4. Review of themes, 5. Definition and naming of

themes and 6. Production of the report. Further details are outlined in Figure 6.4.

The primary researcher immersed herself in the data through transcribing the focus group
and written data verbatim (Smith ef al. 2009), reading and re-reading the transcripts and
taking notes of initial ideas. A reflective diary was maintained enabling the researcher to
acknowledge her impact on data analysis (Fade and Swift, 2011). This reflective diary
allowed decisions and changes of direction and emphasis to be tracked. Interesting
features of the data were coded in a systematic fashion across the entire data set and
coding ceased when it no longer added anything substantial to the overall analysis (Braun
and Clarke 2006). Data relevant to each code from both the student interviews and written
statements were collated. Themes and sub-themes were then created using tables in
Microsoft Excel 2010 to assist with data management. The themes are strongly linked to
the data and were identified using the inductive approach (Patton 1990). Each theme was
considered individually and in relation to the other themes generated. Thematic
‘networks’ of the analysis are presented graphically in Figure 6.1 below under the
guidance outlined by Attride-Stirling (2001). Latent themes identifying underlying ideas,
assumptions and conceptualisations that shape the content of the data were examined and
arich description of the data set is outlined in the results section below. Where opposing

cases existed they were documented and compared against the data and existing literature.

Teacher satisfaction and sustainability of the programme were evaluated using open-
ended questionnaire items. Responses to these qualitative questions were coded and
themed using the process outlined above. Direct quotations are reported in the results to

illustrate emergent themes.
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6.6 Results

6.6.1 Participants
All participating classroom teachers in each of the five primary schools (1 per school)

randomly allocated to the intervention group, participated in the evaluation of the ‘Active
Classrooms’ programme. This group consisted of 3 male and 2 female Irish Caucasian
teachers ranging in age from 25-35 years. All 5 teachers in the intervention group
returned completed teacher evaluations. One hundred and thirty one students in the
intervention group (69 boys, 62 girls) returned signed consent and assent forms to
participate. The average age of the students was 8.9 years (£ .95). The ethnicity of
participating students was as follows: Irish 91.5%, UK 0.9%, other European 4.8%, Asian
1.3%, US/Canadian 0.7%, African 0.5%, Australian 0.1%, Latino 0.1% and other 0.2%.
One hundred and twenty nine students (69 boys, 60 girls) completed the write and draw
task post-intervention. Twenty students (4 per class, 9 boys and 11 girls) participated in

focus group discussions.

6.6.2 Student Perspectives
All children participating in the study completed the draw and write task at baseline.

Similar data were presented by students in the control and intervention groups with the
majority of students drawing images of themselves seated at their desks while completing
written work in books or copybooks. Their written descriptions mention words such as
“sitting down”, “boring”, “reading”, “writing” and “doing sums” (see Figure 6.3 [image
a & b, both female students]). A small number of students wrote that they “liked” or
“enjoyed” aspects of their English and Mathematics lessons and some stated that the
content of their English lessons was “fun” or “interesting” or that they were “good” at a
particular topic in Mathematics (see Figure 6.3 [image c, male student]) and see Figure
6.2 [image b, female student]). Few of the baseline drawings illustrate engagement or
interaction with their peers (see Figures 6.2 and 6.3 [images a, b and c]). This perspective
of English and Mathematics lessons changed at post intervention with students in the
intervention group predominantly presenting themselves happily engaging in some form
of PA with their peers while learning (see Figure 6.3). The students’ illustrations
presented in Figure 6.2 and Figure 6.3 clearly depict this change in students’ attitudes
towards English and Mathematics lessons from baseline to post-intervention. It is evident
through the drawings that enjoyment for the students extended beyond satisfaction with
the content of the lessons as identified at baseline to delight with the way in which the
content was taught through active methods (see Figure 6.2 [image e, female student]).

The children’s drawings provide great insight into how the movement integration lessons
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were conducted and managed by classroom teachers. The integration of PA and subject
content is clearly evident in most illustrations (see Figure 6.2 [images h and I, both female
students] and Figure 6.3 [image h, male student]). Images of the children playing in
groups (Figure 6.2 [images e and h, both female students]), exercising on the floor (Figure
6.3 [image d, female student]), instructions written on the white board and classroom
furniture moved to the side/background are clear portrayals of the teachers’ classroom
management and planning (see Figure 6.2 [images h and I, both female students] and
Figure 6.3 [image h, male student]). These images provide rich data of the students’

experiences of the programme which extends far beyond written or verbal description.

Data from the five student focus group discussions (n = 20, 9 boys and 11 girls) and the
draw and write tasks completed by 129 students (69 boys, 60 girls) in intervention classes
were combined and analysed using the thematic analysis process outlined above to
evaluate student perceptions of the programme post-intervention. Focus group interviews
ranged in duration from 15 to 30 minutes. Feedback was obtained from the participants
by checking back (Greene and Hogan 2005) with them during discussions to ensure that
their opinions and intentions were accurately presented. One researcher coded and
analysed the data. Themes which emerged were 1. a sense of change from previous
lessons, 2. enjoyment, 3. enhanced learning, 4. feeling energised and healthy and 5. social
interaction. Connections between each of these themes were very clear throughout the
data. For example, the students expressed that enhanced learning was a result of
enjoyment experienced through the lessons, socially interacting with their peers, engaging
in PA, as well as being interested and excited about the lessons. Similarly, student
enjoyment was a result of peer social interaction, variety in the lessons, and engagement
in PA. Therefore, although these themes will be discussed individually in detail below,
they don’t completely stand-alone but interconnect with one another. Figure 6.1 illustrates

the interconnectivity between the themes.

1. A sense of change from previous lessons: Students expressed how they used to “just
sit down” and do their Maths and English but that “we don't sit to do our English
anymore. We are up out of our seats doing activities like push ups...” (student 1,
male). Another child expressed how “I think English lessons have got way better
because there is more exercise in them!” and “The maths lessons really improved”
(student 2, female). Many of the students agreed that “we used to sit down and do
sums and writing in our copies” (student 3, male) and that “lessons before Active
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Classrooms...were boring” (student 4, male), “...hard ... and long” (student 5,
female).

Enjoyment: A recurrent theme amongst the students was a sense of enjoyment of the
Active Classrooms’ lessons. Some students expressed enjoyment of the lessons and
engaging in PA making statements such as “I like doing active classrooms. I like
everything about it, the jumping jacks, running on the spot, everything” (student 6,
male) and “we started having way more fun because of all the exercise” (student 7,
female). Others expressed how their enjoyment of the lessons motivated them to learn
“it made you want to do more English because you were doing the exercises. It made
it fun ... so the next day when you go in to school your like “oh yes!, English time”,
we get to do the activities” (student 8, female). Many children experienced enjoyment
from the variety and novelty the lessons presented. A student commented that the
group were ‘“happy and excited for the next lesson to see what we would be
doing...next. We really enjoyed it” (student 9, male). Others acknowledged the
enjoyment experienced while learning. ““You were learning but it was fun. It was a
fun way to learn it” (student 10, female). Another group of students agreed that
“nearly everyone in the class loved the English lessons” and “...lots of people liked
the maths because it is still fun to do the sum and then do the exercise” (students 11-
13, female, male, male). This was echoed in several discussions and written texts with
students writing “we love doing the English lessons” (student 14, male) and “I loved
every exercise in Maths, especially 'the ball game'. I'd say my whole class favoured
that one because it's fun even when you have to do 9 squat jumps. I enjoyed ...these
8 weeks of exercises” (student 15, female). Enjoyment of the lessons is clearly
depicted throughout the drawings with big smiles drawn on students’ faces (see Figure
6.2).

Enhanced learning: The participants on the whole expressed how the active lessons
contributed to their learning with comments such as “I really liked doing these maths.
They were so fun. It really helped me improve on my maths” (student 16, male) and
“...you learn it quickly when you’re being active” (student 10, female). They found
that “when you’re being active your brain is doing one thing and its already active
and getting the signals better than it would be if you were just sitting down writing
with a pencil” (student 12, male) and “your brain responds a bit more and it’s a lot
easier to do your sums” (student 17, male). Others commented on how the lessons
helped them focus “...it made you concentrate more on your work and definitely in

maths too because it made you think more about your tables” (student 8, female),
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“you really had to think about the answers because you had to do an activity to go
with it” (student 9, male). Other students emphasised the enjoyment experienced and
the learning that occurred as a result with statements such as “it helps us learn in a fun
way” (student 17, male), “it made it easier for us to learn our maths because we were
having fun” (student 9, male), “you were learning but it was fun. It was a fun way to
learn it” (student 12, male). An interesting perspective arose from one of the focus
groups (student 10, female) in which a student stated that “they [the lessons] were
trying to trick kids into learning Maths because some of them were so fun” and
another agreed that “ya some of them were half fun and half maths and you don’t
really know it but they’re actually teaching you more than you will know” (student
14, male). Others commented on how the active lessons motivated them to learn “it
made us like maths more because now we like doing them and we get our maths done
quicker” (student 18, male), “It’s not that fun when you’re looking at a blank page
and everyone is so bored so they try not to do it. But when you’re exercising you want
to finish because you’re learning it in a fun way” (student 19, female) and “it made
our lessons more interesting” (student 20, female). One student made a
recommendation to further develop the programme saying “I thought it was a really
good idea to start the exercises mixture with Maths and English and if you made easier
ones the little children would really enjoy it because it’s actually helping them learn
and they would find it really fun with the activities and stuff” (student 16, male).

Feeling energised and healthy: Many of the students recognised the health benefits of
the active lessons. Students made comments such as “I love doing Maths and exercise
together. It's good for your brain and body” (student 21, male [see Figure 6.3, image
e]), “we were getting exercise and that was the best thing about it” (student 7, female).
They identified that “it’s really good to keep fit” (student 8, female), and that by being
active in the lessons “you get much better exercise and fitter” (student 9, male). They
associated being active in the lessons with enjoyment and felt that they were
exercising without even realising it. One participant said “my favourite exercise is the
ball game because it’s really fun and it doesn't really feel like your exercising”
(student 22, female [see Figure 6.3, image f]). Regarding the same ball game another
student wrote “this is my favourite lesson of all time. It helped me to do lots of
exercise. I like this game” (student 23, male). The students also reported that they felt
energised after the active lessons. Two students in different focus groups commented
on how the active lessons benefitted their playtime and the other children in their

groups joined in in agreement. One student stated “now after the active classrooms
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it’s [playtime] a lot better because your legs are already warmed up, your muscles and
stuff [are warm] and you can run properly” (student 10, female). Others felt that they
“...had energy after the exercises” (student 1, 3 and 18, all male) and that “it made
you feel like you wanted to do it again” (students 1 and 3, both male). Many students
also expressed that they were “tired” and “thirsty” (students 2, 5, 11, 14, 19 and 20,
male and female) after the active lessons but one student clarified that “it was in a
good way like we had done exercise and my heart was pumping really fast” (student
2, female). Overall the students claimed that they “love to do all of the exercises” and
that they found “the games very fun!!!” (student 24, female [see Figure 6.2, image
d).

Social interaction and influence: Many students drew images of themselves in the
lessons with their peers and many of them commented on the interaction with them
(see Figure 6.2 [image e and h, both female]). They reported how engaging with their
friends added enjoyment to the learning and exercise experiences presented through
the active lessons. Students made the following statements: “In maths it's fun because
we do some group work and I love to do it with my friends” (student 25, female), “Me
and my friends love doing jumping jacks” (student 26, female), “I drew a picture of
me and my best friend Claire doing jumping jacks” (student 27, female [see Figure
6.2, image i]). “I am doing jumping jacks with my class. It is very fun” (student 28,
male), “Here the class are pretending to canoe...all of us are having fun” (student 29,
female [see Figure 6.2, image e]) and “I had so much fun with my friends” (student
30, female). Further to this, another group of students explained how they took it upon
themselves to extend the activities to the playground, including other groups of
students who were not participants in this study. The students said that “sometimes
we did the activities ourselves out in the playground and other children from other

classes would join in and it made break time even more fun” (student 4, male).

Overall the students reported very positive attitudes towards the programme with one

group concluding that “all we can say is we’re happy and want to keep on going and

maybe even add an Irish one” (student 13, male).

6.6.3 Teacher Satisfaction
Four themes emerged from the data provided by teachers in their responses to the open-

ended questions. These include 1. academic benefits, 2. sustainability of the programme,
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3. student enjoyment and 4. difficulties/challenges faced. Each of these will be explored

in the following paragraphs.

1.

Academic benefits: Improved teaching: Teachers expanded on their satisfaction with
the ‘Active Classrooms’ programme explaining that they were pleased with how the
lessons improved their teaching by adding variety and providing them with new ideas
for integrating PA into academic lessons. One teacher stated that “I find that it is a
great way to break up the maths lesson...” (Teacher 1, male) and another stated that
“...the Active Classrooms gave me great ideas for various strands [of the curriculum]”
(Teacher 2, male).

Enhanced learning: The teachers also appraised the programme highly with regard to
student learning and facilitators of learning such as time-on-task and concentration.
One teacher explained how the ‘“children were learning without even knowing. Tables
can be boring for them but they loved the games” (Teacher 3, female). Other teachers
also agreed that “children take in more information when they are active as their
concentration levels rise” and that active lessons “help to keep the children motivated”
(Teacher 1, male). Another also stated that the students were “more focused for the
rest of the day” (Teacher 4, male).

Reinforced curricular content: Teachers found that the lessons were useful to
supplement and reinforce what they were covering in class stating that “there were
great ways to practice our tables in fun ways” (Teacher 3, female), “it is a great way
to revise over topics previously learned e.g. grammar” (Teacher 1, male) and “I liked

to use the lessons to supplement the topics we were covering” (Teacher 5, female).
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2. Sustainability of the programme: Teachers highlighted their satisfaction with the
programme and their intentions to continue using it, making statements such as “...it
is an excellent programme and one which I will continue to use throughout the year”
(Teacher 1, male) and “I will include PA as part of maths regularly” (Teacher 2, male).
Approval of the lessons and resources provided: Teachers indicated their favourite
lessons with the following statements: “I really liked some of the oral language
lessons” (Teacher 5, female), “I loved the fun activities for Maths” (Teacher 3,
female). Teachers expanded further on their approval with the format, content,
adaptability and application of the programme stating that the “activities are easy to
differentiate for classes/groups (Teacher 5, female) and that they “will certainly use
the format of the lessons and apply them to other stories etc.” (Teacher 2, male). They
found that the lessons were “very well laid out and easy” to “follow” and “implement”
(Teacher 1, 2 and 5). One teacher stated that the lessons were “perfectly pitched” to
the class level (Teacher 2, male). Teachers were impressed with the provision of
plentiful resources stating that there were “very good supplies” and “ample lessons to
choose from” (Teacher 5, female) and that the “resource cards etc. made teaching
lessons quite easy” (Teacher 2, male).

3. Student enjoyment: The teachers acknowledged their students’ enjoyment of the
programme highlighting that the children “loved” (Teacher 3, female) and “enjoyed
the lessons” (Teacher 4, male) and that they “really looked forward to the various
activities” (Teacher 1, male). Some teachers specified which lessons the children
favoured mentioning that “the children loved the spelling lessons” (Teacher 5, female)
and “creative writing lessons” (Teacher 3, female). They also found that students were
highly active during the lessons with Teacher 5 (female) stating that “the children
really enjoyed it and they were much more active”.

4. Difficulties/ challenges faced: Time, space and regaining control: Although the
teachers expressed great satisfaction with the programme they also identified
difficulties they experienced. Four out of the five teachers mentioned time or space
constraints. Two teachers claimed that both time and space were issues with Teacher
5 (female) stating that “some weeks were just too busy...space was also an issue,
although we have a large room, it's a large class so we needed to move rooms for
some activities” and Teacher 3 (female) reiterating this stating “I had 2 challenges.
First was space in the classroom and second was trying to fit them in everyday”. Two
teachers claimed that time was their only challenge with statements such as “The only

problem I faced was time constraints” (Teacher 1, male) and “the time needed for
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English lessons posed a challenge at times ... trying to get everything covered and
active lessons was a challenge” (Teacher 2, male). One teacher mentioned that
adapting the lesson posed a challenge maintaining that “sometimes it takes a bit of
thinking as to how to integrate/ adapt the lesson” (Teacher 2, male). Regaining
classroom control was the final challenge which emerged. One teacher suggested that

“trying to settle children after active lessons was challenging” (Teacher 4, male).

The evidence presented illustrates that overall the teachers were very satisfied that the
‘Active Classrooms’ programme enhanced their teaching and students’ learning. A
recommendation which emerged is to “maybe introduce more pair and/or group work
activities as part of the lessons” but the general feeling from the teachers was that overall
they “would change very little” (Teacher 2, male). Resources provided, adaptability of
the lesson ideas and student enjoyment were highlighted by teachers as elements

contributing to its success.

6.7  Discussion
The findings of the current study demonstrate that both teachers and students positively

perceive the Active Classrooms intervention which integrates PA into the academic
content of English and Mathematics lessons. Although not without its challenges,
teachers were highly satisfied with the programme, specifically identifying student
enjoyment, enhanced teaching and learning, improved PA levels, and provision of
resources as its main strengths. Students reiterated their enjoyment of the programme with
peer interaction, added variety, enhanced learning, and health benefits being repeatedly
identified as contributors. Many of these outcomes are synonymous with findings from
other studies which evaluated teacher and/or student perceptions of classroom based PA
programmes (Benes et al. 2016, Finn and MclInnis 2014, Hodges et al. 2015, McMullen
et al. 2014, Riley et al. 2016). Presentation of the students’ perceptions in its raw format

contributes to the uniqueness of this study.

The high level of student enjoyment reported by both teachers and students who
participated in the ‘Active Classrooms’ study is an important finding. Enjoyment has also
been linked to students’ academic motivation (Vazou et al. 2012) and student attitudes
towards participating in PA (Dishman et al. 2005). On evaluating the perceptions of two
teachers and 47 female students involved in the Active Science Curriculum, Finn and

Mclnnis (2014) reported the emphasis teachers placed on how their students ‘loved the
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activities’. This enjoyment was also highlighted by the students themselves. The authors
concluded that enjoyment experienced as a result of participating in the Active Science
Curriculum promoted positive attitudes towards using PA in the classroom and towards
exercise in general. High enjoyment levels and positive attitudes towards participating in
PA were also experienced by students in the EASY Minds study (Riley et al. 2016). Our
findings that students enjoyed the lessons in the Active Classrooms study confirms these
previous results from studies implemented in the United States and Australia
demonstrating that movement integration can enhance the experience of students in the
classroom. As student enjoyment has been mentioned throughout the literature with
respect to teacher acceptability and sustainability of such programmes (Howie ef al. 2014,

McMullen et al. 2014, Stylianou et al. 2016) it should be seen as a notable finding.

Both teachers and students in the ‘Active Classrooms’ study acknowledged that
integrating movement into English and Mathematics lessons enhanced teaching and
learning in the classroom. Teachers reiterated how the active lessons increased their
students’ engagement with academic content and made learning more interesting and
enjoyable for the children, therefore resulting in better concentration, enhanced learning
and increased academic motivation. This is supported by many of the students’
expressions of how English and Maths lessons became more “exciting” and “interesting”
with the integration of PA. Students expressed how “happy” they were with the change
and how much they enjoyed the activities. Similar findings were evident in previous
studies which evaluated teacher and/or student perceptions of such programmes (Benes
et al. 2016, Finn and Mclnnis 2014, Hodges et al. 2015, Riley et al. 2016). Both Finn
and Mclnnis (2014) and Riley et al. (2016) highlighted the positive effect the programme
had on students’ attitudes towards the academic subject which integrated movement and
Hodges et al. (2015) reported that teachers noticed positive improvements in their
students’ ability to learn. This illustrates that engaging students in physically active
academic lessons may be a vital approach in tackling student disengagement and
subsequently leading to improved academic performance (Doig 2005). Enhanced learning
is reported to be a product of students perceiving active lessons to be more interesting and
enjoyable (Martin and Murtagh 2015b, Riley et al. 2016, Vazou et al. 2012). Therefore,
despite many teachers’ beliefs that engaging students in PA in the classroom may detract
from their academic performance (Morgan and Hansen 2008), research indicates that
lessons such as the ‘Active Classrooms’ which engage children in movement can result

in greater learning outcomes. Students who participated in three years of Physical
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Activity Across the Curriculum (PAAC) achieved significantly higher scores in
standardised tests than the comparison group (Donnelly and Lambourne 2011). Similarly,
engagement in the Texas I-CAN! active lessons also produced moderate significant
benefits for students’ academic achievement (Bartholomew and Jowers 2011). These are
strong grounds for movement integration in classrooms, and since enhanced learning and
student enjoyment have a large impact on teacher acceptability of physically active
academic programmes these outcomes should continue to be considered with respect to

such interventions.

Students in our ‘Active Classrooms’ study highlighted health benefits they perceived they
were achieving from the lessons, and these health benefits were regarded as an important
element contributing towards their participation in and satisfaction with the programme.
A previous study which evaluated student perspectives of the ‘Active Science
Curriculum’ also reports similar findings (Finn and Mclnnis 2014). Other studies which
have evaluated the effect of perceived health benefits on students’ PA found that changes
in perceived health benefits are related to changes in PA (Dishman et al. 2004, Haerens
et al. 2008, Taymoori and Lubans 2008). Identification of this element by the students
themselves is a noteworthy finding since it may be a factor which contributes to their

‘buy-in’ of such classroom-based PA interventions.

An aspect which emerged through the student data which was not mentioned by teachers,
was the students’ enjoyment of engaging with their friends while participating in the
active lessons. This finding did not emerge in other studies which evaluated teacher or
student perceptions of movement integration interventions however, it was the dominant
theme emerging from a study which examined children’s views, experiences and
perceptions of recess (Knowles et al. 2013). The importance of peer interaction was also
highlighted in a study which evaluated students’ perspectives of PA promoting school
environments (Banville et al. 2016). Banville et al. (2016) found that through students
participating in common PA experiences at school, communities of practice for healthy
behaviours were established. Social interactions with their peers have been regarded as
one of the major reasons for children enjoying recess and engagement in PA (Blatchford
et al. 1990, Coulter and Woods 2011, Evans 1996, Jago et al. 2011). Through these social
interactions students are enabled to develop friendships, and social skills (Murray and
Ramstetter 2013) which have been deemed essential for their cognitive performance,
social development and adjustment to school (Pellegrini and Bohn 2005). Our finding in
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the present study illustrates the importance of peer interaction for student engagement
with programmes. The social interaction experienced by the students during the active
lessons could possibly bring about gains which extend beyond enjoyment to cognitive

functioning, socialisation and positive attitudes towards school.

The provision of lesson ideas, resources and training on how to implement active
academic lessons added to teacher acceptability of the ‘Active Classrooms’ programme.
Teachers commented on how useful it was to be provided with lesson ideas and how easy
it was to adapt and implement them since the resources were readily available. Many
researchers agree that for such interventions to be successful, training for teachers is
essential (Benes er al. 2016, Carson et al. 2014, Naylor et al. 2006, Riley et al. 2016).
However, the provision of resources to teachers has caused some debate in the literature.
In the study by Benes et al. (2016), teachers suggested that until materials along with
professional development training are provided, integrating movement would not likely
occur. Other researchers argue that providing teachers with pre-prepared lessons and
materials removes their autonomy (Riley ef al. 2016). For the present study, when
analysing teacher behaviour through the BCW framework (Michie ez al. 2011) in advance
of developing the intervention (Martin and Murtagh 2015a), it emerged that teacher
preferences for traditional instruction are partly due to the belief that active methods
require much more preparatory time, and the lack of quality teaching and learning
resources available for implementing active lessons (Niemi 2002). To overcome this
barrier both lesson ideas and resources were provided to the teachers in our study.
However, it is worth noting that the teachers mentioned that they adapted the lessons to
suit their teaching needs and the needs of their students, therefore illustrating that they
had adopted the practice and were able to apply it in other lessons. To further investigate
this issue future research could compare a movement integration programme which
provides teachers with prepared lesson materials and a programme which focuses on

teaching teachers the skills required to adapt their existing lessons.

Many previous studies which examine teacher perceptions of classroom based PA
interventions identify time, space and regaining classroom control as challenges faced by
teachers (Benes et al. 2016, Cothran et al. 2010, Stylianou et al. 2016). Each of these
were mentioned as challenges in the current study however, they did not emerge as major
issues for the teachers. A statement by one teacher in the current study that “trying to get
everything covered and active lessons was a challenge” suggests that some teachers may
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have seen the lessons as additional to their classroom work. However, it is clear from
their comments that most teachers used the lessons to “reinforce”, “revise”, “supplement”
and “practice” what they were already teaching in the classroom. This adjustment to their
behaviour may be owing to the emphasis, in the teacher training workshop, on substituting
inactive with active methods to teach their existing academic lessons. As suggested by
previous studies, the use of the teacher training session to adequately prepare them to
manage movement in the classroom (McMullen et al. 2014, Webster et al. 2015) was
incorporated into the design of the ‘Active Classrooms’ study. Although one teacher
mentioned that it was difficult to resettle the children after the lessons it was not a
prevalent problem in the current study. Finally, since classrooms in Ireland can be very
over-crowded with large class sizes and furniture, it is not surprising that two teachers in
the current study identified space as an issue. Many of the ‘Active Classrooms’ lessons
were designed to be implemented in tight spaces but, to add variety and accommodate for
larger classroom spaces, others involved more locomotor type movements and these were
most likely the lessons which teachers stated had to be carried out outside of the
classroom. Future development of the programme should consider including lesson ideas

suited to both small and medium classroom spaces.

6.8  Limitations
This study has a number of limitations that warrant attention. Firstly, although the schools

were randomly selected, teachers in the study are those who agreed to participate and may
have been positively disposed to promoting PA in the school setting. Secondly, teachers
participating in the study were aware that the primary researcher who conducted the
workshops also developed the ‘Active Classrooms’ programme and resources. This may
have influenced teacher responses. However, the use of questionnaires, rather than face-
to-face interviews, with teachers is likely to have allowed them to objectively evaluate

the programme.

6.9  Conclusions
This study illustrates that integrating movement into academic lessons was well received

by both students and teachers. ‘Active Classrooms’ has been shown to both improve PA
levels in the classroom (Martin and Murtagh 2015b, Martin and Murtagh in press) and
enhance students’ attitudes towards academic lessons and classroom PA. Students
expressed great enjoyment of participating in the programme, highlighting their

satisfaction with the activities, perceived health benefits and social interactions during the
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lessons. Teachers identified enhanced teaching and learning which occurred as a result of
student enjoyment, improved concentration and motivation to participate. They also felt
that since training, lesson ideas and teaching materials were provided, it was feasible to
integrate PA into their classrooms, subsequently improving PA levels without sacrificing
students’ academic performance. Therefore, this study demonstrates that when designing
and evaluating programmes which integrate movement into the classroom, teacher

satisfaction and student enjoyment are essential components for researchers to consider.

By integrating PA into the school setting through changes in behaviour and education the
‘Active Classrooms’ study supports public health policy at national (Department of
Health 2013) and international level (WHO 2008). This study supports the contention
that pedagogies can be modified by teachers and teacher educators to include movement
integration in the classroom as an approach to improve students’ overall health and
wellbeing. Changing teacher behaviour towards using physically active methods in
teaching academic content may be an approach to promote both health and academic
benefits for students. Training for teachers is a vital component to ensure that they are

equipped with the skills, knowledge, materials and confidence required.

Future research should directly evaluate learning and academic performance outcomes as
a result of teaching using physically active methods. Additionally, a large-scale
community-based trial should examine the effects of the programme where teacher
workshops are delivered by trained facilitators as part of a continuous professional

development service rather than solely by researchers.
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6.12 Chapter Conclusion
The article presented above clearly demonstrates that both teachers and students were

highly satisfied with the ‘Active Classrooms’ intervention. Elements of the intervention
design which they expressed satisfaction with such as teacher training, are identified. This
study provides great support to the PA results outlined in Chapter 5 as it demonstrates
that positive PA outcomes may be influenced by both teacher and student acceptability
of the programme. Further links between elements of the research design and outcomes

of the studies reported in this thesis are discussed in Chapter 7.
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Chapter 7: Discussion and Conclusions

7.1  Introduction
The purpose of this study was to design a PA intervention which integrates academic

content of the Irish Primary School English and Maths curriculum, which could be taught
by the classroom teacher during class time to improve the PA levels of their students.
This thesis is novel in that it follows Medical Research Council (MRC) (Craig et al. 2008)
guidance by giving adequate consideration to the development, piloting and practical
implementation issues in advance of the main evaluation of the intervention. Existing
literature in the field was examined through a systematic reviewing process. Gaps in the
literature were identified and an intervention was developed using a theoretical
framework. The intervention was designed based on the Behaviour Change Wheel
framework (Michie er al. 2011b). Barriers to performing the desired behaviour were
identified and an intervention which intended to incorporate solutions to these barriers
was designed. A pilot study confirmed the ability of the active lessons to evoke moderate-
to-vigorous intensity levels during class time. It also confirmed that the activities were
enjoyable for the students, sensitive to the local context and practical for the teacher to
implement. The importance of the inclusion of these elements has been emphasized by
the MRC (Craig et al. 2008) to ensure that prior to implementation, the intervention is
developed to a point where it can realistically be anticipated to have a meaningful effect.
A cluster RCT involving ~250 students demonstrated the effectiveness of the intervention

in improving MVPA levels of students.

The aims of the current chapter are to highlight and discuss the contributions of this study
to the existing knowledge base, to present the strengths and limitations of the study, and

to outline future recommendations for research and practice.

7.2 Contributions to the Knowledge Base
Schools have been identified as a primary location to implement PA interventions in order

to promote PA and improve children’s overall health (WHO 2010, WHO 2016). Results
reported in the systematic review of the literature are of relevance to policy-makers,
educational administrators, and teachers since evidence is provided for the valuable
contribution that physically active teaching methods can make to school-based health

promotion. The review revealed that physically active academic
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lessons can be effective in improving PA levels of primary school children. Potential
benefits for learning, facilitators of learning (eg. enjoyment and on-task behaviour) and
health (BMI) were also identified. It was found that few studies considered teacher and/or
student acceptance of such classroom-based programmes and the need for well-designed
and reported, high quality studies such as randomised controlled trials which adhere to

the CONSORT standards (Schulz et al. 2010) was highlighted.

Considering the limitations in the existing literature, a randomised controlled trial was
conducted to evaluate the ‘Active Classrooms’ intervention and is outlined in detail in the
protocol paper (Chapter 4). The results are presented following the CONSORT guidelines
in Chapter 5 and demonstrate that class time MVPA levels of students in the intervention
group significantly improved over time and in comparison to the control group. As
described in Chapter 6 both the teachers and the students expressed great satisfaction with
the programme. It is proposed that these positive outcomes occurred as a result of the
following elements of the ‘Active Classrooms’ intervention: 1. Effective implementation
by teachers, 2. Teacher approval of the programme, 3. Targeting class time, 4. Focus on
accumulation of MVPA and 5. Student enjoyment of the programme. These elements are

discussed in the following sections.

7.2.1 Effective implementation by teachers
It has been acknowledged that the quality of intervention implementation influences the

desired outcomes (Durlak and DuPre 2008, Meyers ef al. 2012). Implementation science
research has identified many barriers preventing evidence-based interventions from being
effectively translated into common practice (Durlak and DuPre 2008). Among these
barriers are failure to consider context, communities and needs and behaviours of
individuals who deliver the interventions (Michie ef al. 2011a, Meyers et al. 2012). The
No Child Left Behind (NCLB) Education Act in the US is a prime example of a
programme which proved to be scientifically effective in improving literacy and
numeracy however, its “one-size-fits-all” approach towards educating all students across
the US without regard for individual circumstances, needs, local setting or context has
caused widespread educational failure (Brigham et al. 2004, Apple 2007, Strauss et al.
2012). The WHO (Peters et al. 2014) emphasises the importance of context-specific and
evidence-informed decision-making if theory is to transfer effectively to real-world
practice. Providing teachers in the current study with lesson ideas which were designed

with consideration for implementation in the Irish primary school classroom context, and
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giving teachers autonomy to adapt the lessons to suit their needs, enabled the intervention

to be implemented effectively.

Prior to designing the ‘Active Classrooms’ intervention, an evaluation of the literature
was carried out to identify pre-existing barriers to implementing movement integration
interventions in the classroom context. Lack of consideration for the needs of key-
stakeholders involved in the implementation of such programmes was identified as a key
barrier (see Chapter 4). This assessment of the needs and resources required by the
implementers in the host setting, as well as collaboration and negotiation between all key
stakeholders in the developmental phases, effective pre-implementation training for the
implementers, ongoing monitoring and support and self-reflection by the implementers
to inform future practice, have been emphasised in the Quality Implementation
Framework (QIF) (Meyers et al. 2012) as critical steps and actions believed to constitute
quality implementation. As quality implementation involves behaviour change on behalf
of the implementer, behaviour change interventions are key to effective implementation
(Michie et al. 2011b). The BCW framework (Michie ef al. 2011b) applied in the current
study outlines a systematic approach to designing behaviour change interventions, which
links the science of behaviour change to practical and contextualised factors. Emphasis
on analysing and understanding the behaviour to be changed in relation to context as the
basis for designing the intervention, resulted in the incorporation of the quality
implementation steps outlined above in addressing the pre-existing barriers to movement

integration implementation (See Appendix L).

Although the ultimate goal of the ‘Active Classrooms’ study is to improve MVPA levels
of students, the programme was designed to change teacher behaviour. It has been noted
that when left to their own devices children are unlikely to achieve PA recommendations
in school (Cale and Harris 2006). Therefore, initial evaluations of the literature were
carried out to identify the primary intervention implementers who effectively address
inactivity in primary schools. While some previous PA interventions were implemented
by the research team or specialists (Sallis et al. 1997, Salmon et al. 2008), it is noted in
school-based health promotion literature that it is predominantly teachers who serve as
programme implementers (Han and Weiss 2005). Many advantages have been attributed
to this approach such as economic sustainability and longevity of the interventions
(Atkins et al. 1998). Classroom-based interventions reach large groups of children at one
time (WHO 2008) and if they are effectively implemented by teachers they can be
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integrated into the general classroom curricula (Han and Weiss 2005). In studies which
evaluated stakeholders’ perceptions on responsibility for children’s PA levels, teachers
acknowledged their role and the responsibility of the school in addressing inactivity of
their students (Cox et al. 2010, Benes et al. 2016). Teachers have been described as
central change agents and vital stakeholders who can influence what happens in schools
and classrooms and through providing children with frequent opportunities to engage in
interventions can contribute to their positive development (Grossman et al. 1997, Benes
et al. 2016). This is evident in the current study with changes in teacher behaviour
facilitating positive improvements in their students” MVPA levels and enjoyment of the

lessons.

The use of the BCW framework in designing the ‘Active Classrooms’ intervention
ensured that factors which teachers deemed important to implementing active lessons in
the classroom were included in the programme, for example connection to the academic
curriculum, provision of training, and resources (Cothran et al. 2010, McMullen et al.
2014, Benes et al. 2016, McMullen et al. 2016). Few previous studies which integrate
movement into the classroom included theoretical frameworks in the development of their
interventions (Norris et al. 2015) (also see section 2.19.3 of Chapter 2). The Ecological
model which places emphasis on the impact of community and surroundings on the
behaviour of individuals (Erwin et al. 2011a), the theory of ‘brain- based learning’ which
emphasises the grounding of teaching methods in the neuroscience of learning
(Mullender-Wijnsma et al. 2015), and the RE-AIM framework which places emphasis on
the “Reach, Effectiveness, Adoption, Implementation, and Maintenance” of the
intervention programme (Reznik et al. 2015) are among those which have been used.
However, interventions guided by behaviour change theories are proven to be more
effective with more enduring results (Michie and Abraham 2004) than these previously
used theories. The analysis of teacher behaviour with regard to capability, opportunity
and motivation to teach using physically active methods in the classroom (COM-B) prior
to the development of the intervention is a unique aspect of the BCW framework. This
analysis ensured that barriers to performing the behaviour in real-world practice were
identified. A systematic and theoretically guided method was then applied to identify the
specific techniques anticipated to be effective in helping teachers overcome these barriers
to adopt movement integration in their classroom settings. It is evident that under the
guidance of the BCW framework many of the steps outlined in the QIF (Meyers et al.

2012) to ensure quality implementation were addressed in the development and
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implementation of the ‘Active Classrooms’ intervention. These are indicated clearly in
Appendix K and Appendix L. Elements of the intervention which emerged as a result of
applying the BCW framework such as adaptable lesson ideas, linkage to the academic
curriculum, provision of resources, training which emphasised the integration of
movement rather than additional lessons/exercise breaks and setting specific achievable
goals (i.e. teach two active lessons for at least 10 minutes each day) were highlighted by
teachers in their evaluations as contributing to the ease of implementing the programme.
Therefore, arguments that context, communities and needs and behaviours of individuals
who deliver the interventions should be considered if interventions are to be effectively

implemented in practice are supported by findings of the current study.

7.2.2 Teacher approval of the programme
Teachers have been recognised as central change agents in classroom-based interventions

(Grossman et al. 1997) and as outlined above effective implementation is unlikely unless
their needs are addressed. Therefore, it is essential to provide teachers with interventions
they approve of, if fidelity and sustainability are to be guaranteed (Han and Weiss 2005,
Cothran et al. 2010). Evaluations provided by the teachers contextualise and explain the
outcome data by highlighting elements the teachers deemed essential for successful

implementation of the programme. These are explained in more detail below.

7.2.2.1 Connection to the Academic Curriculum
Teachers in the present study highlighted the use of the active lessons to support their

teaching and reinforce academic content they were currently teaching. In many previous
studies which evaluated teachers’ perceptions, teachers considered movement integration
to be in addition to or to complement their pre-existing teaching demands (Cothran et al.
2010, McMullen et al. 2014, McMullen et al. 2016). Take 10! has been criticised in the
literature by studies examining teachers’ attitudes to their implementation. Teachers have
reported that the lessons lack integration with the curriculum and that activity is merely
‘tacked onto’ overly basic lessons (Bartholomew and Jowers 2011). This has been found
to influence the frequency that the active lessons are implemented. An evaluation of Take
10! by teachers in the UK reported an average implementation of 1.5 sessions per week
(Gately et al. 2013). Alternatively, teachers in the Moving to Learn Ireland study reported
implementation of three movement lessons per week (McMullen er al. 2016). The
researchers attributed this to meaningful connection of the active lessons to the academic
curriculum. Teachers in the current study reported that they implemented numeracy

lessons an average of 4.2 days and literacy an average of 3.8 days per week. This is higher
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than averages reported in previous studies and from data which emerged from the
teachers’ evaluations can be attributed to direct connection of the lessons to the strands
and strand units of the academic curriculum and provision of concrete resources to teach
the lessons. It has been acknowledged in the literature that teachers value concrete and
practical ideas, which integrate with the academic curriculum and have little interference
with day-to-day classroom procedures (Fullan and Miles 1992, Harrell et al. 2005).
Therefore, the provision of resources which integrate movement into the curriculum in a
meaningful way, contributes to teacher approval of the programme as it allows them to
overcome the “lack of time” barrier by ensuring that the children are learning academic
content while being active. This is a key factor in motivating teachers to implement new

programmes and consequently influences intervention outcomes.

7.2.2.2 Enhanced teaching and learning
Teachers in the current study expressed that the active lessons enhanced their teaching

and their students’ learning. Using movement in the classroom has often been
recommended to improve academic success. It is accepted that active and kinaesthetic
teaching styles result in increased learning outcomes for all students regardless of their
individual learning preferences (Jensen 2000, Coffield et al. 2004, Lengel and Kuczala
2010). Active learning is reported to support retention of academic material, provide
enjoyable experiences for students, be age-appropriate, intelligence independent and
therefore reach more learners than traditional teaching styles (Jensen 2000). Given this
evidence it must be questioned why all teachers have not adopted such practices. Guskey
(2002) explains that in order for teachers to change their beliefs and attitudes they must
go through a process which begins with an attempt to implement the new strategy. If this
attempt results in positive change in student learning/behavioural/motivational outcomes,
it will lead to a change in teacher belief systems, which is a requirement for change in
practice (Guskey 2002). Teachers who implemented the ‘Active Classrooms’ programme
revealed that there were improvements in their students’ concentration, focus, enjoyment,
motivation, learning and participation in the classroom. According to Guskey’s model of
teacher change (Guskey 2002), this evidence of improvement in student learning
outcomes and the experience of successful implementation is likely to have positively
shaped the teachers’ attitudes and beliefs. Teachers approved of the programme because
they experienced it and witnessed the benefits of it for their students. Previous studies
which evaluated teacher perceptions of implementing new programmes also reported that

teacher acceptability was influenced by positive changes to student learning outcomes
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(Cothran et al. 2010, Hodges et al. 2015, Benes et al. 2016, McMullen et al. 2016,
Stylianou et al. 2016). Given the findings of the present studyi, it is contended that student
learning should be at the heart of programmes designed for implementation in classroom
settings, as it is the key element which influences approval and ‘buy in’ of teachers, who

are the chief implementers.

7.2.3 Targeting class time
It has been acknowledged that schools and classrooms are the primary locations where

effective PA interventions targeting children have taken place (van Sluijs ef al. 2007). As
mentioned above teachers accept their role in improving PA levels of their students
(Benes er al. 2016). Given that instructional class time has been recognised as one of the
most sedentary periods of a child’s day (Bailey ef al. 2012, Fairclough et al. 2012,
Hegarty et al. 2013) it has been recommended that effective interventions should be
implemented during this time (Centers for Disease Control and Prevention 2013, Kohl
and Cook 2013). Additionally, classroom-based interventions and movement integration
in particular have been found to reach large numbers of children at one time (Donnelly et
al. 2009, Reznik et al. 2015, Riley et al. 2016). This is attributed to the fact that in the
classroom during class time, children are a captive audience for classroom-based
interventions. The majority of children present in the classroom are facilitated to
participate since they are under the direction of the teacher (Belton et al. 2010). Data
from the pilot study was used to calculate the percentage of total MVPA accumulated, by
the same group of children, taught by the same classroom teacher, during segmented
periods of the school day (Chapter 3). This illustrates that 33% of the students’ school
day MVPA throughout the week was accumulated during the intervention lessons. This
is a considerable percentage of MVPA to accumulate during class time as it almost
matches the time the students spent in MVPA during break and lunch times (37.8%) and
it exceeds the percentage of school day MVPA accumulated during traditional lessons
and P.E. combined (29%). Therefore, targeting class time with MI interventions results
in increased MVPA because this is a period with great scope for improvement and groups
of children participate in the exercises since they are instructed to do so by their teachers
as part of their academic learning. In the current study, teachers’ classroom instruction
influenced the intensity and duration of activity achieved by their students depending on
the lessons and exercises chosen, frequency of implementation and time allowed to

complete tasks.
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7.2.4 Focus on accumulation of moderate-to-vigorous intensity PA
The primary outcome measure for the current study was students” MVPA which could be

accumulated through active lessons interspersed throughout the school day. This was the
focus of the study since current WHO (2016) recommendations emphasise PA of at least
moderate intensity for health benefits, and that children should accumulate at least 60
minutes of moderate-to-vigorous intensity PA daily. A systematic review of the health
benefits of PA in school-aged children revealed that moderate and vigorous intensity
activities are connected with many health benefits, such as the prevention of many chronic
diseases (e.g. cardiovascular disease, cancer, diabetes, obesity, hypertension and
depression) and that low intensity activities may not have the same benefits (Janssen and
LeBlanc 2010). The WHO (2016) also recognise that children achieve similar health
benefits by accumulating the recommended amount of MVPA in relatively short bouts
(Barr-Anderson et al. 2011) as short bouts are deemed to be more realistic and achievable

especially for less active children (Janssen and LeBlanc 2010).

Results of the current study illustrate that children in the ‘Active Classrooms’ study
accumulated >22% more MVPA than the control group post-intervention. Previous
studies did not report improvements of this magnitude (Erwin et al. 2011a, Riley et al.
2016). Improvement in MVPA levels reported in the ‘Active Classrooms’ study is likely
due to a number of reasons such as discussions of intensity levels with teachers during
workshops (as previously mentioned in Chapter 5) combined with a pilot study which
confirmed that MVPA could be elicited from the activities provided. Discussing intensity
levels with the teachers stimulated an awareness that the aim was not only to encourage
their students to move, but to encourage them to move at moderate-to-vigorous intensity
levels. The pilot study included in the current thesis (Chapter 3) illustrates that the active
lessons successfully facilitated PA levels of moderate-to-vigorous intensity. The findings
of this thesis suggest that to achieve positive results in improving students” MVPA levels
both teacher training on PA intensity and confirmation of intensity generated during the

lesson activities provided must be included.

7.2.5 Enjoyment experienced by the students
Students in the current study clearly demonstrated their enjoyment of the programme

through their drawings, written texts and focus group discussions (Chapter 6). The
children highlighted how participating in the active lessons benefitted their health and

learning. They expressed how they were learning in a ‘fun’ and ‘exciting” way and they
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noted how being active contributed to their health. Engaging with their friends and with
their peers were identified as prominent factors contributing to their enjoyment. These
have also been acknowledged as motivational factors encouraging girls and least active
children to participate in PA (Bailey et al. 2005, Webber et al. 2008, Knowles et al. 2013).
The themes which emerged from the students’ drawings and written texts were reinforced
by data from the student focus group interviews as well as from the data provided by the

teachers.

As discovered through the systematic literature review few previous similar studies
evaluated student perceptions (Finn and Mclnnis 2014, Riley et al. 2015, Benes et al.
2016). The importance of student enjoyment of health promoting initiatives cannot be
overemphasised since it has been regarded as a critical determinant of intervention use
(Cyr et al. 2006). Enjoyment has been found to contribute to people’s willingness to
engage in certain activities (Reeve 1989). Various other fields of health promotion are
considering the power of enjoyment in order to encourage participant engagement with
programmes. A school-based intervention designed to reduce risk factors for eating
disorders concluded that pilot testing is necessary to ensure positive student perceptions
if programmes are to be effective (Wade er al. 2002). Interest and enjoyment were
investigated to evaluate their effect on internet-delivered health promoting interventions
on Dutch adult internet users (Crutzen et al. 2014). Interest was found to direct attention
and initiate participation, while enjoyment maintains engagement once people are
interested (Crutzen et al. 2014). A strong correlation has previously been reported
between interest and enjoyment (Tulis and Ainley 2011). Interest has been described as a
product of novelty, complexity and student potential to master the challenges the lessons
pose (Silvia 2008). Although interest was not a formal outcome of the current study, it is
relevant since many students commented on how English and Maths lessons became
‘more interesting’ during the intervention. According to Silvia (2008)’s “ingredients for
interest”, it could thus be implied that the ‘Active Classrooms’ lessons were innovative,
complex and within the students’ ability range which had an impact on their enjoyment
and played a central role in their learning, motivation and education. Given their
interrelated importance, enhancing influences of enjoyment and interest to maximise their
potential power on intervention use (Crutzen et al. 2014) should be considered in future

studies.
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Aside from the design and content of classroom-based interventions, another factor which
has been found to influence student enjoyment is the teaching style used to deliver the
lessons (Wade er al. 2002). Interactive, student-centred methods have been found to
enhance student enjoyment, engagement and learning (Hill and Hill 1990). Lessons in the
‘Active Classrooms’ programme were designed to involve the students in their learning
through engagement in movement. Although observations of teaching methods were not
carried out, the level of PA generated during class time combined with illustrations by
the children depicting themselves engaging in the lessons lend support to the assumption

that interactive, student-centred teaching methods were used.

Student enjoyment of intervention programmes influence teachers’ attitudes towards and
decisions regarding PA (McMullen et al. 2014, McMullen et al. 2016) which, as
described above, impact implementation and effectiveness of such interventions (Fullan
2007). Teachers in the current study expressed their approval of the programme and their
intentions to continue using it since the students enjoyed the lessons. Improvement in
class time PA levels of the intervention group was maintained at follow-up, hence
confirming that teachers did indeed continue using the programme. The high level of
enjoyment experienced by students in the current study is a notable finding and highlights
the need for its consideration in the development and evaluation of future PA

interventions.

7.3 Strengths and Limitations:
The use of a cluster randomised controlled trial to evaluate the effectiveness of the ‘Active

Classrooms’ programme is a strength of the current study as this design contributes to the
quality of the findings and reduces the potential for bias and misleading conclusions being
drawn. Randomisation is regarded as the most robust method of preventing selection bias
and clustering of the children within classrooms, within schools ensured that
contamination of the control group was avoided (Craig er al. 2008). Following the
CONSORT guidelines (Schulz et al. 2010) in designing, conducting and reporting the

research ensures standardisation and transparency.

Drawing conclusions from multiple data sources is an additional strength of the current
study. Accelerometers provide objective PA data which allowed the effects of the active
lessons to be identified within the intervention group from pre- to post- intervention, and

between the intervention and control groups over time. Through including teachers’ and
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students’ perspectives the researcher was able to gain insights into what may have
contributed to increased accumulation of PA during class time. Strengths and weaknesses
of implementing the programme, such as connection to the academic curriculum,
provision of training and resources, and lack of space for some of the lessons were also
identified by participating teachers. It has been acknowledged that many intervention
programmes have not been transferred from experimental studies to larger scale
implementation (Reis ef al. 2016) therefore, gaining qualitative insights may inform

adaptation of the programme to suit the needs of the main stakeholders.

In addition to the limitations stated in sections 3.17, 5.7 and 6.7 the following additional
limitations should be noted. Firstly, teachers included in the current study volunteered to
participate, which may indicate that they may already have had particular interest in PA
promotion. It is possible that they do not represent the population of primary school
teachers who may have little intention of changing their instructional strategies. Given
the number of schools approached to recruit the required number of teachers, it could be
argued that it is in this proportion of teachers where the challenges of changing teacher
behaviour towards movement integration lie. Secondly, although teachers and students
indicated that the active lessons contributed to their learning and/or facilitators of
learning, it must be noted that these outcomes were not objectively assessed in the current
study. A third limitation of the current study is that implementation fidelity, and both
teacher and student perceptions of the programme, were evaluated through data which
was self-reported by the teachers and students. Combining this data with data gathered
from formal observations of the lessons in practice would add to the robustness of the

study.

7.4  Policy and Practice Implications
Physical inactivity has been acknowledged as a worldwide pandemic that requires global

action (Kohl et al. 2012). The urgency for national and international action in combatting
physical inactivity is reinforced by evidence of its effects on health and the economy.
Physical inactivity attributed to health care costs greater than €49.4 billion, €12.6 billion
in productivity losses, and 13.4 million disability- adjusted life years (DALY's) worldwide
in 2013 (Ding et al. 2016). It is time to prioritise PA to reduce the economic and health
burden of non-communicable diseases. To combat the major problem of physical
inactivity it has been recommended that schools internationally develop policies to

increase children’s PA levels throughout the school day (Ward 2011). The ‘Active
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Classrooms’ project can contribute to such policies while also supporting national
(Department of Health (Ireland) 2009, National Physical Activity Guidelines Steering
Group 2014) and international (WHO 2016) initiatives which aim to increase PA levels
to improve overall health. The current study has demonstrated that integrating movement
into class time has the potential to serve as one facet of a wider school-based intervention
to move children towards achieving IOM (Kohl and Cook 2013) recommendations of 30-
minutes in MVPA during school hours. For such interventions to be successful, findings
from this thesis recommend that health and education professionals formulating the
programmes must consider the needs of key stakeholders i.e. students and teachers, with
intentions of improving PA levels through enjoyable experiences while also maintaining

educational value.

Since movement integration is a relatively inexpensive source of PA and classroom
teachers can easily be trained to adopt this teaching strategy, a practical recommendation
for the Department of Education and Skills (DES) is to incorporate movement integration
into existing and new professional development training for teachers. During these
training sessions emphasis should be placed on PA intensity (DuBose et al. 2008) and
integration of movement by substituting inactive teaching methods for active ones.
Teachers should be provided with adaptable lesson ideas linked to the academic
curriculum and the concrete resources required to teach them. Therefore, all Irish primary
schools would be equipped with trained professionals, which would allow movement
integration to be effectively included in the schools’ formal plans to promote PA as
recommended in DES circular (0013/2016) (Curriculum and Assessment Policy Unit
2016). Administrative staff must provide support to teachers to assist them with changing
their practices (eg: reminders, announcements, time for planning, sharing ideas etc.)
because this support has been found to increase teacher confidence, adherence to new

programmes and willingness to try new ideas (Hodges et al. 2015).

Findings from the current thesis also have implications for teacher education
programmes. All third-level teacher education institutions should facilitate modules
which focus on MI so that student teachers are equipped with the knowledge and skills
required to effectively implement MI in their future classrooms. Ml is a teaching method
which can be adapted to teach any subject to students of any age and since physical

inactivity is an area of concern across all age profiles (WHO 2010) this practice should
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not be limited to teachers of primary level students but should also be extended to

secondary and third level teachers.

As described in Chapter 4, twenty English and twenty Maths lessons linked to the strands
and strand units of the Irish Primary School Curriculum were designed for the current
study. To promote MI and encourage teachers nationally to integrate movement across
the curriculum, it is recommended that the NCCA add movement integration lesson ideas
to the strands and strand units of all subjects in the existing curriculum. Further to this,
school book publishers could include a section with movement integration ideas to each
topic or lesson within the book. These ideas could be printed on both pupil workbooks
and teacher resource books. Finally, software developers could design interactive
whiteboard resources and educational games which integrate movement and academic

content.

7.5 Directions for Future Research
There is overwhelming evidence that PA benefits the health and well-being of students

(Janssen and LeBlanc 2010). However, since movement integration is a relatively new
topic there is little consensus in the literature regarding its impact on academic
achievement from long term interventions. Although PA has been found to have a
positive influence on cognitive functioning, and brain development and function,
interventions have reported a range of results from positive effects to no effect for PA on
academic achievement (Bailey et al. 2005, Norris et al. 2015, Donnelly et al. 2016,
Resaland et al. 2016, Stylianou et al. 2016) (Chapter 2). Nevertheless, there is overall
consensus that PA has not been found to have a negative impact on academic achievement
(Norris et al. 2015, Donnelly et al. 2016) (Chapter 2). Researchers argue that more
research is necessary to determine practical implementation strategies to transfer PA-
related gains in brain function and cognition from the laboratory to school environments
(Donnelly et al. 2016). In their recent review evaluating PA, fitness, cognitive function,
and academic achievement in children, Donnelly et al. (2016) reported that classroom-
based movement integration studies were found to have the most consistent positive
associations for increased academic achievement compared to PA breaks, PE and sports
interventions. The systematic literature review presented in the current thesis (see Chapter
2, Part B) also reports positive findings for MI lessons on learning outcomes as well as
on-task behaviours. Another recent study concluded that MI was particularly effective

for academically weak children (Resaland et al. 2016). Emerging evidence suggests that
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movement integration can promote academic learning as well as PA. However, to build
a more convincing case additional well-designed studies are required to evaluate the

effects of physically active lessons on academic achievement and retention of learning.

Integrating short bouts of PA into the classroom as described in the ‘Active Classrooms’
study may also make additional contributions to sedentary behaviour research. Classroom
settings and traditional teaching and learning styles have previously been identified as
contributing to children’s overall sedentary behaviour, with children spending extended
periods of time seated to receive instruction (Gibson et al. 2008). There is an emerging
body of evidence which suggests that decreasing sedentary time is associated with
reduced health risk in children aged 5-17 (Tremblay et al. 2011). Additionally, there is
growing evidence that independent of total sedentary time and time in MVPA,
interrupting sustained periods of sedentary behaviour may also promote health (Healy et
al. 2008a, Barr-Anderson et al. 2011, Ekelund et al. 2016). The Australian Transform Us!
(Salmon et al. 2011) study outlines a specific procedure to reduce sedentary behaviour
during class time. This includes two features: 1. the modification of a 30 minute lesson
per day so that teachers deliver the content while the children are standing up and 2. a
two-minute light-intensity activity break every 30-minutes of seated class time (Salmon
et al. 2011). Future classroom interventions targeting sedentary time could extend this
concept further taking a dual approach of promoting MVPA and reducing sedentary
behaviour though MI. Existing MI programmes such as the ‘Active Classrooms’
programme could be adapted and evaluated to examine its impact on reducing overall

sedentary behaviour and interrupting sedentary bouts.

Many interventions have been proven to be effective in improving PA levels but few have
been scaled up at population level (Reis ef al. 2016). Maintaining quality implementation
beyond the trial phase is critical for achieving positive student outcomes as intervention
programmes are adopted and institutionalised by schools. Data which enables the
implementation process to be evaluated can contextualize and explain outcome data. This
in turn can allow interventions to be adapted and modified to best suit the needs of their
implementers and facilitate wider implementation and increased effectiveness (Han and
Weiss 2005). Examining factors that sustain a high level of implementation fidelity is
important for the scaling up of programs (McLaughlin and Mitra 2001, Coburn 2003, Han
and Weiss 2005). Given that the ‘Active Classrooms’ programme can successfully
improve MVPA levels and it is acceptable by both students and teachers, a study which
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evaluates wide-scale implementation of the programme is warranted. Proctor et al. (2011)
outline implementation outcomes which should be evaluated in order to advance
understanding of the implementation process and ensure implementation fidelity in real
world contexts. These outcomes include acceptability, adoption, appropriateness,
feasibility, penetration (integration), cost, sustainability and fidelity of the intervention as

it is applied in the real world.

Divergence in the literature has been highlighted in Chapter 5 regarding the provision of
resources with some studies claiming that pre-prepared materials and resources would
greatly assist the implementation of movement integration (Benes et al. 2016, McMullen
et al. 2016), others claim that such resources would remove teacher autonomy (Riley et
al. 2016). Since the provision of resources affects teacher implementation of classroom-
based programmes, types of resources provided should be considered in this
implementation evaluation. Therefore, it would be beneficial if a large scale three-arm
community-based trial was conducted. This trial would examine implementation
outcomes and the effects of the programme following teacher workshops delivered by
trained facilitators as part of a continuous professional development service rather than
by the researcher. The three arms of the trial would be as follows: group A: control,
continue with regular practice; group B: teachers receive prescribed lessons and resources
and are encouraged to use them to assist in teaching the content of their current academic
lessons; and group C: teachers are taught the concept, then allowed autonomy to adapt
their current lessons to integrate movement throughout the day. Results of this trial would
inform intervention developers of best practice for implementation fidelity and
sustainability in the development of a classroom-based intervention programme, which
could be adapted for national and eventually international implementation to improve PA

levels and overall health of students.

PA guidelines for children also include recommendations that muscle strengthening
activities should be performed at least three days per week (WHO 2010). Research has
demonstrated that increasing muscle strength in children positively benefits their
cardiovascular fitness, body composition, mental health, metabolic rate, blood lipid
profiles and bone mineral density (Faigenbaum 2000, Council on Sports and Fitness
2008). Resistance exercises and strength training activities have been reported to improve
muscle strength as well as mobility, balance, control and body awareness, in children with
cerebral palsy (Scholtes et al. 2010), and in healthy children and adolescents (Payne et
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al. 1997). Children as young as 7 years old can do resistance and strength activities such
as squats, step ups, sit-ups, push-ups etc. as long as they are shown the correct techniques
and perform the exercises safely (Council on Sports and Fitness 2008). Increases in
muscle strength in children occur with training at least once a week over an 8-week
period, and must be continued to maintain muscle strength and power (Faigenbaum et al.
2002). Using body weight is acknowledged as an appropriate amount of resistance,
consequently strength activities can easily be done in the confined space of the classroom
with little or no equipment. It would therefore be beneficial for future research to evaluate
the effects of movement integration lessons on students’ muscle strength since many of
the lessons in the ‘Active Classrooms’ programme incorporate resistance exercises and

strength training activities.

7.6 Conclusions
The series of papers presented in this thesis demonstrate that changing teacher behaviour

towards integrating movement into academic lessons can be achieved and can be an
effective strategy for improving students’ PA levels once the programme is acceptable
for teachers and enjoyable for students. Pedagogies can be modified by teachers and
teacher educators to include movement integration in the classroom to improve students’
overall health and well-being. The systematic literature review (Chapter 2, Part B)
highlights the positive effects of MI on students’ PA levels, learning, facilitators of
learning and health outcomes. The pilot study (Chapter 3) demonstrates that the ‘Active
Classrooms’ intervention lessons are sensitive to the local context and successful in
eliciting PA of moderate-to-vigorous intensity in the classroom setting. The RCT
(Chapters 4 to 6) provides evidence for ‘Active Classrooms’ as a successful,
implementable strategy for increasing the PA levels of primary school students. The
impact classroom teachers can have on class time PA levels of the students they teach is
highlighted. Future work and advancements in movement integration pedagogies and
their implementation will further expand the findings of this thesis and reinforce the role
of teachers as central change agents in classroom-based PA programmes. Finally, in the

3

words of the students, “...you learn quickly when you’re being active” (student 10,

female) and “it's good for your brain and body” (student 21, male).
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Appendix E: Sample English lessons

Lesson Code:

Subject:
Class Level:

Strand:

Strand Unit:

Linkage:

Integration:

ES

English (Story)

15" - 37 Class

Competence and confidence in using language

Writing: Develop competence and confidence and the ability to write
independently

Oral Language: Developing receptiveness to oral language
Reading: developing strategies

P.E., Drama, S.E.S.E.

Activity: Going on a Bear Hunt - Students will listen to the story then retell the story
while performing physical activities. Students will make up their own stories using a similar
format and perform using the exercises they suggest.

Time: 30 minutes (can be shortened/ extended if desired)
Class Formation: students stand at their desks

» ) O
Equipment: Going on a Bear Hunt by Michael Rosen :" o:' 3.
and Oxenbury, pencils and paper . :‘
Q %8

Directions:

1. Teacher will read the story "Going on a Bear Hunt" or class can watch the author
telling the story on https://www.youtube.com/watch?v=0gyI6ykDwds

2. Have students pay attention and listen for the different obstacles the character
goes through.

3. Beside their desk, students will demonstrate the ways they can travel like the
characters: Run / Hop through the forest, Skip through the field, Climb the
mountain, other activities...

4. Discuss the format of the story and have the students suggest other obstacles
the characters may have had to go through and how they would get through them.

5. Allow the children to write their own version of the story.

6. Split the children into groups of 3 and encourage each child to retell their own
story with expression and demonstration of the actions. The other members of the
group can join in the actions with the storyteller.
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Appendix E: Sample English lessons (cont’d)

Sample English lesson (2)

Lesson Code: El
Subject: English (Grammar)
Class Level: 15t - 4™ Class
Strand: Competence and confidence in using language
Strand Unit: Writing: developing competence, confidence and the ability
to write independently

Linkage: Developing cognitive abilities through language
Integration: P.E., Drama
Activity: Action Verbs - This activity teaches the children about ' pu“ Q£ﬁ®
verbs and adverbs by encouraging them to perform the action verbs  *—— ——
according to the selected adverb. P ush 4w
Time: 10 minutes (can be extended if desired) M
Class Formation: sit/stand in a circle or at their desks e
Equipment: verb and adverb flashcards (See Copymaster 1) RCCltCh O
Directions:

1. Introduce action verbs as words that indicate some form of action (e.g. jump, run,

squat). Then introduce “"adverb” as a modifier that

tells how/when the action is performed (e.g. quickly, p »
powerfully, repeatedly). p= =
2. Pass out index cards or spread them on the ground. f’_[:c:‘ﬁ"‘

Have the students each pick one card. x_“___!;
3. They must then decide if the word that is written [%J“—"—”P/

on the card is an action verb or an adverb. o

4. The children will each partner up with someone who )-/J
has the other type of word and the whole class act - |
out each phrase in turn (e.g.: hop quickly, squat = )
powerfully, skip repeatedly). The words must make =}
sense together. After all pairs have been acted out =

the cards can be reshuffled, the children can make different pairings with the
verbs and adverbs, and the activity can be repeated.

Variations:

1. Have students each pick out one card (verb or adverb) and then ask them to find
as many matches to act out as they can in one minutes time. The students will be
bouncing, crawling, clapping, and other actions for the entire time.
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Appendix F: Sample Mathematics lessons

Lesson Code: M20

Subject: Mathematics

Class Level: 3rd- 6™ Class

Strand: Number

Strand Unit: Operations: multiplication and division
Linkage: Problem Solving

Integration: P.E.

Activity: Moving multiples - Students will work out division problems while counting up in
multiples of a given divisor to a given number while performing a physical activity

Time: 10 minutes (can be extended if desired)

Class Formation: students standing at their desks
Equipment: Exercise cards (Copymaster 3), division flashcards (Copymaster 2)

Directions:

Have the students standing by their desks or ina
circle.

2. Teacher selects two students- the first student
pulls an exercise card (e.g. scissor jumps) while
the other student pulls a division flashcard (e.g.

24 -4 =),

3. The class must perform the exercise while
counting up in multiples of the divisor (4) to the
dividend (24).

4. When the students have finished, the teacher selects one student to say how many
repetitions he/she had to do to find the answer (6). If the rest of the class agree
with the answer they do 3 vertical jumps, if they disagree they do 3 squats.

5. Repeat with a new exercise card and division flashcard.

Variations:
1. Teacher could assigh one exercise card to each humber 1-10 (1= jumping jacks, 2=

high knees etc.) and the children perform 10 repetitions of the exercise
corresponding to the correct answer. Example the flashcard drawn is 6 + 3 =. The
students would perform 10 high knee exercises to show that the answer is 2.
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Appendix F: Sample Mathematics lessons (cont’d)

Sample Mathematics lesson (2)

Subject: Maths

Class Level: 2" and 3™ Class

Strand: Number

Strand Unit: Counting and Numeration, Operations (Addition)
Linkage: Algebra (Number Sentences)

Integration: Physical Education

Activity: Jump the Deck- This activity requires the children to add the total of two playing
cards while performing the corresponding number of moderate to vigorous physical
activities.

Time: 10 minutes (teacher can extend if desired)
Class Formation: children are standing at their desks
Equipment: 1 deck of cards

Directions:
1. Teacher places a deck of cards on a table in front of the class.
2. Have one student select 2 cards and all of the students will do the corresponding activity
(outlined below) for each suit, repeated the number of times that appears on each card while
adding the total.

» Heart: touch opposite elbow to opposite knee while bouncing on the grounded foot

(alternate with each elbow to knee touch)

» Diamond: high knee/ tuck jumps in place

» Club: modified push up or burpies

> Spade: jumping jacks or scissors
3. Teacher can write corresponding activities on the board for each suit.

Example: WY e H

*** = 4 elbow to knee touches + 9 push ups = 13
* o

LI HIRE B 3

4. Provide other students opportunity to pick cards from the deck and repeat activity.

Variations:
1. Picture cards can represent the number 10.
2. To challenge the students you could vary the value of the picture cards.
3. The children could be asked to add more than 2 numbers while doing the
corresponding activities.
4. Children could be further challenged by completing multiplication with the activities.
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Appendix G: Range of lessons provided to the teacher

English Lessons:

Lesson Title

Strand

Strand Unit

Action Verbs

Competence and
confidence in using
language

Writing: Developing competence, confidence
and the ability to write independently

Stop & Scribble Competence and Writing: Developing competence, confidence
confidence in using | and the ability to write independently
language

As if Receptiveness to Oral Language: Developing Receptiveness to

Language

Oral Language

Frozen Vocabulary

Receptiveness to
Language

Oral Language: Developing Receptiveness to
Oral Language

Spelling Tag

Competence and
confidence in using
language

Writing: Developing competence, confidence
and the ability to write independently

Spelling Bee Bounces

Competence and
confidence in using
language

Writing: Developing competence, confidence
and the ability to write independently

Language Lights Competence and Oral language: developing competence,
confidence in using | confidence in using oral language
language

Popcorn Spelling Competence and Writing: Developing competence, confidence

confidence in using
language

and the ability to write independently

‘Going on a Bear
Hunt’

Competence and
confidence in using
language
Receptiveness to
Language

Writing: Developing competence, confidence
and the ability to write independently

Oral Language: Developing Receptiveness to
Oral Language

‘Marvin K. Mooney

Competence and

Oral language: developing competence,

Will You Please Go | confidence in using | confidence in using oral language Oral
Now?’ language Language: Developing Receptiveness to Oral
Receptiveness to Language
Language
Space Jam Developing Reading: Developing interests, attitudes,
cognitive abilities information retrieval skills and the ability to
through language, think
Emotional and Reading: Responding to text
Imaginative
development

through language

Power Punctuation

Competence and
confidence in using
language

Writing: Developing competence, confidence
and the ability to write independently
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Appendix G: Range of lessons provided to the teacher (cont’d)

English Lessons (cont’d)

Lesson Title

Strand

Strand Unit

Up-down spelling
relay

Competence and
confidence in using
language

Writing: Developing competence, confidence
and the ability to write independently

Memory relay

Receptiveness to
Language

Oral Language: Developing Receptiveness to
Oral Language

Action letters

Competence and
confidence in using
language

Writing: Developing competence, confidence
and the ability to write independently

Sentence shape up

Competence and
confidence in using
language

Oral Language: Developing competence and
confidence in using oral language

Story starters

Competence and
confidence in using
language

Writing: Developing competence, confidence
and the ability to write independently

Vocab Bounces

Receptiveness to
Language

Reading: Developing strategies

Exercise Procedures

Competence and
confidence in using
language

Writing: Developing competence, confidence
and the ability to write independently

Scrabble

Competence and
confidence in using
language

Writing: Developing competence, confidence
and the ability to write independently
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Appendix G: Range of lessons provided to the teacher (cont’d)

Maths Lessons:

Lesson Title Strand Strand Unit
Hit the Deck Number Counting and Numeration, Operations
(Addition)
Tables Freeze Number Operations: Addition & Subtraction
The 12 Days of Number Operations: Subtraction
Fitness
Silent Signs Shape and Space Spatial Awareness
Odd or Even Algebra Extending and using patterns, Number
patterns and Sequences
Hop the answer Number Operations: Addition, Subtraction,
Multiplication, Division
What’s the number, | Number Operations: Addition, Subtraction,
Mr. Wolf? Multiplication, Division
Maths stations Various Various
active rotation
Rounding to the Number Operations: Addition, Subtraction,
nearest 10 Multiplication, Division
Pac the fraction Number Fractions
Rock, paper, Number Operations: Multiplication
Scissors
multiplication
Money exercises | Measures Money
Table exercises Number Operations: Addition, Subtraction,
Multiplication, Division
Musical Odds and | Algebra Number patterns
Evens
Beating hearts Measures, Data Time, Representing and interpreting data
Active problem Number Operations: Addition, Division
solving
Active factors Number Operations: Addition, Division
Hit the Deck 2 Number Operations: Addition, Division
Tables race Number Operations: Addition, Multiplication,
Moving multiples | Number Operations: Multiplication, Division
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Appendix H: Sample of resources provided
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Appendix H: Sample of resources provided (cont’d)

Heart Rate Record Sheet

Name:

Copymaster 6

Fill in the table below to record your

heart beat at rest and after exercise:

Activity

Beats per
minute

Resting

After Walking
for 2 minutes

After running on
the spot for 2
minutes

Now graph your heartbeat after each activity on the chart below:
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Appendix I: Ethical approval form

For Office Use Only A14-006 Resubmission
Application Reference Number:

MARY IMMACULATE COLLEGE
IR LM

M. cossomuneoaswi | Mary Immaculate College Research Ethics Committee
ﬂ‘ﬁ MIREC-4: MIREC Chair Decision Form

1 Title of Research Project

The development of alow-cost dassroom-based physical activity intervention, which integrates academic content, and the
objective examination of its effects on the physical activity levels of boys and gids in primary schools.

2 Applicant

Name Rosemarie Martin

Department / Centre / Other | Faculty Education - Department Arts Education & Physical Education
Position Structured PhD Student

3 Decision of MIREC Chair

Ethical clearance through MIREC is required

Ethical clearance through MIREC is not required and therefore the researcher need take no further action in
this regard

X Ethical clearance is required and granted. Referral to MIREC is not necessary

Ethical clearance is required but the full MIREC process is not. Ethical clearance is therefore granted if
required for external funding applications and the researcher need take no further action in this regard.

Insufficient information provided by applicant / Amendments required

4 Reason(s) for Decision

Application fulfils MIREC requirements. It is recommended that the applicant add a comment to the relevant documents on how
the height and weight measurements will be taken —other adult present, privacy of results (weight espedially) where other
children are not gathered round observing and commenting, etc.

5 Declaration
Name (Print) Aine Lawior

MIREC Chair

-
/ﬂ . ’

Sgneture L Karier

MIREC Chair
Date 30/09/2014
MIREC4 Rev 2 Pagelof1
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Appendix J: Participant information sheets and consent forms

Letter to Principal Seeking Expression of Interest

Principal,
Some Primary School,

Limerick.

Dear Principal,

My name is Rosemarie Martin and I am a primary teacher in Donoughmore N.S. I am
currently undertaking a Structured Ph. D in Education in Mary Immaculate College under
the supervision of Dr. Elaine Murtagh (Lecturer in Physical Education, MIC). My area of
research is integrating physical activity into the classroom. The aim of my research is to
develop and evaluate a classroom intervention to improve children’s physical activity
levels, during the school day, by teaching literacy and numeracy using physically active
methodologies. The study will be carried out over 9 consecutive weeks in third class.

At this stage I am writing to a number of primary schools looking for an expression of
interest with the ultimate goals of recruiting 8 suitable schools to partake in the study.
Four schools will be assigned to the intervention group and 4 will serve as a delayed-
treatment control and will receive the intervention materials after data has been collected.
It is envisaged that the study will start this November with baseline data collection
followed by the intervention which will run over 8 consecutive school weeks. Follow-up
data will be collected for a week 4 months after commencement of the programme. Some
of the particulars of the study are outlined in the attached document.

Partaking in this study is a unique opportunity and will offer many benefits to your
students and teachers. Not only will the selected schools be helping greatly with the
development of a physical activity intervention which integrates academic content but
their students will engage in kinaesthetic lessons and their teachers will use active
methodologies to teach literacy and numeracy lessons. The idea of the intervention is to
increase physical activity levels of the students without interrupting teaching and learning
time, while also enhancing the teaching and learning of these subjects.

There has been much talk in the media recently about the so called ‘childhood obesity
epidemic’ and the health and physical activity levels of Irish young people and children
in particular. Sedentary school environments and inactive teaching methods have been
pin pointed as contributing factors and this is where my research project comes in. The
planned intervention will encourage physically active classroom environments and
kinaesthetic teaching methodologies which will produce effects that will impact on the
current and future health of the boys and girls while also equipping the teachers with new
teaching skills.

I would appreciate it if you would discuss this opportunity with the pertinent staff
members and return the Expression of Interest form by Wednesday 8" of October 2014.
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Appendix J: Participant information sheets and consent forms (cont’d)

Once I receive this form I will contact you and arrange a meeting where we can discuss
the project and any issues which might arise in more detail. The final schools will then
be chosen using a set of pre-established criteria.

If you have any questions or require further information about the project and your
possible role in it please do not hesitate to contact me or my project supervisor (details
attached).

In expressing interest in this project you are taking the first proactive step in helping to
change the health of your students and impacting on their lives.

Yours sincerely,

Rosemarie Martin M.Ed, B.Ed

Dr. Elaine Murtagh B.A., D.L.S., P.G.C.E.,Ph.D. (University of Ulster), Specialist Dip
(UL), Lecturer in Physical Education, Department of Arts Education & Physical
Education, MIC.
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Appendix J: Participant information sheets and consent forms (cont’d)

Expression of Interest Form

Active Classrooms: A classroom intervention to improve the physical activity

levels of children.

I principal of

primary school hereby express my interest in involving this school in the above

mentioned research project.

Contact person in the school:

Contact details email/phone no.:

Number of children in 3" class:

Please return this form to:
Ms Rosemarie Martin,

c/o Donoughmore N.S.,
Donoughmore,

Co. Limerick

Signature: Date:
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Appendix J: Participant information sheets and consent forms (cont’d)

School Information Sheet

Active Classrooms

A classroom intervention to improve the physical activity levels of children.

Rosemarie Martin M.Ed, B.Ed
Mary Immaculate College, Limerick.

School Information Sheet

Invitation to Participate

Rosemarie Martin a Structured Ph.D. in Education student from Mary Immaculate College is
conducting a study to explore the impact of a physical activity intervention in primary school
classrooms. Your school is being asked to participate.

What is the study about?

| am interested in finding out how a programme that involves integrating physical activity into
English and Maths lessons affects the physical activity levels of children. If assigned to the
intervention, your school will be asked to implement an 8-week classroom-based physical
activity programme in third class, which integrates the aims of the primary school curriculum,
during usual class time. The programme is designed to improve the physical activity levels of
children in the classroom and reduce sedentary behaviour. Delayed-treatment control schools
will continue teaching as normal, and will receive the intervention materials after all data has
been collected.

Why is the study being undertaken?

In order to maintain good health, children are advised to accumulate at least 60 minutes of
moderate-vigorous intensity physical activity each day. Recent studies have indicated that many
Irish children are not meeting these guidelines. Schools play a key role in promoting physical
activity for children. The results of the study will help develop a classroom-based programme to
improve children’s physical activity levels.

What happens if my school takes part?

Step 1: The Researcher will arrange a short meeting with the principal and subsequently
interested class teachers, in your school, at a time which is convenient for you, to discuss
participation in full detail.

Step 2: We need to identify 3 classes whose teachers are willing to participate in the study.

Step 3: Once the classes have been selected your school will be asked to distribute information
materials, provided by the Study Researcher, to the parent(s)/guardian(s) of each study child
and to the classroom teacher of each participating class. This will include a leaflet giving a
detailed explanation of the study as well as a consent form for the children, parent(s) and
teacher to sign.

Step 4: The researcher will visit your school at a convenient time to administer a brief training
session for the participating teacher on how to use the accelerometers and how to implement
the active intervention lessons.

Step 5: Participating classes will then take part in an 8-week programme.
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Appendix J: Participant information sheets and consent forms (cont’d)

School Information Sheet (cont’d)
Physical Activity Intervention Programme:

Participating class teachers will be asked to implement an 8-week physical activity programme
which integrates the aims of the primary school curriculum, in their classrooms during usual class
time. Prior to the first week baseline data will be collected as well as during the last week and at
four months follow-up. The researcher will come to the school after the first week to deliver brief
training to the class teacher on how to use the intervention materials, and how to implement
English and Maths lessons using active methodologies. Each consenting child will have once off
height and weight measures taken at the beginning of the study for norm comparisons and will be
asked to wear an accelerometer during the school day on data collection weeks (as mentioned
above). They will also be asked to write and draw about their experiences of English and Maths
lessons both pre- and post- intervention. Some consenting children will be randomly selected to
engage in a focus group discussion about their experiences of the programme with the researcher.
After the 8-weeks participating teachers will be asked to complete a short questionnaire to

evaluate the effectiveness and sustainability of the programme. The teacher may also be selected
to discuss their experience with the researcher after the programme. The programme is designed
to improve the physical activity levels of children and reduce sedentary behaviour in the classroom
without reducing academic teaching time.

Delayed- Treatment Control Group:

Participating class teachers will continue teaching as normal. Once off height and weight
measures will be collected from the children for norm comparisons. The researcher will explain
how the accelerometers should be worn and consenting children will wear them each school
day for a week at baseline data collection, 8 weeks later and at 4 months follow- up. The class
teacher is asked to distribute the accelerometers each day and collect them at the end of each
day during the 3 measurement weeks. Teachers in the delayed- treatment control group will
receive the intervention materials once all data has been collected.

Who will carry out the research?

The study will be conducted by Rosemarie Martin a Ph.D. research student from Mary
Immaculate College who will train the teachers on how to carry out the intervention lessons in
the classroom. The researcher is required to sign acceptance of the Mary Immaculate College
Child Protection Guidelines and to be familiar with the Child Protection Guidelines/Policies of
the school.

What are the risks?
There are no risks in this research greater than those involved in everyday practices.

What are the benefits?
This study may have health benefits for the children both now and into the future. All schools
will receive information on the results of the study.

What happens to the information?

The Information will be used to form the results section of a Ph.D. thesis. Summary data only
will be used; individual children’s data will not be shown. The study will be published as a
research paper in a peer-reviewed journal and presented at a research conference.

How will confidentiality be kept?

Any personal identification will be omitted so that the children, teachers and schools will not be
identifiable in the written analysis. Only the research team will have access to the data. The
study has been approved by the Research Ethics Committee at Mary Immaculate College
(MIREC).

269



Appendix J: Participant information sheets and consent forms (cont’d)

School Information Sheet (cont’d)

What if | do not want my school to take part?

Participation is voluntary. Your school does not have to participate in this study. If you agree for
your school to be in this study, but later change your mind, you may withdraw your school at any
time. There are no consequences of any kind if you decide you do not want your school to
participate.

What do | do next?

The Researcher will be in contact with you in the coming days. She will discuss in more detail
the participation of your school and will be able to answer any questions which you may have in
relation to the study.

If you have questions about the study or do not understand something,
you may contact:

Rosemarie Martin

Tel: 083 4188726

Email: rgiltenane@gmail.com

Or

Dr. Elaine Murtagh

Lecturer in Physical Education
Direct Tel: 061 204569

Email: elaine.murtagh@mic.ul.ie

If you have any concerns about this study and wish to speak to someone

independent, you may contact:
MIREC Administrator,

Mary Immaculate College,

South Circular Road, Limerick

Tel: 061 204515; Email: mirec@mic.ul.ie
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Appendix J: Participant information sheets and consent forms (cont’d)

Principal Consent Form

Active Classrooms: A classroom intervention to improve the physical activity

levels of children.

Should you agree to your school’s participation in the above study please sign the consent

form below.

I consent to the involvement of this Primary School in this research project.

Name: (please print):  (Principal)

Signed:

School:

Date:
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Appendix J: Participant information sheets and consent forms (cont’d)

Teacher Consent Form

Active Classrooms: A classroom intervention to improve the physical activity

levels of children.

Please read the following statements:

- I have read and understood the participant information sheet and have had due

time to consider it.
- T'understand what the project is about, and what the results will be used for.

- Tam fully aware of all of the procedures involving myself, and of any risks and

benefits associated with the study.

- I'know that my participation is voluntary and that I can withdraw from the project

at any stage without giving any reason.

- I am aware that my results will be kept confidential.

By signing below you are agreeing to the above statements and giving informed consent

for you to participate in the above study.

Name: (please print):

Signed:

School:

Date:
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Appendix J: Participant information sheets and consent forms (cont’d)

Parent/ Guardian/ Carer Consent Form

Active Classrooms: A classroom intervention to improve the physical activity

levels of children.

Please read the following statements:

- I'have read and understood the parent/guardian/carer information sheet and have

had due time to consider it.
- T'understand what the project is about, and what the results will be used for.

- I'am fully aware of all of the procedures involving my child, and of any risks and

benefits associated with the study.

- I'know that my child’s participation is voluntary and that I can withdraw him/her

from the project at any stage without giving any reason.

- I know that my child can withdraw from the project him/herself from the project

at any time without giving any reason.

- I am aware that results will be kept confidential.

By signing below you are agreeing to the above statements and giving informed consent

for to participate in the above study.

Signed:

Print Name:

Relationship to the participant:

Date:
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Appendix J: Participant information sheets and consent forms (cont’d)

Information Script for Children

Active Classrooms: Classroom Intervention to Improve Physical Activity Levels of

Children

Hello everyone,

I am here today because your school has been asked to take part in a project. You all will
be asked if you would like to take part.

I want to find out if a new programme of English and Maths lessons taught using active
methods helps children to be more active during the school day. This means that you may
be physically active while learning English and Maths.

You do not have to take part if you do not want to. You can talk about it with your parents
and then decide. We have given your parents some information about the project in a
letter, and they have agreed to let you take part if you wish to do so.

If you do want to take part you will be asked to wear this little device [show
accelerometer]. You wear it on the elastic belt [show elastic belt] around your waist, over
your uniform or school tracksuit and it measures how active you are each day. Your
teacher will give you the accelerometer at the start of the school day and collect it before
you leave at the end of the day. You can use this poster to keep count of the days you
wear the accelerometer.

Your weight and height measures will be taken individually in the classroom at the
beginning of the study. Nobody else will see your measures and they will be kept private
in my study. You may also be asked to draw a picture and write about your experiences
of English and Maths lessons now and again during the last week of the programme.
Some of you may be randomly selected (like being pulled out of a hat) to tell me about
your pictures in a group discussion. Again you do not have to do this if you do not wish
to.

Does anyone have any questions?
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Appendix J: Participant information sheets and consent forms (cont’d)

Child Assent Form

Active Classrooms: A classroom intervention to improve the physical activity

levels of children.

My name is . I agree to take part

in the study. I know that I don't have to participate if I don't want to. I
know that whenever I feel like stopping that's okay, I won't get in trouble
and I don't have to say why I feel like stopping. T know that I will have to
wear an accelerometer and I know that I don't have to if I don't want to, or
I can stop wearing it at any time without getting into trouble or giving a
reason. I know my weight and height will be measured once. I know I may be
asked to draw pictures and write a few lines about my experiences of English

and Maths lessons now and in the last week of the study.

I know this isn't a test or an exam and by participating I am just helping out

the teacher from Mary Immaculate College.

Please tick the box below if you would like to be in with a chance of being
selected to chat to the teacher from Mary Immaculate College about your

experiences of English and Maths lessons.

Yes, I would like to share my experiences with the teacher from Mary

Immaculate College in a group, with others from my class, if T am selected.
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Appendix J: Participant information sheets and consent forms (cont’d)

Focus Group: Parental Information and Consent Form

Active Classrooms: Classroom Intervention to Improve Physical Activity Levels of

Children

Dear Parent/ Guardian/Carer,

Your child and 3 of his/her classmates have been randomly selected to participate in a
group discussion with the researcher about their experiences of the above programme.
The children’s drawings and written passages about the active lessons will form a basis
for the discussion to evaluate their enjoyment of the Active Classrooms programme. The
discussion will be recorded for the researcher’s use only and recordings will not be made
publically available. All identifying information will be kept confidential. Participation
in the focus groups is voluntary and your child can withdraw from the discussion at any

time.

If your child agrees to participate and if you would like your child to take part in
the focus group discussion please read, complete and return the consent sheet

attached:
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Appendix J: Participant information sheets and consent forms (cont’d)

Focus Group: Parental Information and Consent Form

Active Classrooms: Classroom Intervention to Improve Physical Activity Levels of

Children

Please read the following statements:

- I'have read and understood the parent/guardian/carer information sheet and have

had due time to consider it.
- T'understand what the project is about, and what the results will be used for.

- T'am fully aware of all of the procedures involving my child, and of any risks and

benefits associated with the study.

- Iknow that my child’s participation is voluntary and that I can withdraw him/her

from the project at any stage without giving any reason.

- I'know that my child can withdraw from the project him/herself from the project

at any time without giving any reason.

- I am aware that results will be kept confidential.

By signing below you are agreeing to the above statements and giving informed consent

for to participate in the focus group discussion.

Signed:

Print Name:

Relationship to the participant:

Date:
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Appendix K: Links between the components of the ‘COM-B’ model of behaviour
and the intervention functions (Michie et al. 2008), replicated from Martin and

Murtagh (2015a)
Model of Why are teachers What needs to = o0
Behaviour: not using physically change? g g o0 ‘g E e E
Sources active teaching £ 'z E £ 2| = g
methods? g 5 s § é -§ %
2 | & |F |28 = | &
a &
Capability- | e  Teachers lacking Professional
Psychological skills to development/ / / \/
implement training needs to
physically active be provided to
methods teachers
(Darmody et al. Development of
2010, McCoy et action plans/goal
al. 2012) setting
Motivation- | e  Teachers Teachers must
Reflective preference for plan to use \/ \/ \/ ‘/ \/
and direct instruction physically active
Automatic (McCoy et al. methods and
2012) as active develop a habit of
methods require using them.
much more Believe in the
preparatory work benefits of
(Niemi 2002) physically active
e  Overloaded methods by
curriculum and a teachers
lack of time (information
(Niemi 2002) sessions)
e Teachers’ Teachers must
negative beliefs, want to increase
perceptions and physical activity
attitudes towards levels.
physical activity Provision of
in the classroom integrated lesson
(Morgan and plans and
Hansen 2008) resources
Opportunity- | ¢  Space constraints Use of physically \/ /
Physical within the active methods

classroom and
large class sizes
pose logistical
constraints
(McCoy et al.
2012)

e Poor teaching

and learning
resources (Niemi
2002)

with large groups
of children even
in classrooms
with space
constraints
Provision of
resources
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Appendix L: Examples of trial intervention features mapped onto behaviour
change taxonomy and techniques (BCT), replicated from Martin and Murtagh

(2015a)
Taxonomy Intervention BCT Definition Example in Active
Function Classrooms
Intervention
Shaping Training Instruction on Adpvise or agree on Provide an individual
Knowledge how to performa | how to perform the information session and a
behaviour behaviour (includes sample of lesson plans to
skills training) each participating
teacher illustrating how
to integrate physically
active methods into
English and Maths
lessons
Associations | Education, Prompts/ cues Introduce social Text message at the
Environment stimulus with the beginning of each week
Restructuring purpose of prompting | prompting the use of
the behaviour active methods. Poster to
display in the classroom
requiring daily ticks
when active lessons have
been taught.
Comparison | Persuasion Persuasive source | Present verbal or Present results of PAAC
of outcomes visual programme (Donnelly et
communication from | al. 2009) to show
a credible source in increase in PA levels of
favour of the children in the classroom
behaviour
Feedback Enablement Self- monitoring Establish a method Teachers keep a log of
and of behaviour for the person to lessons taught using PA
Monitoring monitor and record methods to include date,
their behaviour as time, lesson, and
part of a behaviour duration of PA
change strategy
Repetition Training Behaviour Prompt substitution Replace inactive
and Substitution of the unwanted teaching methods with
Substitution behaviour with the physical activities in
wanted behaviour teaching English and
Maths
Training Habit reversal Prompt repetition of | Use active
the wanted behaviour | methodologies as often
to replace the as possible to replace
unwanted habitual habitual inactive
behaviour methods
Training Generalisation of | Advise to perform the | Advise to use active
a target behaviour | wanted behaviour methods across other
already performed in | topics in English and
a particular situation, | Maths and in other
in another situation subject areas
Antecedents | Environment Restructuring the | Advise to change the | Advise to arrange desks
Restructuring | physical physical environment | in the classroom to allow
environment in order to facilitate space for movement

the performance of
the wanted behaviour
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Appendix L: Examples of trial intervention features mapped onto behaviour
change taxonomy and techniques (BCT), replicated from Martin and Murtagh

(2015a) (Cont’d)
Taxonomy Intervention BCT Definition Example in Active
Function Classrooms
Intervention
Comparison | Education Information about | Provide information Share anonymous
of behaviour others’ approval about what other feedback from the
people think of the teachers who
behaviour. The implemented the pilot on
information clarifies | what they thought of the
whether others will programme
like, approve or
disapprove of what
they are doing.
Goals and Enablement Problem solving Analyse factors Teachers complete a
Planning influencing the reflective exercise to
behaviour and analyse factors
generate or select influencing the
strategies that include | behaviour and engage in
overcoming barriers discussion with the
and/or increasing researcher to generate
facilitators strategies that include
overcoming barriers
and/or increasing
facilitators

Enablement Goal setting Set or agree a goal Eg. Plan to teach using

(behaviour) defined in terms of PA methods in at least
the behaviour to be two lessons each day
achieved (one English and one

Maths)

Enablement Action planning Prompt detailed Prompt to plan to teach a
planning of lesson using PA methods
performance of the for at least 10 minutes
behaviour (must twice a day during
include at least one of | English and Maths
context, frequency, lessons.
duration and
intensity)
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Appendix M: Teacher training workshop agenda: replicated from Martin and

Murtagh (2015a)
Agenda Item | Description
Introduction to ® Brief description of inactivity problem in primary school
Active children
Classrooms e Role classroom teachers can play
e Active Classrooms integrates physical activity into
academic content with a focus on English and Mathematics
e Physically active teaching methods
® Does not reduce academic teaching time
Physically e Explanation of physical activity as any type of movement
Active Explanation of moderate and vigorous physical activity
Methods e Examples of physically active teaching methods for English
and Mathematics
® Preparation of the classroom environment
Reflective e Teacher analyses his/her current teaching style, asks
Exercise him/herself if they could implement this intervention?
Why/why not?
e Teacher engages in discussion with the researcher exploring
ideas to overcome barriers
Lesson e Researcher shares sample lesson plans for physically active
Planning Mathematics and English lessons
Conclusion ¢ Intervention Timeline

Researcher contact details
Support available
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Appendix N: Standard operating procedures for weight and height measures

Procedure for measuring weight:

1. Remove shoes, coats, jumpers, items in pockets and jewellery

2. Stand in the center of the scale with weight evenly distributed on both feet

3. With hands by sides, stand as still as possible

4. Weight is recorded in kg to the nearest 0.1kg on a Seca Corp digital scale, model
#899 (Germany)

Procedure for measuring height:

Remove shoes and any head piece which may affect recording of height

Stand on ‘footprints’ with heels together and touching the backstop

Stand straight, arms by sides with shoulder blades and buttocks touching the scale
Look straight ahead so that the eye is in line with the flap of the ear

Headboard is placed firmly onto the head, compressing hair as much as possible

AT e

Height is recorded to the nearest centimetre on a Seca Corp stadiometer, model

#214 Road Rod (Hanover, MD)
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Appendix O: Sample of student write and draw worksheet

Name:

Please draw yourself in an English lesson and in a Maths lesson and write a
few sentences to tell me about each one:

Week 8:

English Lesson:

Maths Lesson:
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Appendix P: Sample open ended questions from the teacher questionnaire adapted
from the ‘ToyBox’ study (Androutsos et al. 2014)

1) Please outline any difficulties/ challenges you found while implementing the
intervention programme:

2) Please outline any strengths/weaknesses of the intervention programme:

3) How likely are you to continue using the active lesson ideas after the study?
Please state a reason for your answer.

4) Please state any changes you would make to improve the intervention to
enhance teaching or learning while also encouraging physical activity in the

classroom:
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Appendix Q: Letters of Acceptance for Publication

Chapter 2 - Part B: Research Quarterly for Exercise and Sport

Decision Letter (15-09-PED-06.R1)

From:
To:
CC:

Subject:

Body:

weimozhu@uiuc.edu

rgiltenane@gmail.com

Research Quarterly for Exercise and Sport - Decision on Manuscript ID 15-09-
PED-06.R1

03-Feb-2017
Dear Ms. Martin:

**PLEASE READ THIS ENTIRE LETTER. IT CONTAINS IMPORTANT INSTRUCTIONS
ABOUT YOUR PAPER.**

I am pleased to inform you that your revised paper 'Systematic Review of the
Effect of Active Lessons on Physical Activity, Academic, and Health Outcomes' is
accepted for publication in Research Quarterly for Exercise and Sport. Your next
step is to prepare the final manuscript that will be published. At the bottom of
this letter, I have enclosed the Associate Editor’s, reviewers', and my comments
on the manuscript. As you prepare the final manuscript, please incorporate these
comments. I will check the manuscript to make certain all comments have been
addressed. PLEASE UPLOAD A SEPARATE WORD DOCUMENT FILE INDICATING
HOW YOU ADDRESSED THE COMMENTS. DO NOT INCLUDE THIS FILE AS PART
OF YOUR MAIN DOCUMENT FILE.

Please check to make sure that all aspects of the manuscript conform to
APA/RQES format and style requirements including indenting each paragraph, and
ADDING YOUR AUTHOR INFORMATION ON THE TITLE PAGE.

To assist you with this process, I have enclosed a checklist of these
requirements. As a part of the final check, please make sure that all your
references are correctly presented and that there is a 100% correspondence
between what you cite in the body of your paper and what appears in the
reference list. In addition, please remove any colored font or other highlighting,
and delete any responses to the reviewers that may have appeared in the
previous version of the manuscript.

It is very important that you prepare everything—in particular tables and
figures—according to the checklist. Doing so will eliminate additional requests for
revisions either from our office or during the publishing process.

Please complete and sign the attached release form. Please attach it with the
final manuscript. ATTACH THE FORM AT THE END OF THE MANUSCRIPT AS A
SEPARATE FILE. Please upload the form as a copyright Form file.

To revise your manuscript, log into http://mc.manuscriptcentral.com/rges and
enter your Author Center, where you will find your manuscript title listed under
"Manuscripts Accepted for First Look." Under "Actions," click on "Submit Updated
Manuscript." Please follow the instructions and complete each step carefully.

You will be unable to make your revisions on the originally submitted version of
the manuscript. Instead, revise your manuscript using a word processing
program and save it on your computer.

IMPORTANT: Your original files are available to you when you upload your revised
manuscript. Please delete any redundant files before completing the submission.

Please be aware that your accepted manuscript will be subject to editing at the
page proof stage by the managing editor and copy editor. Approximately 2 - 6
weeks after your manuscript clears First Look, you will receive page proofs from
the managing editor for the online publication of your article on iFirst. If you have
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Date Sent:
File 1:
File 2:

any questions about when your paper will appear, please contact me at
RQESjournal@illinois.edu.

Thank you for your fine contribution. On behalf of the Associate Editors and the
Editorial Board of the Research Quarterly for Exercise and Sport, we look forward
to your continued contributions to the Journal.

Sincerely,

Dr. Weimo Zhu

Editor-in-Chief, Research Quarterly for Exercise and Sport
weimozhu@uiuc.edu

Associate Editor
Comments to the Author:
(There are no comments.)

Reviewers’ Comments to Author:
Reviewer: 1

Comments to the Author

This is a very timely paper that addresses a very important topic related to
physical activity, academic achievement, and health. The authors have greatly
improved the manuscript with their edits and responses to the reviewers'
comments.

03-Feb-2017
* URQE-Copyright-Form.pdf
* APA-RQES-style-checklist-First-Look-2015.pdf
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Appendix Q: Letters of Acceptance for Publication (Cont’d)

Chapter 5: Journal of Physical Activity and Health

Decision Letter (JPAH.2016-0358.R1)

From:
To:
CC:

Subject:

Body:

Date Sent:

eic_jpah@hkusa.com, eic-jpah@hkusa.com

rgiltenane@gmail.com

Journal of Physical Activity & Health - Decision on Manuscript ID JPAH.2016-
0358.R1

22-Nov-2016
Dear Ms. Martin:

Congratulations. It is a pleasure to accept your manuscript entitled "Active
Classrooms: A Cluster Randomized Controlled Trial Evaluating the Effects of a
Movement Integration Intervention on the Physical Activity Levels of Primary
School Children" JPAH.2016-0358.R1 in its current form for publication in the
Journal of Physical Activity & Health.

Upon receipt of this letter, please complete a title page (e.g., list all author names
in the desired order, provide detailed affiliations for each author, and supply the
contact information for the corresponding author), then log-in to Manuscript
Central and upload the title page. Please be certain that the information provided
is correct.

JPAH is now participating in Human Kinetics’ In Press program, which allows for
early online publication of all articles, submission to PubMed, and assignment of a
DOI. However, the journal cannot process your manuscript for In Press
publication until you have submitted the title page. An e-mail will be sent to you,
including notice of your publication date, when your article is posted in the In
Press section.

When it is appropriate, you will receive galleys to review and any other pertinent
information from our Managing Editor. When the galley proofs from your
manuscript are available, please review them very carefully and respond to
Human Kinetics, following their instructions, within 48 hours. To avoid production
delays, please respond with your changes in an expeditious manner.

Please be aware that substantive changes to text CANNOT be made after a
manuscript has been submitted for publication. In addition, NO changes can be
made to figures after a manuscript has been submitted to the publisher. If an
error is found in a figure, please contact Avinash Chandran immediately at
jpah@hkusa.com. Any request for changes may result in removal of your paper
from its assigned issue and placement in a later issue, as space permits.

Should you have a change of address during the publication phase, please notify
Avinash Chandran and he will notify the publisher. If you have any questions,
please contact him at jpah@hkusa.com.

Again, congratulations on the acceptance of your manuscript and thank you for
your support of JPAH.

Sincerely,

Catrine Tudor-Locke, PhD, FACSM, FNAK
SENIOR associate Editor

Journal of Physical Activity & Health

22-Nov-2016
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Appendix Q: Letters of Acceptance for Publication (Cont’d)

Chapter 6: Teaching and Teacher Education

Ms. Ref. No.: TATE-D-16-00677R2

Title: Teachers' and students' perspectives of participating in the 'Active Classrooms' movement
integration programme

Teaching and Teacher Education

Dear Rosemarie,

| am pleased to confirm that your revised paper "Teachers' and students' perspectives of
participating in the 'Active Classrooms' movement integration programme" has been accepted for
publication in Teaching and Teacher Education. We have read your revised manuscript and see that
you have attended to the concerns raised by the reviewers. We appreciate the ways that you
incorporated the recommendations into your revisions.

Thank you for submitting your paper to Teaching and Teacher Education and we look forward to
seeing it in print.

If you are not already registered as a reviewer, we ask that you please go to the TATE site and do
so. Reviewing manuscripts for TATE is something we ask of our authors.

Your accepted manuscript will now be transferred to our production department and work will begin
on creation of the proof. If we need any additional information to create the proof, we will let you
know. If not, you will be contacted again in the next few days with a request to approve the proof and
to complete a number of online forms that are required for publication.

When your paper is published on ScienceDirect, you want to make sure it gets the attention it
deserves. To help you get your message across, Elsevier has developed a new, free service called
AudioSlides: brief, webcast-style presentations that are shown (publicly available) next to your
published article. This format gives you the opportunity to explain your research in your own words
and attract interest. You will receive an invitation email to create an AudioSlides presentation shortly.
For more information and examples, please visit http:/www.elsevier.com/audioslides.

Yours sincerely,
Robert C. Kleinsasser, PhD

Associate Editor
Teaching and Teacher Education
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Appendix R: Statements of Authorship

Chapter 2: Part B:

Article Title: Effect of Active Lessons on Physical Activity, Academic, and
Health Outcomes: A Systematic Review, (In Press), Research Quarterly for

Exercise and Sport, (impact factor 1.702).

Statement of authorship:

We hereby declare that Rosemarie Martin (Ph.D. candidate) is the principal author of this

article. The following statements outline her contributions to the work:

Substantial contributions to the conception and design of the work; the acquisition,
analysis, and interpretation of data for the work; AND

Drafting the work and revising it critically for important intellectual content; AND
Final approval of the version to be published; AND

Agreement to be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are appropriately investigated

and resolved (ICMIJE 2014).

Signed:

(Ph.D. candidate)

Signed:

(Supervisor & Co-author)
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Appendix R: Statements of Authorship (cont’d)

Chapter 3

Article Title: ‘Preliminary Findings of Active Classrooms: An Intervention to
Increase Physical Activity Levels of Primary School Children During Class Time’,

Teaching and Teacher Education, 52, 113-127 (impact factor 1.82).

Statement of authorship:

We hereby declare that Rosemarie Martin (Ph.D. candidate) is the principal author of this

article. The following statements outline her contributions to the work:

Substantial contributions to the conception and design of the work; the acquisition,
analysis, and interpretation of data for the work; AND

Drafting the work and revising it critically for important intellectual content; AND
Final approval of the version to be published; AND

Agreement to be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are appropriately investigated

and resolved (ICMIJE 2014).

Signed:

(Ph.D. candidate)

Signed:

(Supervisor & Co-author)
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Appendix R: Statements of Authorship (cont’d)

Chapter 4

Article Title: ‘An Intervention to Improve the Physical Activity Levels of Children:
Design and Rationale of the ‘Active Classrooms’ Cluster Randomised Controlled

Trial’, Contemporary Clinical Trials, 40, 180-191 (impact factor 2.05).

Statement of authorship:

We hereby declare that Rosemarie Martin (Ph.D. candidate) is the principal author of this

article. The following statements outline her contributions to the work:

Substantial contributions to the conception and design of the work; the acquisition,
analysis, and interpretation of data for the work; AND

Drafting the work and revising it critically for important intellectual content; AND
Final approval of the version to be published; AND

Agreement to be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are appropriately investigated

and resolved (ICMIJE 2014).

Signed:
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Appendix T: Differences between thesis content and published articles

e Abbreviations PA, PE and MVPA have been used for consistency throughout the

thesis.

Chapter 3:
Section 3.4.1

e The primary outcome is minutes per-day and percentage time in MVPA during

the intervention lessons

Section 3.8.1

e Table 5 in the published article has been replaced with Table 3.5 as shown below:

. FEesson

- Sedentary Light Mederate Vigereus MVPA B .

Enolich | 6+ 0+ 6 24 40 202

Hterventton

Maths ] 53 74 +8 22 39 +6-6

Mean——daily

lessons

Computison

Table 3.5:
n=20 Comparison lessons Intervention lessons P Value
mins per day (SD)  mins per day (SD)

Sedentary 25.8 (2.7) 11.4(2.2) <.001
LPA 7.1 (2.1) 17.6 (1.9) <.001
MPA 0.3(0.2) 3.4(0.8) <.001
VPA 0.0 (0.1) 4.6 (1.2) <.001
MVPA 0.3(0.2) 8.0 (1.6) <.001
MVPA boys (n=7) 0.4 (0.3) 7.5 (1.7) <.001
MVPA girls (n = 13) 0.2 (0.2) 8.3(1.6) <.001
Lesson duration (mins) 33.3 36.8

Note: P values refer to differences between intervention lessons and comparison lessons

Chapter 4:
Section 4.3.1

® The primary outcome will be change in class time (inserted) minutes of moderate-
to vigorous-intensity physical activity (MVPA) measured using accelerometers at
baseline, post intervention and four months follow-up

301



Appendix T: Differences between thesis content and published articles (cont’d)

Chapter 6:

*Produce clear

*Transcribe data

+Assemble codes into

Generation of
initial codes

+Reading and re-reading relevant candidate defiitions S rames PO
of text +Coding interesting G +Check that themes work r"mr m: e Select vivid, compelli
iiitialipols iihe features of the data i a e in relation to coded data e o i
*Reflective diary systematic fashion R and entire data sct each theme *Report final analysis of
«Collate data relevant to m';“‘ CL s “Review data o scarch +Relate themes to one sclected data
each code for additional another *Relate analysis to the
research objectives and

relevant literature

themes/sub-themes
+Review thematic map Define and
name themes

¢ Figure 4 (above) in the published article has been updated to the following:
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Figure 6.4 Thematic Analysis Flow Chart based on Braun and Clarke (2006) and its application in the
development of the ‘enhanced learning’ theme
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