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Abstract 

Physical inactivity and sedentary behaviour have been independently associated 

with a wide range of negative health indicators including obesity, poor cardio-metabolic 

health, and poor psychosocial health. The overarching objective of this research was to 

gain a better understanding as to why children are sedentary, and where we need to 

focus public health messages and interventions to reduce sedentary behaviour. 

Specifically, I aimed to provide insight on current awareness of sedentary behaviour 

guidelines; determine important correlates of total sedentary time (SED), and screen 

time (ST) in Canadian children; and understand correlates of SED and ST in a global 

context. The primary dataset used for this project was the International Study of 

Childhood Obesity, Lifestyle and the Environment (ISCOLE). Background work was 

completed to review current literature on knowledge and awareness of Canadian 

physical activity and sedentary behaviour guidelines (in all age groups), and to 

understand the representativeness of the ISCOLE dataset. In addition to the two 

background papers, this dissertation includes three manuscripts, all prepared for 

submission in scientific, peer-reviewed journals: 

1. Manuscript 1: Canadian physical activity and screen time guidelines: do children 

know? 

2. Manuscript 2: Correlates of objectively measured sedentary time and self-

reported screen time in Canadian children  
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3. Manuscript 3: Correlates of total sedentary time and screen time in 9-11 year-old 

children around the world: The International Study of Childhood Obesity, 

Lifestyle and the Environment  

Overall, this work showed the majority of children around the world are accumulating 

large amounts of sedentary time, and exceeded current screen time guidelines. We 

found that the large majority of Canadian children are not aware of screen time 

guidelines; however, a greater proportion of children could identify physical activity 

guidelines. We also identified a number of correlates of SED, and ST in Canadian 

children, and in children around the world. The most common correlates included 

weight status, and access to electronics in the house. Taken together, this work suggests 

that public health messaging should focus on increasing awareness of screen time 

guidelines. While increasing awareness of the guidelines, messaging can be tailored to 

promoting healthy weight statusΣ ŀƴŘ ǊŜŘǳŎƛƴƎ όƻǊ ǊŜƳƻǾƛƴƎύ ŎƘƛƭŘǊŜƴΩǎ ŀŎŎŜǎǎ ǘƻ 

electronic devices in hopes of reducing overall time spent sedentary. 
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Chapter 1 

LƴǘǊƻŘǳŎǘƛƻƴ 

1.1 Thesis overview 

This thesis aimed to contribute to our understanding of why children are 

sedentary. Data for this research came primarily from the International Study of 

Childhood Obesity, Lifestyle and the Environment (ISCOLE). Results of this work are 

presented within a Canadian context and are prepared for use by researchers, health 

care providers, and those working in governmental, non-governmental and not-for- 

profit organizations. It is hoped that this work can be used beyond those in academia to 

help inform updates to current Canadian physical activity and sedentary behaviour 

guidelines, to advise population health interventions, and to provide suggestions for 

future research. 

Throughout this work, the following definitions were used: physical activity 

refers to any bodily movement produced by skeletal muscles that requires energy 

expenditure;1 physical inactivity refers to the absence of recommended levels of 

physical activity or exercise, usually measured by not meeting prescribed physical 

activity guidelines. Sedentary behaviour is defined as any waking behaviour that 

requires little to no energy expenditure (i.e. ҖмΦр a9¢ǎύ ŀƴŘ ƻŎŎǳǊǎ ƛƴ ŀ ǎƛǘǘƛƴƎ ƻǊ 

reclined position.2 Additional details on these terms can be found in the review of 

literature presented in Chapter 2.  
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Chapter 1 presents a broad overview of the work that has been included as part 

of this thesis, and provides context and guidance for the reader. Chapter 2 provides a 

review of literature to help inform the reader, and to provide justification for why this 

work was needed. Chapter 3 provides methodological details, and gives an overview and 

rationale of statistical techniques used throughout this work. Chapter 4 presents the 

results of the three research articles that were completed as part of this dissertation. 

Chapter 5 summarizes the results and offers suggestions for future work. The 

appendices provide details on data collection (e.g., child- and parent-report 

questionnaires), data analysis (sample SAS code), research ethics approvals, and two 

background manuscripts that were used to help inform this work. 

1.2 Rationale for this thesis 

This work was inspired by the fact that low levels of physical activity (PA) and 

ƘƛƎƘ ƭŜǾŜƭǎ ƻŦ ǎŜŘŜƴǘŀǊȅ ōŜƘŀǾƛƻǳǊ ό{.ύ ƘŀǾŜ ōŜŎƻƳŜ άƴƻǊƳŀƭέ ƛƴ ƻǳǊ ǎƻŎƛŜǘȅΦ Both low 

PA and high SB levels are independently associated with a wide range of negative health 

indicators including overweight/obesity, poor cardio-metabolic health, poor 

psychosocial health, and increased risk for many diseases in children3ς6 and adults.7,8 

Further, when poor lifestyle habits are established at a young age, they are more likely 

to follow an individual through adolescence and into adulthood, putting them at 

increased risk for adverse health.9,10 Therefore, monitoring habitual PA and SB among 

children, as well as identifying their demographic, socioeconomic, and environmental 

determinants, represent a particularly important area of research. Previous work has 

focused largely on understanding different types and correlates of PA, and only recently 



 

 

 

3 

have researchers turned their attention to the complex nature of SB. Therefore, it was 

SB, and specifically screen time (e.g., watching television (TV), playing on the computer), 

that was of most interest to me. 

Guided in part by the socio-ecological model, the overarching objective of this 

dissertation project was to gain a better understanding of correlates of SBs in children 

and youth.11 The conceptual frameworks outlined by Owen et al.,11 on determinants of 

SB, and by Sallis et al.,12 on determinants of active living, were used to understand the 

interactions between lifestyle, neighbourhood, and environmental factors contributing 

to high levels of sedentarism in children. The socio-ecological model was chosen to help 

guide this work because it takes into consideration the relationships between different 

environmental interactions and influences, and individual behaviours.  

Defining this work 

This dissertation includes a total of five manuscripts, all submitted for 

publication in scientific, peer-reviewed journals. Background work was completed to 

review current literature on knowledge and awareness of Canadian PA and SB 

guidelines, and to understand the representativeness of the ISCOLE dataset across each 

ISCOLE country. Below is an abbreviated abstract of each manuscript. Where applicable, 

the target journals have been included. The rationale for each manuscript was as 

follows: 

Background manuscripts: The first background manuscript was completed to 

synthesize current knowledge and awareness of Canadian PA and SB guidelines. To date, 

little work has been done to assess guideline knowledge, and not a single study 
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ŜȄŀƳƛƴŜŘ ŎƘƛƭŘǊŜƴΩǎ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ƎǳƛŘŜƭƛƴŜǎΦ ¢Ƙƛǎ ōŀŎƪƎǊƻǳƴŘ ƳŀƴǳǎŎǊƛǇǘ 

supported the need to complete Manuscript 1. The second background manuscript was 

designed to understand if data collected from ISCOLE study sites were representative of 

the whole country. ISCOLE was not designed to be nationally representative; however, 

understanding how the ISCOLE study population differed from a representative sample 

from each country was very helpful when interpreting findings and developing public 

health recommendations. This manuscript was also designed to aid in increasing and 

updating my knowledge of similar studies around the world. 

Manuscript 1: This manuscript was developed based on the assumption that 

public health messages to improve habitual behaviours are only beneficial if they are 

known to the general public; therefore, children who were aware of current PA 

guidelines and/or screen time (ST) guidelines would demonstrate more beneficial 

lifestyle habits (i.e., increased PA, decreased ST) than children who were unaware of the 

guidelines. If our assumptions were true, this would support a population health 

intervention aimed only at those who were unaware of current guidelines. If our 

assumptions were incorrect, and no differences in habitual activity existed, then 

population health interventions should be more widespread. This information could also 

be used when developing and disseminating updated guidelines. 

Manuscript 2: This manuscript was developed to better understand correlates of 

total sedentary time (SED) and ST in Canadian children. Few studies have examined 

correlates of SED and ST in the same population, and no studies have examined these in 
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a Canadian context. It was hoped that results from this study could be used to help 

inform updates to Canadian SB guidelines. 

Manuscript 3: This manuscript was developed to expand on the results obtained 

in Manuscript 2, and to understand if correlates of SED and/or ST were similar across all 

12 ISCOLE countries. It was assumed that correlates across all 12 ISCOLE countries 

would be similar to those identified in the Canadian sample. This work was unique in 

that no study has used such a large, geographically, and socio-culturally diverse sample 

to understand correlates of ŎƘƛƭŘǊŜƴΩǎ {.Φ ¢Ƙƛǎ ǿƻǊƪ Ŏŀƴ ƘŜƭǇ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƻǊƎŀƴƛȊŀǘƛƻƴǎ 

develop public health messages and coordinate efforts to reduce SED and ST around the 

world. 

1.3 Summary of background work 

Below is a brief summary of each manuscript included in this dissertation. Full 

articles can be found in Chapter 4, with the exception of the background manuscripts, 

which can be found in the appendices. 

1.3.1 Background manuscript 1: Knowledge and awareness of Canadian Physical 

Activity and Sedentary Behaviour Guidelines: a synthesis of existing evidence 

This manuscript has been published in the journal of Applied Physiology, Nutrition, and 

Metabolism.13 The aim of this review was to consolidate and synthesize existing 

evidence regarding current knowledge and awareness of Canadian PA and SB guidelines. 

Scientific databases, journal websites, content experts, organizations devoted to healthy 

active living, and government websites were searched for information pertaining to the 

guidelines. Overall, we found that awareness of the guidelines was low, especially with 



 

 

 

6 

respect to the SB guidelines. Less than 10% of survey respondents from the Canadian 

population were aware of PA guidelines, and less than 5% were aware of SB guidelines. 

Online metrics showed that online accession of the guidelƛƴŜǎ ǿŀǎ ƘƛƎƘ όŜΦƎΦΣ ŀƭƭ άƘƛƎƘƭȅ 

ŀŎŎŜǎǎŜŘέ ƻƴ ƧƻǳǊƴŀƭ ǿŜōǎƛǘŜǎύΦ ¢Ƙƛǎ ǊŜǾƛŜǿ ǎƘƻǿŜŘ ǘƘŀǘ ŀǿŀǊŜƴŜǎǎ ƻŦ /ŀƴŀŘƛŀƴ t! ŀƴŘ 

SB guidelines is low amongst the general population, but higher amongst the scientific 

and stakeholder community. Governmental, non-governmental, and stakeholder 

organizations should collaborate in creating sustained, long-term and well-resourced 

communication plans to reach the Canadian population to raise awareness of PA and SB 

guidelines and implement programs to facilitate their uptake. 

1.3.2 Background manuscript 2: Are participant characteristics from ISCOLE study sites 

comparable to the rest of their country? 

This manuscript has been submitted for publication in a special issue of the 

International Journal of Obesity. The purpose of this analysis was to examine the 

similarities and differences between participant characteristics from ISCOLE sites and 

data from nationally representative surveys from ISCOLE countries (Australia, Brazil, 

Canada, China, Colombia, Finland, Kenya, India, Portugal, South Africa, the United 

Kingdom, and the United States). Distributions of characteristics were assessed within 

each ISCOLE country-level database, and compared to published data from national or 

regional surveys, where available. Of 12 countries, data on weight status (BMI) were 

available in eight countries, data on measured PA (steps per day) were available in five 

countries, and data on self-reported ST were available in nine countries. Available 

country-specific data often used different measurement tools or cut-points, making 
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direct comparisons difficult. From the analyses performed, the ISCOLE data do not seem 

to be systematically biased; however, due to limitations in data availability, data from 

ISCOLE should be used with appropriate caution when planning country-level population 

health interventions. This work highlights the need for harmonized measurement tools 

around the world while accounting for culturally specific characteristics, and the need 

for collaboration across study centres and research groups. 

1.3.3 Manuscript 1: Canadian physical activity and screen time guidelines: do children 

know? 

This manuscript is under review at the Journal of School Health. This study aimed to 

determine the proportion of Canadian children who could correctly identify Canadian PA 

and ST guidelines. Data were obtained through the Canadian Assessment of Physical 

Literacy (CAPL) (n=787, 46.6% boys) and a CAPL sub-sample of the International Study of 

Childhood Obesity, Lifestyle and the Environment (ISCOLE) (n=223, 38.1% boys). Most 

children (71.6%) correctly identified PA guidelines; 20.0% correctly identified ST 

ƎǳƛŘŜƭƛƴŜǎΦ Lƴ ŀŘƧǳǎǘŜŘ ƳƻŘŜƭǎΣ ŎƘƛƭŘǊŜƴΩǎ ŀōƛƭƛǘȅ ǘƻ ŎƻǊǊŜŎǘƭȅ ƛŘŜƴǘƛŦȅ ƎǳƛŘŜƭƛƴŜǎ ŘƛŘ ƴƻǘ 

differ by habitual activity. This study showed that regardless of habitual activity level, 

the majority of children correctly identified current PA guidelines; fewer children could 

identify ST guidelines.  

1.3.4 Manuscript 2: Correlates of objectively measured sedentary time and self-

reported screen time in Canadian children 

This maƴǳǎŎǊƛǇǘ Ƙŀǎ ōŜŜƴ ǇǳōƭƛǎƘŜŘΣ ŀƴŘ ƛǎ άƘƛƎƘƭȅ ŀŎŎŜǎǎŜŘέ ƛƴ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ WƻǳǊƴŀƭ 

of Behavioral Nutrition and Physical Activity, 2015; 12:38.14 The objective  of this paper 
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was to identify correlates of SED and correlates of self-reported ST in Canadian children. 

Participants with complete demographic, anthropometric, and either SED (n=524, 41% 

boys) or ST (n=567, 42% boys) data from the Canadian ISCOLE site were included in 

analysis. Potential correlates of SED and ST were examined using multilevel general 

linear models, adjusting for sex, ethnicity, number of siblings, and socio-economic status 

with school as a random effect. Children averaged 8.5 hours of daily SED; no differences 

in total SED, or total ST were seen between girls and boys, but boys reported 

significantly more video game/computer usage than girls. In the final models, waist 

circumference and number of TVs in the home were the only common correlates of 

both SED and ST. Several factors were identified as correlates of SED and/or of ST in 

Canadian children; however, few correlates were common for both SED and ST, and for 

both boys and girls. This suggests that a single strategy to reduce SED and ST is unlikely 

to be effective. Future work should examine a variety of other non-screen based 

sedentary behaviours and their potential correlates in the hopes of creating tailored 

public health messages to reduce SED and ST in both boys, and girls.  

1.3.5 Manuscript 3: Correlates of total sedentary time and screen time in 9-11 year-old 

children around the world: The International Study of Childhood Obesity, Lifestyle and 

the Environment 

This manuscript has been published in PLoS ONE. The aim of this study was to 

investigate correlates of SED and ST in children from 12 countries around the world. The 

sample included 9-11 year-old children from ISCOLE study sites in Australia, Brazil, 

Canada, China, Colombia, Finland, India, Kenya, Portugal, South Africa, the United 
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Kingdom, and the United States. Children with complete demographic, anthropometric, 

accelerometer determined SED, and self-reported ST data were included in this analysis 

(n=5,844, 45.6% boys). Potential correlates of SED and ST were examined using 

multilevel general linear models, adjusting for sex, age, and highest parental education, 

with school and study site as random effects. Children averaged 8.6 hours of daily SED, 

and 54.2% of children exceeded current ST guidelines oŦ Җн ƘƻǳǊǎκŘŀȅΦ Lƴ ŀƭƭ ǎǘǳŘȅ ǎƛǘŜǎΣ 

boys reported higher ST, were less likely to meet ST guidelines, and tended to have 

higher BMI z-scores than girls. In several study sites (9/12), girls engaged in significantly 

more SED than boys. Common correlates of higher SED and ST across the total sample 

included weight status, having a TV or a computer in the bedroom, and not meeting PA 

guidelines. Many common correlates of SED and ST were identified, some of which are 

easily modifiable (e.g., removing TV or computer from the bedroom), and others that 

may require more intense behavioral interventions (e.g., meeting physical activity 

guidelines).  

1.4 Contributions of this work 

This dissertation provides a comprehensive look at awareness of public health 

guidelines, and SB in children. We showed that among children, awareness of PA 

guidelines is high, but ST guidelines is low, and that their awareness was not associated 

with accelerometer measured physical activity or child-reported screen time. We also 

identified correlates of increased SED and ST in Canada, and around the world. We were 

able to identify some common correlates of SED and ST. Some of which may be easily 

modified through public health messaging, and others that may require more in depth 
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behavioral interventions. Overall, several recommendations were made for future work 

including to continue to monitor and evaluate indicators of healthy active living; to 

harmonize data collection strategies; to ensure timely updates to guideline and policies; 

to strive for continual improvement of physical activity and sedentary behavior 

guidelines; and to refine measurements of SB. Results of this doctoral dissertation have 

been, and will be disseminated through peer reviewed publications, and conference 

presentations with additional outreach through various social media outlets. It is also 

hoped that the work presented herein may inform future research. 
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Chapter 2 

Review of literature 

2.1 Introduction and background 

This Chapter aims to prepare the reader with adequate background information 

to interpret the importance of the manuscripts presented in this dissertation. Here I 

provide the comprehensive definitions of terms used throughout this work, current PA 

and SB guidelines, an overview of the health implications of a sedentary lifestyle, the 

conceptual framework that has informed the development of this work, and the 

importance of understanding correlates of SB to inform future interventions.  

Although this work will focus primarily on SED and ST, it would be impossible to 

provide the reader with adequate background information without also acknowledging 

the importance of PA. Engaging in habitual PA is widely accepted as an effective 

preventative measure for a variety of health risk factors across all age, gender, ethnic, 

and socioeconomic subgroups.1ς3 However, across all age groups, levels of PA remain 

low4,5 and levels of sedentarism continue to rise.4ς6 Taken together, these lifestyle 

habits threaten the persistent increase in life expectancy enjoyed over the past 

century.7 

2.2 Physical activity and sedentary behaviour in population health 

With the explosion of research in the field of SB over recent years, and with the 

wealth of information available on PA research, it is important to provide context as to 

how these terms have been used throughout this work. Chapter 1 provided a brief 
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definition of PA and SB, but to help guide the reader, the following comprehensive 

definitions are provided for population health, PA, and SB. 

2.2.1 Definition of population health 

Population health is a relatively new term and can be described as an approach 

that aims to shift from a focus on health care for individuals who are ill, to improving the 

health of an entire population, by treating health as a state of complete physical, mental 

and social well-being, and by reducing health inequities among population groups.8ς10 

Kinding and Stoddart suggest a framework (Figure 2.1) to better understand the 

components of population health.9 This is included to show how policies or 

interventions that are suggested within this dissertation can have an effect on a broader 

population level.  

 

Figure 2.1. Components of Population Health Research adapted from Kinding and 

Stoddart9 

Within population health, there are clearly many different research foci. In 2012, 

The Lancet devoted a special issue to PA and public health research, bringing it into the 

spotlight.11 PA and public health research require coordinated efforts by many different 

scientific disciplines including epidemiology, exercise (and now sedentary) physiology, 
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environmental and health science, sociology, and urban planning.11The framework 

proposed by Kinding and Stoddart helps to illustrate how an interdisciplinary approach 

may work to change policies that may ultimately improve health. 

2.2.2 Definition of physical activity 

PA refers to any bodily movement produced by skeletal muscles that requires 

energy expenditure;12 physical inactivity refers to the absence of recommended levels of 

PA or exercise, usually measured by not meeting prescribed PA guidelines described 

below and in Table 2.1 and included as Figure 2.4. PA is usually prescribed using the FITT 

principle (Frequency, Intensity, Time, and Type)13 and in accordance with PA 

guidelines.14 The FITT principle and current Canadian PA guidelines are described below. 

2.2.3 Definition of sedentary behaviour 

In recent years, we have seen a proliferation of research related to the health 

impacts of SB, and sedentary physiology has become a distinct field of study.15 Recently, 

ǘƘŜ {. wŜǎŜŀǊŎƘ bŜǘǿƻǊƪ ǇǊƻǇƻǎŜŘ ŀ ǎǘŀƴŘŀǊŘƛȊŜŘ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǘƘŜ ǘŜǊƳǎ άǎŜŘŜƴǘŀǊȅέ 

ŀƴŘ άǎŜŘŜƴǘŀǊȅ ōŜƘŀǾƛƻǳǊέΦ16 These definitions have become common in the literature, 

ŀƴŘ ŀǊŜ ǿƘŀǘ ǿŀǎ ǳǎŜŘ ǘƻ ƛƴŦƻǊƳ ǘƘƛǎ ǿƻǊƪΦ ¢ƘŜȅ ŘŜŦƛƴŜŘ {. ŀǎ άŀƴȅ ǿŀƪƛƴƎ ōŜƘŀǾƛƻǳǊ 

that requires little to no energy expenditure (i.e. ҖмΦр a9¢ǎύ ŀƴŘ ƻŎŎǳǊǎ ƛƴ ŀ ǎƛǘǘƛƴƎ ƻǊ 

ǊŜŎƭƛƴŜŘ ǇƻǎƛǘƛƻƴέΦ16 Total sedentary time can be further classified by a variety of 

activities such as reading, watching television, or using the computer. Similarly to PA, SB 

is prescribed using the SITT principle (Sedentary behaviour, Interruptions, Time, and 

Type)15 and in accordance with SB guidelines (described below and in Table 2.1 and 

Figure 2.5).17 The SITT principle and current Canadian SB guidelines are described below. 



 

 

 

16 

For this work, three terms will be used to describe sedentarism: SB, total sedentary time 

(SED), and screen time (ST).  

¶ Sedentary behaviour (SB) as defined by the Sedentary Behaviour Research 

Network, includes all behaviours that require little-to-no energy expenditure 

(i.e., Җ1.5 METs) that occur in the sitting or reclined position.16 SB can be directly 

measured (e.g., via accelerometers or inclinometers), self-reported, or a 

combination of many different measurement tools. 

¶ Total sedentary time (SED) includes total daily sedentary time measured via 

accelerometry, as determined by widely used cut-points.18 SED does not 

distinguish between discretionary time and time at school (or work) and is 

associated with limitations of accelerometry (discussed later).  

¶ Screen time (ST) includes any time children are engaging in sedentary, screen 

based activities, including watching TV, playing seated video games, and using 

the computer during their free time. For this dissertation, ST was measured via 

child-report questionnaire. ST does not include time children spend using 

screens at school, or for homework, or the use of active video games.  

2.3 Physical activity and sedentary behaviour in children and youth 

2.3.1 Physical activity 

Current data suggest that a large majority of children around the world are not 

meeting current PA guidelines from Canada,14 the U.S., 19 the U.K.,20 Australia,21 and the 

World Health Organization.22 For example, self-report measures from the Global School-

based Student Health Survey and the Health Behaviour in School-aged Children Study 
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conducted in 38 European countries, reported that only 20% of 13-15 year olds 

participated in at least 60 minutes of moderate- to vigorous-intensity physical activity 

(MVPA) daily.23 Accelerometer data from the Canadian Health Measures Survey suggest 

that only 7% of children and youth aged 6-19 years participate in at least 60 minutes of 

MVPA per day.4 This is consistent with Background Manuscript 2, which showed that 

across all 12 study sites from the International Study of Childhood Obesity, Lifestyle and 

the Environment (ISCOLE), few children met current guidelines of 12,000 steps per day 

(Figure 2.1, with additional details provided in Background Manuscript 2 in Appendix A).
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Figure 2.2. Daily physical activity (steps per day) from ISCOLE study sites and their representative countries. 
 

Legend: Dark grey bars indicate data from ISCOLE participants; white bars represent country-level data. If no white bar, then 
country level data were not available. Where available, data are presented for both boys and girls. Horizontal black line 
represents mean steps per day for all ISCOLE participants; horizontal dashed line represents target of 12,000 steps per day 
recommended to meet current physical activity guidelines.24 Data were included if it was collected via pedometer or 
accelerometer, and presented as sample mean. Country level datasets included: Finland: Physical Activity of School Aged 
Children;25 United Kingdom: Millennium Cohort Study;26 Canada: Canadian Health Measures Survey;4 U.S.: National Health 
and Nutrition Examination Survey;27 Australia: Australian National Children's Nutrition and Physical Activity Survey.28 The 
Millennium Cohort Study also provided data for England: 10,147 steps per day compared to 9,982 steps per day in ISCOLE. 
See Background Manuscript 2 for additional details.
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2.3.2 Sedentary behaviour 

Accelerometer results from the Canadian Health Measures Survey report that 

Canadian boys, aged 6-19 years are spending an average of 8.5 hours being sedentary 

per day; girls aged 6-19 years are spending 8.7 hours being sedentary per day.4 These 

high levels of sedentarism are not unique to Canadian children. Objectively measured 

SED data from the National Health and Nutrition Examination Survey (NHANES) in the 

U.S. show that boys aged 6-19 years accumulate 6.0-7.9 hours of daily SED (with the 

oldest children being the most sedentary); girls were slightly more sedentary 

accumulating 6.1-8.1 hours daily for the same age groups (again with the oldest being 

the most sedentary).6 On average, across all 12 ISCOLE sites, 54.5% of children exceeded 

current screen time guidelines of no more than two hours of screen time per day (Figure 

2.3).17 In many cases this was similar to what has been reported in other studies (see 

Background Manuscript 2 in Appendix A for additional details).
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Figure 2.3. Proportion of children exceeding screen time guidelines (>2 hours per day) from ISCOLE sites and their 
representative countries. 
Legend: Dark grey bars indicate data from ISCOLE participants; white bars represent country-level data. If no white bar, then 
country level data were not available. Where available, data are presented for both boys and girls. Horizontal black line 
represents mean proportion of all ISCOLE participants who exceed screen time guidelines. Country level datasets included: 
Canada, Finland, the U.K., and the U.S.: Healthy Behaviors in School-aged Children;29 South Africa: Time of Use survey;30 
Colombia: Instituto Colombiano de Bienestar Familiar (ICBF); China: China Health and Nutrition Survey;31 Australia: Australian 
Bureau of Statistics.32 See Background Manuscript 2 for additional details.  
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With the widespread use of accelerometers, we are starting to understand the 

effects of long bouts on sedentarism on acute and chronic health conditions. In adults, 

long bouts of SED are associated with acute and chronic ill-health, regardless of the type 

of SB.33,34 In children, limiting SB is associated with better measures of body 

composition, fitness, self-esteem, self-worth, pro-social behaviour and academic 

achievement.35 However, previous reviews have been informed primarily by reports of 

screen-based behaviours. More recent studies using accelerometer data and markers of 

cardio-metabolic health have been less conclusive. Evidence from both clinical and 

population based studies have shown that in children, long bouts of SED are not 

associated with acute elevations in cardio-metabolic health risk,36 BMI, or waist 

circumference,37 thus raising the question that in children, if it is total SED or specific SBs 

that are associated with poor health. Currently, the relationship between SB and health 

seems to be at least partially mitigated by how SB is measured, defined, and 

categorized.  

2.4 Canadian physical activity and sedentary behaviour guidelines 

Current Canadian PA guidelines for children and youth were released in 2011 

and have been fundamental in providing the public with evidence-informed targets to 

follow for health benefits, and have the potential to significantly contribute to 

improvements in overall health across Canada.14,38 All guidelines were informed by 

systematic reviews of the literature. The development of the guidelines has been 

recorded in detail and can be found on the Canadian Society for Exercise Physiology 

website (www.csep.ca/guidelines). Currently, SB guidelines exist only for the early years, 

http://www.csep.ca/guidelines
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children, and youth. No SB guidelines exist for adults or older adults in Canada, or 

elsewhere. Table 2.1 provides an overview of PA guidelines for all age groups and SB 

guidelines for the early years, children, and youth, and outlines the associated health 

benefits of meeting the guidelines for all age groups. All groups were included to help 

highlight current gaps, and show that regardless of age group, following the guidelines is 

associated with good health. 

Public facing information sheets for PA guidelines for children (aged 5-11 years) 

are presented below in Figure 2.4; information sheets for SB for children (aged 5-11 

years) are presented in Figure 2.5. Guidelines for youth (aged 12-17 years) are the same 

as the guidelines for children; however, the public facing messaging and information 

sheets are slightly different. For the purpose of this work, the guidelines and messaging 

for children are most relevant.  

Table 2.1. Canadian physical activity and sedentary behaviour guidelines. 

Physical activity Guideline* Associated 
health benefit 

Sedentary behaviour 
guideline 

Associated health 
benefit 

Early years (aged 0-4) 

Infants (aged less than 1 year) 
should be physically active 
several times daily ς 
particularly through 
interactive floor-based play. 
 
Toddlers (aged 1-2 years) and 
preschoolers (aged 3-4 years) 
should accumulate at least 
180 minutes of physical 
activity at any intensity spread 
throughout the day, including: 

- A variety of activities 
in different 
environments 

- Activities that 
develop movement 
skills 

In this age 
group, higher 
levels of physical 
activity are 
associated with 
improved 
measures of 
adiposity, motor 
skill 
development, 
cognitive 
development, 
psychosocial 
health, bone and 
skeletal health, 
and indicators of 
cardio-metabolic 
health.40 

For healthy growth and 
development, caregivers 
should minimize the time 
infants (aged less than 1 
year), toddlers (aged 1-2 
years), and preschoolers 
(aged 3-4 years) spend 
being sedentary during 
waking hours. This 
includes prolonged 
sitting or being 
restrained (e.g., stroller, 
high chair) for more than 
one hour at a time. 
 
For those under 2 years, 
screen time (e.g., TV, 
computer, electronic 

Limiting sedentary 
behaviour (especially 
screen time) in the 
early years is 
associated with 
better measures of 
adiposity, 
psychosocial health, 
and cognitive 
development.42 
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- Progression toward 
at least 60 minutes of 
energetic play by 5 
years of age. 

 
More daily physical activity 
provides greater benefits.39 

games) is not 
recommended. 
 
For children 2-4 years, 
screen time should be 
limited to under one 
hour per day; less is 
better.41 

Children (aged 5-11 years) and youth (aged 12-17 years) 

For health benefits, children 
aged 5-11 years, and youth 
aged 12-17 years should 
accumulate at least 60 
minutes of moderate- to 
vigorous-intensity physical 
activity daily. This should 
include: 

- Vigorous-intensity 
activities at least 3 
days per week 

- Activities that 
strengthen muscle 
and bone at least 3 
days per week 

More daily physical activity 
provides greater health 
benefits.14 

For children and 
youth, higher 
levels of physical 
activity are 
associated with 
better measures 
of cardio-
metabolic 
health, adiposity, 
bone health, and 
mental health. 
Further, 
associated 
health benefits 
increase with 
increasing levels 
of activity, 
especially when 
the activity is 
primarily aerobic 
in nature.1 

For health benefits, 
children (aged 5-11 
years) and youth (aged 
12-17 years) should 
minimize the time they 
spend being sedentary 
each day. This may be 
achieved by 

- Limiting 
recreational 
screen time to 
no more than 2 
hours per day; 
lower levels are 
associated with 
additional 
health benefits 

- Limit sedentary 
(motorized) 
transport, 
extended sitting 
and time spend 
indoors 
throughout the 
day.17 

Reducing sedentary 
behaviour (especially 
via reduced screen 
time) is associated 
with better measures 
of body composition, 
cardiorespiratory and 
musculoskeletal 
fitness, academic 
achievement, self-
esteem, and social 
behaviours.35 

Adults (aged 18-64 years) 

To achieve health benefits, 
adults aged 18-64 years 
should accumulate at least 
150 minutes of moderate- to 
vigorous-intensity aerobic 
physical activity per week, in 
bouts of 10 minutes or more. 
 
It is also beneficial to add 
muscle and bone 
strengthening activities using 
major muscle groups, at least 
2 days per week. 
 
More daily physical activity 
provides greater health 
benefits.14 

For adults aged 
18-64 years, 
following the 
guidelines is 
associated with 
significant 
reductions in the 
risk of all-cause 
mortality, 
cardiovascular 
disease, stroke, 
hypertension, 
colon and breast 
cancer, and type 
2 diabetes.3 

None available Not applicable  
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Older adults (65 years and older) 

To achieve health benefits 
and improve functional 
abilities, adults aged 65 years 
and older should accumulate 
at least 150 minutes of 
moderate- to vigorous-
intensity aerobic physical 
activity per week, in bouts of 
10 minutes or more. It is also 
beneficial to add muscle and 
bone strengthening activities 
using major muscle groups, at 
least 2 days per week. 
 
Those with poor mobility 
should perform physical 
activities to enhance balance 
and prevent falls. 
More daily physical activity 
provides greater health 
benefits.14 

In older adults, 
following the 
guidelines is 
inversely 
associated with 
major chronic 
disease such as 
coronary heart 
disease, type 2 
diabetes, 
depression, 
certain cancers, 
dementia, 
disability, and 
loss of function.3 

None available Not applicable 

*Guidelines are presented verbatim with permission from CSEP from www.csep.ca/guidelines 

2.4.1 Physical activity guidelines 

Current Canadian PA Guidelines for Children and Youth recommend that children 

(aged 5-11 years) and youth (aged 12-17 years) accumulate 60 minutes of MVPA daily 

(Figure 2.3). The guidelines also suggest that children and youth incorporate vigorous-

intensity activities, and activities that strengthen muscle and bone, at least three days 

per week.14 Meeting the guidelines is associated with better measures of cardio-

metabolic health (i.e. blood pressure, cholesterol, and metabolic syndrome), 

overweight/obesity, bone health, and mental health. Associated health benefits 

increase with increasing levels of PA, especially when this activity is primarily aerobic in 

nature.1 Finally, establishing proper PA habits at an early age can help children and 

youth maintain high levels of PA as they transition through adolescence into adulthood, 

http://www.csep.ca/guidelines
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contributing to the prevention of a wide range of co-morbidities (e.g. type 2 diabetes 

mellitus, cardiovascular disease) later in life.43,44 

Operationally, guidelines can be prescribed with help from the FITT principle 

(i.e., Frequency, Intensity, Time, and Type).13 Frequency refers to how often an 

individual should be engaging in the activity. For children and youth, it is recommended 

that they accumulate 60 minutes every day. The intensity of PA is important and refers 

to the rate at which the activity is being performed and the relative magnitude of effort 

required. It appears that activities of at least moderate intensity are most beneficial for 

health. In children and youth, MVPA has been defined in a variety of ways, and using 

many different cut-points.1 The lower threshold for moderate-intensity is most 

commonly defined as 4 METs (or 4 times their resting metabolic rate), and the most 

common threshold for vigorous-intensity activity is defined as 7 METs (or 7 times their 

resting metabolic rate).1 Time refers to the duration of activity; for children, it is 

suggested that they accumulate at least 60 minutes per day, and this can be done in 

bouts of any length to account for the sporadic nature in which children move and play. 

Finally, type refers to what kind of activity, such as strength training, aerobic, or balance 

and flexibility.13 
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Figure 2.4. Canadian Physical Activity Guidelines for Children (aged 5-11 years)14 
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2.4.2 Sedentary behaviour guidelines 

In addition to the development of new PA guidelines for children and youth, the 

Canadian Society for Exercise Physiology, in partnership with the Healthy Active Living 

and Obesity Research Group and ParticipACTION, released the Canadian SB Guidelines 

for Children (aged 5-11 years) and Youth (aged 12-17 years) in 2011.17 

Canadian Sedentary Behaviour Guidelines for Children (aged 5-11 years) and 

Youth (aged 12-17 years) state that children and youth should minimize time spent 

being sedentary, including limiting ST to no more than two hours per day, and limiting 

passive transport, prolonged sitting, and time spent indoors (Figure 2.3).17 

Operationally, meeting SB guidelines typically refers to children and youth who 

accumulate no more than two hours of recreational screen time per day. Similarly to the 

FITT principle to describe PA prescription, a SITT principle (i.e., Sedentary behaviour, 

Interruptions, Time, and Type) has been suggested to describe SB.15 SB refers to the 

frequency, or number of bouts of sedentary time over a defined time period. 

Interruptions refers to when sedentary time is broken up by being physically active.45 

Time refers to the time, or duration of SB. And type refers to the mode of SB (e.g., 

reading or watching TV).  
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Figure 2.5. Canadian Sedentary Behaviour Guidelines for Children (aged 5-11 years)17 
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2.5 Awareness of current Canadian guidelines 

Dissemination strategies for the current PA and SB guidelines followed a similar 

plan to that of previous guidelines with an initial media release followed by promotion 

through researchers, health care providers, governmental and non-governmental 

organizations, teachers, and those with an interest in healthy active living. To date, the 

primary dissemination channel for Canadian guidelines has been through mass media 

campaigns including print, television and radio campaigns, and websites. Previous work 

has shown low awareness of PA guidelines in Canada and elsewhere,47ς49 but since the 

new Canadian guidelines were released in 2011 and 2012, little work has been done to 

gauge awareness or uptake. Therefore, part of the background work to inform this 

thesis was to conduct a comprehensive review of knowledge and awareness of current 

guidelines.  

Background Manuscript 1 (Appendix B) showed that unprompted awareness of 

the guidelines, at about 4%, has remained relatively unchanged from awareness of the 

previous guidelines. This suggests that thus far, dissemination of the guidelines has not 

been adequate to penetrate awareness within the general public. More encouragingly, 

among health-related organizations, awareness of Canadian PA guidelines is high 

(80.7%).50 Future work should aim to understand how organizations use the guidelines 

and seek ways that these organizations can help with awareness and knowledge levels 

in the general population. These organizations should also be recruited to help 

disseminate guideline information to their respective networks. 
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Overall, awareness of the PA guidelines was higher than awareness of the SB 

guidelines. Low levels of awareness of the SB guidelines may be in part due to the 

terminology used. Although people may be familiar with the concept of screen time 

(i.e., television, video game, or computer use), they may not be familiar with the 

concept of SB as a distinct health risk factor.15 Furthermore, influencing decisions to 

adopt a new behaviour (e.g., reduce SB) may require different promotion and messaging 

strategies than influencing the decision to discard an old innovation (e.g., continue to 

follow the old PA guides). It may also be true that awareness of the PA guidelines is 

higher simply because they have been around for a longer time, and people have had 

more time to become familiar with them.  

Overcoming low awareness of the guidelines will require collaboration and 

partnerships with those from public health, health promotion, and academic sectors 

ǿƛǘƘ ǎǇŜŎƛŦƛŎ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ǇǊƻƳƻǘŜ ŀ άǿƘƻƭŜ Řŀȅέ ŀǇǇǊƻŀŎƘ ǘƻ ƭƛŦŜstyle behaviours (i.e., 

the need to meet both PA and SB guidelines). However, it is important to remember 

that PA guidelines and messages alone are unlikely to curb the epidemic of inactivity. 

After becoming aware of the guidelines, individuals still need to have an intention to be 

active, short-term behaviour changes through increased PA and decreased SB, and long 

term success in maintaining healthy lifestyle behaviours. Detailed population health 

advocacy and intervention programs with sustained support are likely required for this 

to occur. 

Most work that has been done to assess awareness or uptake of the guidelines 

has focused on the guidelines for the early years, children, and youth, with little work 
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focusing on the guidelines for adults or older adults. To augment the potential impact of 

future updates to the guidelines, detailed dissemination and promotion strategies with 

sustained support are required and efforts should be made to assess and monitor 

awareness and uptake across all age (and potentially gender) subgroups. To maximize 

efforts, dissemination should be conducted through intersectoral partnership between 

federal and provincial governments as well as non-governmental and not-for-profit 

groups. 

2.6 Conceptual framework 

 This research was largely ƛƴŦƻǊƳŜŘ ōȅ ǘǿƻ ŀǎǎǳƳǇǘƛƻƴǎΥ мύ ǘƘŀǘ ŎƘƛƭŘǊŜƴΩǎ 

habitual behaviours are a result of multiple competing and interacting influences; and 2) 

public health messages to improve habitual behaviours are only beneficial if they are 

known to the general public (including, but not limited to the children, parents, 

caregivers, and health care providers). Both of these assumptions suggest that children 

are not completely autonomous and rely on interactions and information from outside 

sources (e.g., their parents, their school environment) for healthy growth and 

development. For this reason, an ecological framework was used to help guide my 

research plan and analysis. 

2.6.1 Ecological framework 

 Ecological models are believed to provide comprehensive frameworks for 

understanding multiple interactions and influences of behaviour. Early work to explain 

the ecological framework used ŀ ΨǎȅǎǘŜƳǎ ǘƘŜƻǊȅΩ ŀǇǇǊƻŀŎƘ ŀƴŘ ŦƻŎǳǎŜŘ ƻƴ ǘƘǊŜŜ ƭŜǾŜƭǎ 

of environmental influences: 1) the microsystem includes interactions among work 
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groups and family members; 2) the mesosystem includes the physical family, school and 

work setting; and 3) the exosystem, which includes the larger social system of culture, 

politics and economics.51 Krieger has expanded upon this to include other aspects of 

social behaviour and eliminate the idea of proximal versus distal influences.52 She 

suggested the need to understand the origins of population risk factors and their 

implications for population health. That group patterns are not simply the sum of 

individual traits and choices, but influenced by varying degrees at different levels.53 

Further, a central thought to all ecological models is that multi-faceted, multi-level 

interventions are needed to support sustained behaviour change.54 

 Ecological models have often been adapted to help understand public health 

research. Specifically, the ecological model has been used frequently by public health 

researchers to help explain the relationship between intrapersonal (biological, 

psychological), interpersonal (social, cultural), organizational, community, physical 

environment, and policy factors.55 Because of the influence of many factors in the 

broader social context, ecological approaches have become prominent in PA and SB 

research.56ς58 Sallis et al.57 has proposed a model for health behaviour, specifically for PA 

(Figure 2.6). This work is highlighted here to provide the reader with some historical 

context. Although the focus of this dissertation is on SB, the work to develop an 

ecological model for active living by Sallis et al. has been key in advancing health 

behaviour research and was used to inform a proposed ecological model for SB.56 The 

ecological model proposed by Owen et al. describing SB is outlined in detail below and 

shown in Figure 2.7.56 
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2.6.2 Determinants of active living and sedentary behaviour 

Early research examining correlates of active living were limited to those in the 

fields of physical education, physiology, and health, and were often limited by small 

sample sizes, modest effect sizes, and poor long-term follow-up.57 As the field of active 

living expanded to include other disciplines (e.g., epidemiology, urban planning), so did 

our understanding that the associations between lifestyle habits and health outcomes 

were complex. Therefore, recent work has suggested the need for multilevel 

interventions targeting all levels and the interactions between individuals, social 

environments, physical environments, and policies.57 Sallis and colleagues used findings 

and concepts from the fields of health, behavioural science, transportation and city 

planning, policy studies and economics, and leisure sciences to create a model to help 

understand the influences of PA.57 

In his work to develop an ecological model of health behaviour, Sallis et al.57 

proposed four core prinŎƛǇƭŜǎΥ άмύ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ƳǳƭǘƛǇƭŜ ƭŜǾŜƭǎ ƻŦ ƛƴŦƭǳŜƴŎŜ ƻƴ ǎǇŜŎƛŦƛŎ 

health behaviors; 2) that influences on behaviours interact across these different levels; 

3) that ecological models should be behaviour-specific; and 4) that multi-level 

interventions are most effective in ŎƘŀƴƎƛƴƎ ōŜƘŀǾƛƻǳǊέΦ57 

Sallis et al.57 suggest that the overarching domains of PA include leisure time, 

active transport, household activities, and occupation (or school) activities. Sallis 

developed the domains with adults in mind, but they may be applied to all age groups, 

although interventions or policy variables are likely distinct to smaller subgroups like 

children and youth. For example, leisure time, especially the after school period, is 
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thought to be a critical time to increase PA in children and youth.59 Active 

transportation, defined as walking, biking, in-line skating, and skateboarding to get to 

and from places such as school, parks and shops, has been shown to be an important 

contributor to increase habitual PA.60 Household activities, such as chores, and family 

based PA are important teachable moments to help children develop good activity 

habits for the future. School time, via partnerships with teachers, school officials, and 

policy makers is seen as good time to take advantage of a captive audience and 

encourage increases in positive knowledge, attitudes, and beliefs surrounding PA. It is 

also important to remember that children and youth are not (for the most part) 

autonomous in their behaviours and are also influenced by their parents, teachers, and 

caregivers. The complex nature of childhood growth and development provides added 

confirmation that ecological models are needed to describe their behaviour.  

As mentioned, a similar model has been developed to understand determinants 

of SB. Owen et al.56 describe domains of SB to include occupation (or school), 

transportation, leisure time, and household time. Of particular importance is the 

behavioural setting and associated social contexts where sitting occurs. Some SB is of 

course inevitable throughout the day (e.g., family dinners, going to school, doing 

homework), but it is important to understand factors that are related to high, or 

prolonged bouts of SB.  

The model to describe domains of SB applies across most age groups but it is 

important to remember that children are often not autonomous in their choices and 

rely on parents, caregivers, and teachers to provide them with opportunities to 
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decrease their SED. Children also lack the mental capacity to fully understand the 

deleterious and long-term health effects associated with prolonged bouts of SB. The 

concept of autonomy and cognitive understanding may be more important when 

examining SB, since most children (and adults) enjoy activities like watching TV or 

playing video games it may be harder for parents to intervene. Parents may also have 

their own motivations for letting their children engage in ST as a means of babysitting 

while they are doing chores. The model for SB may also need to be adapted for different 

demographics.56 For example, those in low-income or developing countries may not 

have access to the same types of screen-based technology as those in developed or 

high-income countries. Or, with programs like Netflix, watching TV may be considered 

the same activity as playing on the computer since they can be both done on a laptop. 
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Figure 2.6. Ecological model of active living57 
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Figure 2.7. Ecological model of sedentary behaviour56 
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2.7 Importance of studying sedentary behaviour in a population health context 

There have been hundreds of studies examining PA and SB in children and youth. 

However, with a great diversity in research designs, measurement approaches, theories 

used, and variables tested, it becomes difficult to integrate the findings and update the 

status of the knowledge in the field.61 This reality limits the ability of subsequent 

research to build on previous findings. It is particularly difficult to integrate knowledge 

from cross-sectional studies since no comment can be made on the direction of 

causality.62 

In medical research (e.g., disease pathology), the causal pathway is often quite 

clear; once a virus is treated, the illness dissipates. However, there are no, or very few, 

ŎŀǎŜǎ ƛƴ ōŜƘŀǾƛƻǳǊŀƭ ǊŜǎŜŀǊŎƘ ǿƘŜǊŜ ǘƘŜ Ŏŀǳǎŀƭ ŦŀŎǘƻǊǎ άŎŀǳǎŜέ ǘƘŜ ƻǳǘŎƻƳŜ ƛƴ млл҈ ƻŦ 

the cases. This is further complicated by the possibility of multiple causal factors 

influencing a particular behaviour, or with bi-directional relationships affecting both the 

exposure and the outcome.  

 It is also possible that deliberate population health interventions do not have any 

effect on a behaviour, or that changes in a behaviour are due to a change in an 

unrelated shift in policy or natural environment that were not expected to have an 

effect. Exposure to a factor does not necessarily lead to a change in the behavioural 

outcome. This also means that causal pathways, and methods for measuring them in 

population health research is complex and less clear.63 

The misinterpretation of results from a cross sectional study can be minimized 

through analytical techniques, and by properly accounting for factors that may 
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intervene on the causal pathway between dependent and independent variables (e.g., 

mediators, confounders). Analytical techniques used throughout this work are discussed 

in great detail in Chapter 3. In brief, this work will use primarily multilevel modeling 

technique to properly account for the hierarchical nature of the data collected in 

ISCOLE. This allows us to examine the relevant distributions of health outcomes and the 

distribution of variance in health outcomes that can be attributed to each level that has 

been included in the model.  

Factors that may intervene on the causal pathway generally include mediators, 

moderators, and confounders. An in depth discussion of these factors is beyond the 

scope of this work, but brief definitions are provided as they are important to consider 

in any epidemiological research. Mediators are factors that are on the causal pathway 

between the dependent and independent variables (e.g. outside factors that also affect 

the outcome of interest). There may be a single mediator, or a series of cascading 

mediators to take into account. Confounders are variables that help to predict an 

outcome, but are also associated with the exposure thereby distorting the true 

magnitude of effect. There are likely many potential confounders to consider when 

building a model (e.g., age, ethnicity). Moderators affect the strength of the relationship 

between an exposure and an outcome. This is analogous to interaction terms and 

requires analysis to be stratified by the potential moderator (e.g., stratifying the analysis 

by age group or sex). Bauman et al.62 has provided an excellent overview of the role of 

determinants, correlates, causal variables, mediators, moderators, and confounders and 

provides a useful schematic. This has been adapted in Figure 2.7. As mentioned, 
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although this work will not focus specifically on determining mediators or moderators of 

SB, these terms are useful to properly understand when trying to interpret results from 

epidemiological studies.  

 

Figure 2.8. Description of mediators, confounders, and moderators62 

2.7.1 Correlates of sedentary behaviour in a population health context 

Correlates of behaviour should not generally be thought of as causal factors, but 

rather as possible predictors of differences in behaviours across groups.62 Practically, 

studying correlates of behaviour provides evidence to help design a behavioural 

intervention study; theoretically, correlational studies can test the assumptions made in 

various theories or models, which can then produce results to strengthen, or modify 

these assumptions.62 Cross- sectional studies provide an efficient means to test many 

correlates at the same time. A recent review by Temmel and Rhodes64 provided us with 

the most comprehensive list of studies examining correlates of objectively measured 

SED and self-, or parent-reported ST. They identified 64 studies examining correlates of 

SB; however, only eleven reported on both accelerometer- measured SED and self-
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reported ST in the same population.64 Studies included participants from around the 

world (although predominantly the United States), but none of the 64 studies included 

data from Canadian children. Of the eleven studies examining both SED and ST, age, sex, 

ethnicity, socio-economic status, and day of the week (weekend versus weekday) were 

significant correlates of both SED and ST. Physical maturity was a correlate of SED only; 

whereas urban versus rural living, neighborhood satisfaction and safety, access (e.g., to 

a television), sleep duration, and self-esteem were correlates of ST only. Other studies 

that have explored associations with ST have identified age, socio-economic status, 

single-parent households, ethnicity, and sex as important correlates.65,66 Studies that 

have examined correlates of SED have shown significant associations with parental BMI, 

TV viewing, and computer use.67 The work presented in this dissertation will aim to first 

understand similarities and differences in correlates of SED and ST in a sample of 

Canadian children, and then expand upon this by examining correlates in participants 

from the 12 ISCOLE study sites. It is hoped that this may help to inform future 

population health interventions to reduce SED and ST, and potentially be used to inform 

more specific messaging related to Canadian SB guidelines.  
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Chapter 3 

Methodological Overview 

3.1 Summary 

This chapter presents a methodological overview, which aims to help the reader 

understand the planning (from conception to analysis) that went into each manuscript. 

Manuscripts 1-3 are presented in Chapter 4 and Background Manuscripts 1 and 2 are 

presented in the Appendix A and B respectively.  

All manuscripts included in Chapter 4 used data from ISCOLE; Manuscript 1 also 

included data from the Canadian Assessment of Physical Literacy (CAPL). As part of my 

doctoral training, I assisted with all areas of data collection for ISCOLE Canada and CAPL. 

Data collection for ISCOLE occurred from October 2011 until December 2013, with data 

collection for the Canadian site occurring from fall 2012 until spring 2013. CAPL data 

collection occurred from winter 2010 until spring 2013 with ISCOLE CAPL data collection 

occurring in spring 2013. Involvement in data collection provided me with excellent 

insight and thorough knowledge of the dataset before planning my statistical analysis. 

wŜǎŜŀǊŎƘ 9ǘƘƛŎǎ .ƻŀǊŘ ŀǇǇǊƻǾŀƭ ǿŀǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ ƻŦ 9ŀǎǘŜǊƴ 

Ontario and the University of Ottawa (Appendix C). Child assent and parent consent 

were also obtained for all aspects of data collection (Appendix C). 

3.1.1 Project framework 

 Described in detail below, the work for this doctoral project was informed 

primarily by data collected in the ISCOLE. This work focuses on influences of SED and ST, 
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but information relating to other lifestyle and demographic information has been 

integrated where appropriate.  

3.2 Summary of research methods and datasets 

3.2.1 International Study of Childhood Obesity, Lifestyle and the Environment 

The primary aim of ISCOLE was to determine the relationships between lifestyle 

behaviours and obesity in a multi-national study of 10-year-old children.1 Further, 

ISCOLE aimed to investigate the influence of higher-order characteristics such as 

behavioural settings, and the physical, social and policy environments, on the observed 

relationships within and between countries.1 Data were collected on children from five 

major geographic regions of the world (Europe, Africa, the Americas, Asia, and the 

Western Pacific) across 12 countries (Australia, Brazil, Canada, China, Colombia, Finland, 

India, Kenya, Portugal, South Africa, United Kingdom, and United States) with a goal of 

recruiting at least 500 participants, aged 9-11 years, from each study site. Data 

collection sites are shown in Figure 3.1 and details on ISCOLE site and participant 

characteristics can be found in Table 3.1.  
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Table 3.1. ISCOLE country and participant characteristics. 
Country National 

populationa 

ISCOLE site 
location 

Population of ISCOLE site 
locationb 

Participants  
(n, % boys) 

Age (years)  
(mean, SD) 

Weight status (%)c 

Europe       

Finland 5,442,322 Helsinki, Espoo, 
Vantaa 

1,060,701 536 (47.2%) 10.0 (0.4) Normal weight: 74.6 
Overweight/obese: 23.7 

United Kingdom 63,705,000 Bath, North East 
Somerset 

177,700 525 (45.1%) 
 

10.4 (0.5) Normal weight: 68.5 
Overweight/obese: 30.3 
 

Portugal 10,562,178 Porto 237,584 777 (46.1%) 
 

10.0 (0.3) Normal weight: 52.5 
Overweight/obese: 47.2 

Africa       

Kenya 44,354,000 Nairobi 3,138,369 563 (46.5%) 
 

9.8 (0.7) Normal weight: 75.1 
Overweight/obese: 21.1 

South Africa 52,981,991 Cape Town 3,497,097 550 (40.1%) 
 

9.8 (0.7) Normal weight: 71.2 
Overweight/obese: 26.4 

The Americas       

Canada 35,158,304 Ottawa 883,391 567 (42.2%) 10.0 (0.4) Normal weight: 68.7 
Overweight/obese: 30.8 

United States 316,783,000 Baton Rouge 802,484 651 (43.2%) 9.5 (0.6) Normal weight: 58.4 
Overweight/obese: 41.3 

Colombia 47,262,816 Bogotá 7,674,366 919 (49.4%) 
 

10.0 (0.6) Normal weight: 75.7 
Overweight/obese: 22.9 

Brazil 201,032,714 Sao Caetano do 
Sul 

149,263 584 (49.1%) 10.1 (0.5) Normal weight: 52.8 
Overweight/obese: 45.2 

South Asia       

India 1,242,456,566 Bangalore 9,588,910 620 (47.1%) 10.0 (0.6) Normal weight: 61.5 
Overweight/obese: 33.7 

Western Pacific       

China 1,362,620,526 Tianjin 10,290,987 552 (53.1%) 
 

9.4 (0.5) Normal weight: 56.3 
Overweight/obese: 41.2 

Australia 23,235,207 Adelaide 1,212,982 528 (46.0%) 
 

10.3 (0.5) Normal weight: 61.4 
Overweight/obese: 37.9 
 

aPopulation estimate accessed October 2014. bRepresents the population size of the city or general area where children were sampled. cWeight status defined by World Health 

Organization cut-points2. 
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The first two manuscripts included as part of this dissertation focused on ISCOLE 

Canada. ISCOLE Canada collected data on 567 children (mean age = 10.0 years) from the 

greater Ottawa region in Ottawa, Canada. Manuscript 3 used data from the complete 

ISCOLE dataset. Overall, data were available on 7,372 children; however, the analytical 

sample used in each manuscript varied slightly based on participants with missing data. 

The administrative framework and specific data collection protocols for ISCOLE 

were clearly set out by the coordinating center at the Pennington Biomedical Research 

Center, in consultation with each countryΩǎ Principal Investigator, to ensure a high level 

of quality control and to minimize measurement variation and bias between study 

sites.1 ISCOLE sites made an effort to stratify their sample by indicators of socio-

economic status to maximize variability, and generally had a goal of including at least 20 

schools, with approximately 25-30 children per school (500 children minimum per site).1 

Many countries included both private and public schools, although all sites limited their 

data collection to large cities, and urban or suburban schools (i.e., no country collected 

data from participants living in remote or rural areas, or attending rural schools). See 

Table 3.2 for additional details on site-specific data collection strategies (Table 3.2).  
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Table 3.2. Sampling methods employed by International Study of Childhood Obesity, 

Lifestyle and the Environment (ISCOLE) sites. Adapted from Katzmarzyk et al.1 

ISCOLE Site  
Sampling Strategy 

Australia A stratified probability sampling frame was used, aiming to ensure that each 5th grade child had equal 
chance of being selected. Schools were initially stratified into tertiles based measures of socio-
economic status. Schools were chosen randomly within each tertile until the complete data from the 
required number of children (200 children) from each tertile obtained.  

Brazil In the region of Sao Caetano do Sul, public schools represent the lower socio-economic strata, and 
private schools reflect the higher socio-economic strata. Random lists of public and private elementary 
schools in the region were generated, and schools were selected for each list at a ratio of 4 (public) to 
1 (private). Twenty schools (16 public and 4 private), with 20-25 students per school were sampled.  

Canada Schools were drawn from the Ottawa Region. Schools were stratified into four groups: English Public, 
French Public, English Catholic, French Catholic). All schools within each stratum were invited to 
participate and the first to respond were included into the study until each stratum was filled.  

China Three regions (2 urban districts and 1 suburban district) of Tianjin city were selected and stratified 
according to three levels of socio-economic status. Within each stratum, 2 schools are selected 
randomly from a list of all public schools, with a total of 6 schools to participate. Each school ensured 
an average sample size of 85-90 students. 

Colombia A list of public and private schools in Bogotá were selected according to a list of inclusion criteria 
including school geography (i.e., urban), demographic characteristics (e.g., including both boys and 
girls), socio-economic status, and school characteristics (e.g., school calendar). Schools were sorted 
into high SES, middle SES and low SES and was designed to include at least 500 children from 20 
schools.  

Finland The sampling frame was a complete list of primary schools in the cities of Helsinki, Vantaa and Espoo. 
Schools were first stratified by city and then by area SES (high, low) based on socio-economic 
characteristics of their geographical location. From each of these 6 strata (city/SES), three to six 
schools were randomly selected to represent the distribution of pupils and SES within the total 
sampling area.  

India Based on school fee structure, a classification was made into low, middle and high socio-economic 
status. Three to four consenting schools were selected from each stratum. The children were sampled 
to have at least 60-70 students from each school.   

Kenya Non-boarding primary schools from Nairobi County were stratified into public and private (boarding 
schools were not sampled). The schools were then selected proportional to the distribution of public 
and private school attendance.    

Portugal There is little variability in socio-economic status at the school level in Porto; thus schools were 
randomly selected from a list provided by the North Regional Education Directory Board. Twenty 
schools were sampled, and from each, 5th grade students were sampled in order to have 25-30 
students in each school. 

South 
Africa 

Participants were recruited through a list of all public schools within Cape Town. The list was stratified 
according to SES quintiles and at least 4 schools were randomly selected from each stratum for a total 
of at least 20 schools.  

United 
Kingdom 

The sampling frame was a complete list of primary schools in the Bath and North East Somerset 
regions. Schools were stratified according to size and socio-economic characteristics. From each 
stratum, a proportional cluster was selected. Specifically, schools were randomly selected using the 
probability proportional to size approach and a reserve-list compiled to account for school withdrawal.  

United 
States 

A complete list of public and private schools in East Baton Rouge Parish was assembled. Private 
schools (collectively a stratum) were sampled separately. The public schools were sorted into quartiles 
(strata) according to socio-economic status. Schools were randomly selected within each stratum until 
a minimum of 4 schools were selected from each stratum, for a total minimum of 20 school. 
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Measurements were kept as consistent as possible across all study sites to 

ensure data were comparable; however, some questions were modified to better reflect 

the culture of the specific country (e.g., modifications of the diet-related questions to 

include local preferences). Some countries also added ancillary studies with additional 

measures. ISCOLE Canada added two ancillary studies: the concurrent use of Actical 

accelerometers, and an assessment of physical literacy. Data from the Actical 

accelerometers were not used in this analysis, but were collected as part of ISCOLE 

Canada to allow direct comparison with the Canadian Health Measures Survey.3, 4 Data 

from the assessment of physical literacy were used in Manuscript 1. Physical literacy 

was measured using the CAPL battery of tests, which included the Knowledge and 

Understanding Questionnaire, as well as additional physical measurements. Details on 

CAPL measurements can be found below. 

The results of ISCOLE provide a robust examination of the correlates of obesity in 

children, focusing on both sides of the energy balance equation (i.e., energy intake and 

energy expenditure).1 Details on measurement tools and protocols can be found below 

and include accelerometery, anthropometrics, and questionnaires (both child- and 

parent-report, Appendices D-F). Additional details on ISCOLE methodology can be found 

elsewhere.1 

3.2.2 Anthropometric measurements 

Anthropometrics (i.e., standing and sitting height, weight, waist circumference, 

upper arm circumference, percent body fat) were directly measured by trained and 

certified ISCOLE researchers during each school visit. Table 1 provides additional details 
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of each measure.  

Table 3.3. ISCOLE anthropometric measurement table. 

Variable Measurement tool Record in duplicate to  Range  
(repeat if) 

Standing height Seca 213 Portable Stadiometer Nearest 0.1 cm >0.5 cm 

Sitting height Seca 213 Portable Stadiometer, 
standardized bench 

Nearest 0.1 cm >0.5 cm 

Waist circumference Anthropometric tape Nearest 0.1 cm >0.5 cm 

Arm circumference Anthropometric tape Nearest 0.1 cm >0.5 cm 

Body weight Tanita Body Composition Analyzer (SC-240) Nearest 0.1 kg >0.5 kg 

Body fat percentage Tanita Body Composition Analyzer (SC-240) Nearest 0.1% >2.0% 

 

Height was measured using a Seca 213 Portable Stadiometer. Participants were 

asked to remove their shoes, and stand with their back towards the stadiometer, with 

feet together, their heels touching the base of the stadiometer, and their head aligned 

in the Frankfort plane (i.e., so that there is a horizontal line from the ear canal to the 

lower border of the orbit of the eye and it is parallel to the floor). Participants were 

asked to stand as tall as possible, with measurements being taken at the end of a gentle 

inspiration. 

Sitting height was measured using a Seca 213 Portable Stadiometer and a 

standardized bench. Participants were asked to sit on the bench, with their back against 

the stadiometer, their legs hanging freely, their arms resting on their thighs, and their 

head aligned in the Frankfort plane. Participants were asked to sit as tall as possible, 

with measurements taken at the end of a gentle inspiration. Sitting height was used to 

calculate biological maturity of each child via an estimation of somatic 

maturation5calculated by the percentage of predicted adult height, and maturity 

offset.6,7 As ISCOLE is a cross-sectional study, methods proposed by Mirwald et al.7 were 

used to predict maturity offset from age, sex, sitting height, stature and body mass. 
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Although part of ISCOLE, and important to mention here, maturity offset was only used 

during preliminary data analysis as a covariate. 

Weight and body fat percentage were measured using a portable Tanita Body 

Composition Analyzer (SC-240). Participants were asked to remove shoes, socks, and 

any heavy accessories (e.g., large sweaters) before stepping on the scale. The Tanita SC-

240 ǊŜŎƻǊŘŜŘ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ōƻŘȅ ǿŜƛƎƘǘΣ ōƛƻŜƭŜŎǘǊƛŎ ƛƳǇŜŘŀƴŎŜΣ ŀƴŘ ǇŜǊŎŜƴǘ ōƻŘȅ ŦŀǘΦ 

The Tanita SC-240 has shown acceptable accuracy for estimating body fat percentage 

when compared with dual-energy X-ray absorptiometry, supporting its use in field-

based studies.8 The Tanita SC-240 was also non-intrusive and as such provided almost 

no missing data. 

Waist circumference was measured at the mid-point between the top of the iliac 

crest and the bottom of the last floating rib using a non-elastic anthropometric tape. 

The iliac crest and floating ribs were palpated by an ISCOLE researcher, and marked with 

a washable marker. The mid-point between the marks was measured and marked and 

ǘƘŜ ŀƴǘƘǊƻǇƻƳŜǘǊƛŎ ǘŀǇŜ ǿŀǎ ǇƭŀŎŜŘ ŀǊƻǳƴŘ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǿŀƛǎǘ ǎǳŎƘ ǘƘŀǘ ƛǘ ǿŀǎ ǘƛƎƘǘ 

enough to stay in place, but not so tight as to indent the skin. Waist circumference was 

measured after a normal exhalation. Children were measured behind a temporary 

screen to provide privacy. 

3.2.3 Directly measured physical activity and sedentary behaviour 

Recent technological advances have allowed for widespread use of 

accelerometers to objectively measure time spent engaging in various activities. 

Accelerometers, worn attached to a small belt around the waist, are small monitoring 
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devices used to measure movement accelerations of an individual. During data 

collection, the filtered movement intensities were stored as an activity count for a user-

ǎǇŜŎƛŦƛŜŘ ΨŜǇƻŎƘΩ ƛƴǘŜǊǾŀƭΦ 9ǇƻŎƘ-by-epoch activity counts were used to calculate each 

ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǾƻƭǳƳŜ ŀƴŘ ƛƴǘŜƴǎƛǘȅ ƻŦ ŀŎǘƛǾƛǘȅΦ CǊƻƳ ǘƘƛǎ ƛƴŦƻǊƳŀǘƛƻƴΣ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǘƛƳŜ 

the participant spent engaging in varying intensities of activities, including PA (of all 

intensities), SED, and sleep was determined.9Total sedentary time (SED) was defined as 

ŀƭƭ ŜǇƻŎƘǎ ǎƘƻǿƛƴƎ Җнр Ŏƻǳƴǘǎ ǇŜǊ мр ǎŜŎƻƴŘǎΣ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǿƛŘŜƭȅ ǳǎŜŘ ŎǳǘƻŦŦǎ ŦǊƻƳ 

Evenson et al.10 (i.e., sedentary: 0ς25 counts/15 seconds, light: 26ς573 counts/15 

seconds, moderate-to-ǾƛƎƻǊƻǳǎΥ җртп Ŏƻǳƴǘǎκмр ǎŜŎƻƴŘǎύΦ CƻǊ ŀƴŀƭȅǎƛǎΣ ǘƻǘŀƭ {95 ǿŀǎ 

treated as a continuous variable. Manuscripts 1, 2, and 3 utilized accelerometer 

measured SED. Manuscript 1 also included accelerometer measured PA. Manuscripts 2 

and 3 included sleep and PA to better understand correlates of SED and ST, although 

self-report values of both sleep and PA were included in the final models. 

ISCOLE participants were asked to wear the accelerometers on an elastic belt, 

aligned above the right hip, 24-hours a day, removing only when doing water activities 

(e.g., bathing or swimming). Children were instructed to wear the accelerometers for 

seven consecutive days. At least four days of valid measurements (including at least one 

weekend day), with at least 10 hours of valid waking wear time per day, was needed for 

data to be included in the ISCOLE database.9 Non-wear time was defined by monitoring 

time with at least 60 consecutive minutes of zero counts. Sampling rate was set to 80 Hz 

with 1-second epoch lengths, aggregated to 15-second epochs for analysis. To increase 

compliance, study staff instructed children how to wear the accelerometer during the 
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initial in-school assessment, and conducted an in-person compliance check 2ς4 days 

after initialization. Further, participants were contacted twice via telephone (one 

weekday evening and one week end day) to ensure they were wearing the device, and 

to address any questions. 

3.2.4 Child- and parent-report questionnaires 

ISCOLE questionnaires included both child- and parent- report questionnaires. 

The Diet and Lifestyle Questionnaire (Appendix D) asked the child questions related to 

dietary intake, PA, SB, and sleep; the Demographic and Family History Questionnaire 

(Appendix E) and the Neighbourhood & Home Environment Questionnaire (Appendix F) 

asked parents questions related to the home and neighbourhood environment. The 

child-report questionnaire was administered during an ISCOLE school-visit, at the same 

time that anthropometric measurements were taken and that accelerometers were 

given out. The parent-report questionnaires were sent home with the child at the same 

time as the parent-consent forms (i.e., prior to when the children were assessed). As the 

child finished their survey, and after collecting the parent-report surveys, ISCOLE 

researchers performed quality control checks on all parts of the questionnaires to 

ensure there were no missing data or invalid responses. In the case that there was 

missing data, parents were contacted via telephone for clarification. 

Child-reported screen time was determined from the Diet and Lifestyle 

Questionnaire, with questions taken from the U.S. Youth Risk Behaviour Surveillance 

System.1,11 Children were asked how many hours they typically watched TV, and how 

many hours they played video games and/or used the computer per week day, and per 
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weekend day for recreation.1 Responses were: 1 = I did not watch TV, 2 = Less than 1 

hour, 3 = 1 hour, 4 = 2 hours, 5 = 3 hours, 6 = 4 hours, 7 = 5 or more hours. Response 

ŎŀǘŜƎƻǊƛŜǎ ǿŜǊŜ ŎƻƭƭŀǇǎŜŘ ǘƻ ƛƴŎƭǳŘŜ м Ґ Җм ƘƻǳǊ ƻŦ ¢±Σ н Ґ н ƘƻǳǊǎΣ о Ґ о ƘƻǳǊǎΣ п Ґ п 

ƘƻǳǊǎΣ ŀƴŘ р Ґ җр ƘƻǳǊǎΦ ! ǿŜƛƎƘǘŜŘ ƳŜŀƴ ǎŎƻǊŜ ƻŦ Řŀƛƭȅ ǎŎǊŜŜƴ ǘƛƳŜ ǿŀǎ ǘƘŜƴ 

calculated as follows: [(hours of TV on weekdays x 5) + (hours of TV on weekend days x 

2) + (hours of video games and computers on weekdays x 5) + (hours of video games 

and computers on weekend days x 2)]/7. For analysis, this is presented as a screen time 

score, rather than total hours of ST since after 5 hours per day, we could not ascertain 

ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ŀŎǘǳŀƭ ŀƳƻǳƴǘ ƻŦ {¢Φ  

All data collection methods used in ISCOLE were approved by the relevant 

research ethics boards at Pennington Biomedical Research Center, at each ISCOLE study 

site, and at the respective school boards. A complete list of institutional research ethics 

boards involved in the approval of this project can be found in Appendix G. 

3.2.5 Representativeness of ISCOLE 

By design, ISCOLE study sites were not intended to be representative of the site 

country.1 The primary sampling frame was schools, typically invited to participate in 

order to cover a range of socio-economic status to maximize variability within study 

sites. However, as ISCOLE represents the most up-to-date, largest, and most 

geographically diverse study of children around the world, we thought it was 

interesting, and important, to understand how representative ISCOLE site samples were 

when compared to available national samples. Therefore, the second part of the 

background work that was completed to help inform this dissertation looked at the 
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representativeness of ISCOLE participant characteristics in each country. The full results 

of this work can be found in Appendix A and have been submitted for publication in a 

special issue of the International Journal of Obesity. In brief, the purpose of the 

background paper was to examine if data collected at ISCOLE study sites was 

representative of the site country as a whole. In a broader sense, it is hoped that this 

work can be used to better understand the limitations, potential biases and 

generalizability of results of ISCOLE, and to understand current gaps in knowledge in 

respective countries. More specific to the work presented within this dissertation, it was 

hoped that by understanding if ISCOLE participants were representative of children 

around the world, I could provide more significant and applicable public health 

messages related to reducing SED and ST. 

Of the 12 ISCOLE countries, five provided nationally representative data on 

objectively measured PA, nine provided data on self-reported SB, and eight provided 

data on weight status to allow comparison with the ISCOLE sample. The five ISCOLE 

countries that were part of the Health Behaviours in School-aged Children also provided 

data on self-reported PA. Due to the limited availability of country-level data, it is 

suggested that ISCOLE data be used with appropriate caution when planning 

countrywide population health interventions. However, for some countries, ISCOLE 

currently provides the most up-to-date and most robust data on obesity and PA in 

children. This work has identified the paucity of comparable country data around the 

world and highlighted the importance of large, multi-national studies like ISCOLE. 

3.2.6 Canadian Assessment of Physical Literacy (CAPL) 
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The CAPL is a battery of tests designed to assess physical literacy, or the capacity 

to achieve a healthy, active lifestyle, in children and youth.12 The CAPL assesses physical 

literacy with four key domains: fitness (endurance, strength, flexibility, body 

composition), motor skill (gross motor skills), habitual activity (pedometer measured PA, 

self-reported SB), and cognition (attitudes, knowledge, and motivations).13 As part of 

the CAPL, children are asked to complete a Knowledge and Understanding 

questionnaire, with questions relating to their awareness of current Canadian PA and SB 

guidelines.  

CAPL data used for this project were collected across elementary schools in 

2011-2013 in Ottawa, Canada. Initial CAPL data collection occurred between 2011-2012 

and included students in grades 4-6 from elementary school across the greater Ottawa 

area (n=680, 47% boys, mean age = 10.1 years). Additional CAPL data collection 

occurred as an ancillary study as part of ISCOLE Canada. Children from the English 

Catholic and English Public school boards who consented to participate in ISCOLE were 

asked if they would like to participate in CAPL with a recruitment goal of 200 children 

(actual n=229, 37% male, mean age = 10.0 years). Accelerometer data on PA, SED, and 

sleep were taken for these participants from the ISCOLE database.  

Data used for the current analyses were taken from the Knowledge and 

Understanding questionnaire (Appendix H and https://www.capl-ecsfp.ca/capl-

manual/previously named the Cognitive Domain Questionnaire), which was 

administered during class time by a trained researcher. Children were asked the main 

messages of current PA and SB guidelines. It is important to note that the questionnaire 

https://www.capl-ecsfp.ca/capl-manual/
https://www.capl-ecsfp.ca/capl-manual/
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focused on the main message of the PA guideline (i.e., participating in 60 minutes of 

MVPA per day), and about the ST within the SB guidelines (i.e., watching Җ2 hours of 

recreational ST per day). Children were not asked about all caveats of the guidelines. 

Children were asked what they would do to improve a sports skill, what they 

would do if they wanted to improve their fitness and what activity they would prefer to 

do after school (e.g., watching TV or walking their dog) to reflect on their current activity 

level, and to compare their skills related to physical activity to their peers. Additional 

details on questions and data reduction procedures can be found in Manuscript 1. 

3.3 Analytical plan 

SAS 9.4 (SAS Institute Incorporated, North Carolina, USA) was used for all 

statistical analyses. Descriptive information (means, standard deviations, frequencies as 

appropriate) was calculated for demographic and anthropometric characteristics of all 

participants and their parents where applicable. Unpaired t-tests and chi-square tests 

were used to test differences between boys and girls. For manuscript 1, in the ISCOLE-

CAPL subsample, analysis of covariance (ANCOVA) was used to determine the 

relationship between habitual activity (MVPA, SED, and ST), and knowledge of 

guidelines (PA and ST), and self-perceptions of PA. All manuscripts employed multi-level 

general linear models (PROC MIXED) to account for the hierarchical nature of the data. 

All analysis will be done for the total sample, and then split by boys and girls to account 

for known differences in levels of SED and ST, as well as differences in potential 

correlates.14 Presenting the analysis for boys and girls separately may also provide 

insights for future research. 
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3.3.1 Multilevel modeling - background 

In the last twenty years, multi-level modeling has become a popular analysis to 

account for hierarchically organized data.15ς17 For example, it is not uncommon to 

collect data on students, nested within schools, and schools nested within school 

boards. To ignore the hierarchical nature of these data can lead to erroneous 

conclusions such as incorrect interpretation of the estimated variances, inflation of the 

likelihood of making Type 1 errors, and/or errors in interpretations of statistical 

significance.18 In the simplest terms, multilevel models can be thought of as simple 

regression models occurring at different levels. Multilevel models can then differ by the 

number of levels that are included, the type of study design (e.g., cross- sectional or 

longitudinal), the type of outcome variable (e.g., continuous, dichotomized), and the 

number of exposure variables.18 Multilevel models can also be used to help understand 

how much variance is occurring at each level of the model ς this is explained in detail 

below. 

3.3.2 Use in population health research 

Multilevel modeling helps researchers understand how individuals are 

influenced by their social context. Further, multilevel modeling can be used to 

understand how groups are related to other groups, or how individuals are related to 

each other within groups. This allows researchers to examine the relevant distributions 

of health outcomes. The distribution of variance in a health outcome should be 

calculated before the overall models are even built to understand how much variance in 

the dependent variable can be attributed to each level that has been included in the 
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model. To do this, interclass correlation coefficients (ICC) are calculated. In my work, 

ICCs were calculated to understand how much variance in level of SED and ST was due 

to individual differences. This can also be used to determine the potential impact at 

school or country level interventions. Finally, calculating the ICCs of dependent variables 

can also show if a multilevel analysis is needed. If the ICC is zero, then no variation exists 

at higher levels (e.g., school or country) and all the variation exists at the individual 

level, in which case multilevel analysis is not required.  

Table 3.4 provides a partial SAS output to show how to calculate interclass 

coefficients were calculated in Manuscript 3 for SED (with both school and site as 

random effects). Similar calculations were completed for Manuscript 2, and to 

determine the variance in ST. 

Table 3.4. SAS output to calculate interclass correlation coefficients.  

Covariance Parameter Estimates 

Cov Parm Subject Estimate 

Intercept school_ID(SITE_ID) 433.82 

Intercept SITE_ID 631.48 

Residual  3781.01 

 
ICCschool =   2̀

school  
 

2̀
estimate Ҍ ˋ 2

school Ҍ ˋ 2
site 

 = 433.82  
 4,846.31 
= лΦлуфр όҒф҈ύ 

 
 

ICCsite  =   2̀
site  

 

2̀
estimate Ҍ ˋ 2

school Ҍ ˋ 2
site 

= 631.48  
 4,846.31 
= лΦмоло όҒмо҈ύ 
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This indicates that approximately 78% of the variability in total SED can be attributed to 

individual level differences, 9% can be attributed to school level differences, and 13% 

attributed to country level differences. This information can also help when interpreting 

and making recommendations for public health interventions.  

3.3.3 Model building process 

A quick scan of recent research shows that there are many different approaches 

to the model building process. However, the ultimate goal is always to estimate the 

model(s) that best fit the data. Bell et al.18 provide a comprehensive guide on model 

building using SAS (PROC MIXED). For this work, the model building process was partly 

informed by the socio-ecological model, as proposed by Owen et al.19 This is in line with 

the assumption that ŎƘƛƭŘǊŜƴΩǎ Ƙŀōƛǘǳŀƭ ōŜƘŀǾƛƻǳǊǎ ŀǊŜ ŀ ǊŜǎǳƭǘ ƻŦ Ƴǳƭǘiple competing 

and interacting influences. Below is an example of the models that were used in this 

work.  

Table 3.5. Model building process18 

Model 1 Model 2 Model 3 
- No predictors, just the random 

effect for the intercept 
- The output from this is used to 

calculate the interclass 
coefficients to understand how 
much variance is occurring at 
each level 

- Model + level 1 random effect. 
- This is used in Manuscript 1, 

keeping school as a random 
effect. 

- Adding in different potential 
correlates as they pertain to 
different socio-ecological 
domains. 

- Can be used with, or without 
covariates. 

- Model + level 1 and level 2 
random effects. 

- This is used in Manuscript 3, 
keeping school and ISCOLE site 
as a random effect. 

- Adding in different potential 
correlates as they pertain to 
different socio-ecological 
domains. 

- Can be used with, or without 
covariates. 

 

First, the model is run with no predictors to calculate ICCs. Then, we added 

various correlates, along with potential correlates we wanted to test. For manuscript 2, 

17 potential correlates were tested within the model; for manuscript 3, this list was 
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expanded to include some additional neighborhood variables and included 21 potential 

correlates. The majority of information for potential correlates was obtained via child- 

and parent-report questionnaire. Details on all potential correlates, how the 

information was collected, and how they were treated in analysis can be found in 

Manuscripts 2 and 3. For Manuscripts 2 and 3, accelerometer measured SED, and self-

reported ST were included as dependent variables. To satisfy the assumption of 

normality required in multilevel modeling, ST was log transformed for analysis.18 

Analysis for SED and ST were completed separately. To test associations between 

potential correlates and total SED or ST, potential correlates were first included in 

univariate models (including relevant covariates); variables that were at least marginally 

significant (p<0.10) were subsequently included in domain-specific models similar to 

those outlined in the socio- ecological model proposed by Owen et al. for SED19 (i.e., 

biological characteristics, behavioural characteristics, parental characteristics, and home 

and neighborhood environment). Variables that showed at least marginally significant 

associations (p<0.10) with SED or ST in the domain-specific models were included in the 

final model. Variables that remained significant (p<0.05) in the final model were 

considered correlates of SED and/or ST. In Manuscript 3, to show differences in levels of 

SED and ST between boys and girls in each site, we ran sex by site interactions and 

computed the least square means (LSMEANS) of fixed effects. We also ran the final 

models separately in each ISCOLE site to determine which correlates were the most 

common. 
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Multilevel analysis summarizes the distribution in terms of two parts ς a fixed 

part that is unchanging across groups, and a random part that is allowed to vary from 

group to group. For Manuscript 2, school was treated as a random effect; Manuscript 3 

had an additional level and both school and ISCOLE site were treated as random effects. 

This allowed us to calculate associations across the entire ISCOLE dataset. If we had 

wanted to look at differences between countries, we would have kept ISCOLE site as a 

fixed effect. However, since we were examining such a large number of potential 

correlates, this was not feasible. Appendix I provides a sample SAS code that was run 

with additional analysis notes. 

Within the model statement, it is also important to specify which estimation 

should be used to handle degrees of freedom (of which SAS provides many options). A 

more comprehensive explanation can be found elsewhere but it should be mentioned 

that the two most commonly used estimates are Satterthwaite and the Kenward-Roger 

because they are well suited to be used in models with unbalanced designs and are able 

to handle complex covariance structures.20 The Kenward-Roger approximation 

(DDFM=KR) was used here as it also adjusts for small sample size bias.18 

3.3.4 Strengths and limitations of multilevel modeling 

The biggest strength of multilevel modeling is that it allows for the simultaneous 

examination of the effects of group level and individual level predictors on your 

dependent variable. This helps researchers to avoid the ecological fallacy, which is 

inherent in most other regression models. The ecological fallacy occurs when inferences 

from the nature of individuals (e.g., reasons for increased SED) are deduced from 
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inferences from the group to which the individual belongs.15 Multilevel models also tend 

to outperform traditional regression in predictive accuracy. Further, traditional analysis 

models can produce excessive Type 1 errors and biased parameter estimates.21,22 

However, multilevel modeling does come with some limitations. First of all, statistical 

techniques used in multilevel modeling are relatively advanced and therefore difficult 

for many researchers. The complexity of statistical knowledge needed to run multilevel 

modelling also means that there is opportunity to misinterpret findings. Multilevel 

modeling also assumes normality in dependent variables; meaning researchers may 

have to transform (and back transform) their data for analysis and interpretation. 

Finally, calculation of effect size is not as straightforward as with other regression 

models and currently no consensus exists to the most appropriate approach to use.22 

Multilevel modeling procedures, as they relate to each manuscript, are explained 

further in Chapter 4. 
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Chapter 4 

wŜǎŜŀǊŎƘ wŜǎǳƭǘǎ 

4.1 Canadian physical activity and screen time guidelines: are children aware? 

This manuscript has been written and formatted to adhere to the specifications for 

submission to the Journal of School Health (currently under review). 
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BACKGROUND: A recent review reported that few parents, or caregivers are aware of 

current physical activity (PA), or screen time (ST) guidelines. No study has examined 

ŎƘƛƭŘǊŜƴΩǎ ŀǿŀǊŜƴŜǎǎΦ ¢Ƙƛǎ ǎǘǳŘȅ ŀƛƳŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ /ŀƴŀŘƛŀƴ 

children who could correctly identify PA and ST guidelines.  

METHODS: Data were obtained through the Canadian Assessment of Physical Literacy 

(CAPL)(n=787, 46.6% boys) and a CAPL sub-sample of the International Study of 

Childhood Obesity, Lifestyle and the Environment (ISCOLE) (n=223, 38.1% boys). PA and 

sedentary behaviour were measured by accelerometry; ST was measured via self-report. 

RESULTS: Most children (71.6%) correctly identified PA guidelines; 20.0% correctly 

identified ST guidelines. The majority of children knew they should try exercising and 

being more active to improve a sports skill (63.7%) or improve their fitness (88.2%). In 

ŀŘƧǳǎǘŜŘ ƳƻŘŜƭǎΣ ŎƘƛƭŘǊŜƴΩǎ ŀōƛƭƛǘȅ ǘƻ ŎƻǊǊŜŎǘƭȅ ƛŘŜƴǘƛŦȅ ƎǳƛŘŜƭƛƴŜǎ ŘƛŘ ƴƻǘ ŘƛŦŦŜǊ ōȅ 

activity level. Adjusted models showed significant associations between PA, ST, and self-

perceptions of PA. No associations were found with sedentary time.  
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CONCLUSION: Regardless of activity level, children correctly identified current PA 

guidelines; fewer children could identify ST guidelines. Given the low proportion of 

children meeting current guidelines, it may be beneficial to highlight them in the school 

curriculum.
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With the aim of helping parents, caregivers, and health care providers to 

improve activity habits of children, the Canadian Society for Exercise Physiology (CSEP) 

released evidence-informed Canadian physical activity (PA) and sedentary behaviour 

(guidelines for children and youth.1ς3 The guidelines are based on the best available 

evidence, and developed in partnership with researchers, government representatives, 

and stakeholders from across Canada.4,5 

The PA guidelines recommend that children and youth participate in at least 60 

minutes of moderate- to vigorous-intensity physical activity (MVPA) daily, including 

incorporating vigorous-intensity activities, and activities that strengthen muscle and 

bone at least three days per week.1 Meeting the guidelines is associated with better 

cardio-metabolic health, lower prevalence of overweight/obesity, and improved bone 

health and mental health.4 Sedentary behaviour guidelines recommend that children 

and youth should minimize the time they spend being sedentary each day. Specifically, 

the sedentary guidelines recommend limiting recreational screen time (ST) to no more 

than 2 hours per day, limiting sedentary (i.e., motorized) transport, extended time spent 

sitting, and time spent indoors throughout the day.2 

Since the release of the PA and sedentary behaviour guidelines, many studies in 

Canada, and elsewhere, have examined the health benefits of adhering to the 

ƎǳƛŘŜƭƛƴŜǎΤ ƘƻǿŜǾŜǊΣ ƭƛǘǘƭŜ ǿƻǊƪ Ƙŀǎ ōŜŜƴ ŘƻƴŜ ǘƻ ŜȄŀƳƛƴŜ ŎƘƛƭŘǊŜƴΩǎ ƻǿƴ ƪƴƻǿƭŜŘƎŜ ƻǊ 

understanding of the guidelines. A recent review showed the paucity of research in this 

area, and highlighted low awareness of PA and sedentary behaviour guidelines from 

parents, the general public, and health care providers.6 Carson et al.,7 examined 
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paediatrician awareness, agreement, and use of the PA and sedentary behaviour 

guidelines and reported that less than 10% of those sampled were familiar with the PA 

and sedentary behaviour guidelines for the early years, children, and youth. Results 

from a ParticipACTION report also showed low awareness of the guidelines among the 

general population and mothers.6 Eight percent of the general public and 12% of moms 

responded that they had heard of the PA guidelines; 3% of the general public and 3% of 

moms had heard of the sedentary behaviour guidelines. The review was not able to 

identify any studies that asked children directly about their knowledge, or 

understanding of the guidelines.8  

The primary aim of this study was to determine the proportion of Canadian 

children who could correctly identify current PA and sedentary behaviour guidelines 

(specifically related to ST guidelines) in prompted questioning. Children were also asked 

questions about their self-perceptions of PA, and how they could improve their sports 

skills and fitness level. In a subsample of participants, we examined if guideline 

knowledge, or self-perceptions of PA were associated with accelerometer measured PA, 

accelerometer measured total sedentary time (SED), or self-reported ST.  

METHODS 

Participants 

Canadian Assessment of Physical Literacy 

The Canadian Assessment of Physical Literacy (CAPL) is a battery of tests 

designed to assess physical literacy defined here as the capacity to achieve a healthy, 

active lifestyle, in children and youth.9,10 Data used here were collected in 2011-2012 
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through elementary schools (grades 1-8, ages 6-14 years) across Ottawa, Ontario. 

Selected English Catholic schools in Ottawa and English public schools in Eastern Ontario 

were invited to participate in the CAPL assessments and all students in the classes who 

volunteered to participate received a study information package to take home. The 

information package explained the study procedures and included the parent consent 

form. Children who completed the CAPL assessment were included in the current 

analysis (n=787, 47.2% boys). This analysis included CAPL assessments for motivation 

and confidence (measured via self-report questionnaire), and knowledge, awareness 

and understanding of PA (measured via self-report questionnaire). 

The International Study of Childhood Obesity, Lifestyle and the Environment 

The International Study of Childhood Obesity, Lifestyle and the Environment 

(ISCOLE) is a multi-national, cross-sectional study conducted in 12 countries around the 

world. Details on ISCOLE methodology have been published elsewhere.11 Data for 

ISCOLE were collected from Grade 5 students (aged 9-11 years) from four school boards: 

English Public, French Public, English Catholic, and French Catholic across the Ottawa, 

Ontario region. As part of ISCOLE-Canada, the CAPL was administered as an ancillary 

study such that schools from the English Public, and the English Catholic schools that 

participated in ISCOLE were invited to participate in CAPL until a sample size of 200 

children was reached. Data collection for ISCOLE-CAPL occurred in spring 2013 with 

about half of those who consented to participate in ISCOLE providing complete CAPL 

data (n=223, 38.1% boys). Additional information on daily activity (i.e., accelerometer 

measured information on PA and SED, self-reported ST), parental education, and 
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maturity offset was also extracted for these children from the main ISCOLE-Canada 

database. 

Ethics approval for CAPL, ISCOLE, and ISCOLE-CAPL was provided by the research 

ŜǘƘƛŎǎ ōƻŀǊŘ ŀǘ ǘƘŜ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ ƻŦ 9ŀǎǘŜǊƴ hƴǘŀǊƛƻΣ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ hǘǘŀǿŀΣ ŀƴŘ 

the participating school boards. Written informed parental consent and child assent 

were obtained from all participants. 

Instrumentation 

Knowledge of the guidelines and perceptions of physical activity 

The Knowledge and Understanding questionnaire (https://www.capl-

ecsfp.ca/capl-manual/) was administered during class time by a trained researcher; 

children were instructed to read and answer the questions independently, but 

clarification was provided if requested. The researcher emphasized that the questions 

asked about the childrenΩǎ ƻǿƴ ƻǇƛƴƛƻƴǎΣ ǘƘŀǘ ǘƘŜǊŜ ǿŜǊŜ ƴƻ ǊƛƎƘǘ ƻǊ ǿǊƻƴƎ ŀƴǎǿŜǊǎΣ 

and if uncertain, children should answer to the best of their knowledge (multiple choice 

answers were provided). Questions regarding knowledge of PA and ST guidelines were 

re-coded as binary variables to reflect correct (and incorrect) responses. It is important 

to note that the questionnaire only asked about the main message of the PA guidelines 

(i.e., accumulating 60 minutes of MVPA daily), and about the screen time within the SB 

guidelines (i.e., limiting recreational screen time to no more than 2 hours per day). In 

other words, children were not asked about all aspects of the guidelines. 

Children were asked about what they would do to improve a sports skill, and 

what they would do if they wanted to improve their fitness. For both questions, there 

https://www.capl-ecsfp.ca/capl-manual/
https://www.capl-ecsfp.ca/capl-manual/
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ǿŜǊŜ ŦƻǳǊ ǇƻǎǎƛōƭŜ ǊŜǎǇƻƴǎŜǎΥ άǊŜŀŘ ŀ ōƻƻƪέΣ άǿŀƛǘ ǳƴǘƛƭ ȅƻǳ ƎŜǘ ƻƭŘŜǊέΣ άǘǊȅ ŜȄŜǊŎƛǎƛƴƎ 

ƻǊ ōŜƛƴƎ ƳƻǊŜ ŀŎǘƛǾŜέΣ ƻǊ άǘŀƪŜ ŀ ƭŜǎǎƻƴέΦ /ƘƛƭŘǊŜƴ ǿŜǊŜ ŀƭǎƻ ŀǎƪŜŘ ǿƘŀǘ ǘƘŜȅ ǿƻǳƭŘ 

prefer to do after school. AnsǿŜǊǎ ǘƻ ǘƘƛǎ ǉǳŜǎǘƛƻƴ ǿŜǊŜ ŘƛŎƘƻǘƻƳƛȊŜŘ ŀǎ άǎŜŘŜƴǘŀǊȅέ ƻǊ 

άŀŎǘƛǾŜέ όǎŜŘŜƴǘŀǊȅΥ Ǉƭŀȅ ǾƛŘŜƻκŎƻƳǇǳǘŜǊ ƎŀƳŜǎΣ ǊŜŀŘΣ ƘƻƳŜǿƻǊƪΣ ŎƘŀǘ ǿƛǘƘ ŦǊƛŜƴŘǎ 

ƻƴƭƛƴŜΣ ǿŀǘŎƘ ¢±Τ ŀŎǘƛǾŜΥ Ǉƭŀȅ ǿƛǘƘ ŦǊƛŜƴŘǎ ŀǘ ǘƘŜ ǇƭŀȅƎǊƻǳƴŘΣ Ǝƻ ǘƻ Ƴȅ ǎǇƻǊǘǎ ǘŜŀƳΩǎ 

practice, walk my dog). Questions relating to self-perceptions of PA were asked on a 

scale of 1-10 (1 being the lowest, 10 being the highest). Participant responses were 

analyzed as a continuous variable but participant response rate is presented in tertiles, 

to reflect the wording of the questions. Importance of increasing current activity is 

ǇǊŜǎŜƴǘŜŘ ŀǎΥ άLΩƳ ŀƭǊŜŀŘȅ ŀŎǘƛǾŜ ŜƴƻǳƎƘέ όǎŎƻǊŜΥ м-оύΣ άL ƴŜŜŘ ǘƻ ōŜ ŀ ƭƛǘǘƭŜ ƳƻǊŜ ŀŎǘƛǾŜέ 

(score: 4-тύΣ ŀƴŘ άL ƴŜŜŘ ǘƻ ōŜ ŀ ƭƻǘ ƳƻǊŜ ŀŎǘƛǾŜέ όǎŎƻǊŜΥ у-10). Comparing their own skill 

level to thaǘ ƻŦ ǘƘŜƛǊ ǇŜŜǊǎ ƛǎ ǇǊŜǎŜƴǘŜŘ ŀǎΥ άƻǘƘŜǊǎ ŀǊŜ ōŜǘǘŜǊέ όǎŎƻǊŜΥ м-оύΣ άǎŀƳŜέ 

(score: 4-тύΣ ŀƴŘ άLΩƳ ŀ ƭƻǘ ōŜǘǘŜǊέ όǎŎƻǊŜΥ у-10). 

Anthropometrics 

Anthropometrics were measured by trained researchers according to standard 

procedures.11 In both CAPL, and ISCOLE-CAPL, height was measured to the nearest 0.1 

cm using a SECA portable stadiometer (Medical Scales and Measuring Systems, 

England). In CAPL, weight was measured to the nearest 0.1 kg with a digital scale (A&D 

Medical Engineering Inc, USA). In ISCOLE-CAPL, weight (to the nearest 0.1 kg) was 

measured using a portable Tanita SC-240 Body Composition Analyzer (Arlington Heights, 

IL, USA). Body mass index (BMI) was calculated (kg/m2) and age- and sex-specific BMI z-

scores were determined using the CDC growth charts.12  
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Habitual activity 

Participants from the ISCOLE-CAPL subsample were asked to wear the ActiGraph 

GT3X+ triaxial accelerometer (ActiGraph LLC, Pensacola, FL, USA). Participants wore the 

accelerometer, attached to an elastic belt around the waist (at the right mid-axillary 

line), for 7 consecutive days, 24 hours per day, removing only for aquatic activities (e.g., 

bathing, swimming).13,14 To increase compliance, study staff instructed children on how 

to wear the accelerometer during the initial in-school assessment, conducted an in-

person compliance check and contacted participants twice via telephone to ensure they 

were wearing the device, and to address any questions. To be included in the ISCOLE 

dataset, participants were required to provide at least four days of valid measurements 

(including at least one weekend day), with at least 10 hours of waking wear time per 

day.15,16 Data were collected at a sampling rate of 80 Hz, downloaded in 1-second 

epochs, and aggregated to 15-second epochs.17 moderate- to vigorous-intensity PA 

(MVPA) and SED were defined consistent with widely used cut-offs from Evenson et 

al.,17 (i.e., sedentary: 0-25 counts/15 seconds, light: 26-573 counts/15 seconds, 

moderate-to-ǾƛƎƻǊƻǳǎΥ җртп Ŏƻǳƴǘǎκмр ǎŜŎƻƴŘǎύΦ 

Self-reported screen time 

Child-report screen time was captured as part of the ISCOLE Diet and Lifestyle 

Questionnaire and included here to examine its relationship with knowledge of screen 

time guidelines11. Children were asked how many hours they typically watched 

television (TV), and how many hours they played video games and/or used the 

computer per week day, and per weekend day. Responses were: 0= I did not watch TV, 
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1= less than, or one hour of TV, 2= 2 hours, 3= 3 hours, 4= 4 hours, 5= 5 or more hours 

of TV. A weighted mean score of hours of screen time per week was then calculated as 

follows: [(hours of TV on weekdays x 5) + (hours of TV on weekend days x 2) + (hours of 

video games and computers on weekdays x 5) + (hours of video games and computers 

on weekend days x 2)]/7. For analysis, this is presented as a screen time score, rather 

than total hours of screen time since after 5 hours per day, we could not ascertain the 

ǇŀǊǘƛŎƛǇŀƴǘΩǎ ŀŎǘǳŀƭ ŀƳƻǳƴǘ ƻŦ ǎŎǊŜŜƴ ǘƛƳŜΦ !ŦǘŜǊ ǘŜǎǘƛƴƎ ŦƻǊ ƴƻǊƳŀƭƛǘȅΣ {¢ ǿŀǎ ƭƻƎ-

transformed for analysis and analyzed as a continuous variable. ST was also presented 

as those who did not meet ST guidelines of Җн ƘƻǳǊǎκŘŀȅ.2 

Additional covariates 

 Sex, waist circumference, maturity offset, parental education (mother and 

father) were included as covariates in models when determining the relationship 

between activity status, knowledge of the guidelines, and perceptions of PA. Biological 

maturity was estimated using the maturity offset method, which estimates an 

ƛƴŘƛǾƛŘǳŀƭΩǎ ŀƎŜ ŦǊƻƳ ǇŜŀƪ ƘŜƛƎƘǘ ǾŜƭƻŎƛǘȅ όŦǊƻƳ ƘŜƛƎƘǘΣ ǎƛǘǘƛƴƎ ƘŜƛƎƘǘΣ ōƻŘȅ ƳŀǎǎΣ ŀƴŘ 

chronological age).18 Maturity offset was included as a covariate instead of age since the 

age range for the ISCOLE-CAPL subsample was so narrow, and maturity has been shown 

to be significantly associated with habitual activity.19 Highest parental-report education 

was used to estimate socio-economic status.  

Data analysis 

Statistical analyses were completed using SAS 9.4 (SAS Institute Inc., North 

Carolina, U.S.A). Descriptive information (mean, standard deviation) was calculated for 
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demographic and anthropometric characteristics of all participants. Independent 

samples t-tests and chi-squared tests were used to determine differences between CAPL 

and ISCOLE-CAPL, and between boys and girls. In the ISCOLE-CAPL subsample, additional 

analysis was performed related to guideline awareness. Multilevel general linear models 

(PROC MIXED), including school as a random effect, were used to determine the 

relationship between guideline awareness and measures of directly measured activity 

status (i.e., MVPA and SED), ST, and self-perceptions of PA.20 The Kenward-Roger 

approximation (DDFM=KR) was used to calculate degrees of freedom.21 Multicollinearity 

was tested using tolerance and variance inflation factors, and results indicated no issues 

with multicollinearity.22 Interclass correlation coefficients were calculated to determine 

the amount of variation in PA, SED, and ST that was attributable to the individual, and to 

the school level. 

RESULTS 

Participant characteristics are presented in Table 1. Children from ISCOLE-CAPL 

(n=223) had smaller waist circumferences [mean difference = -6.7 cm (95% CI: -6.15, -

3.23), p<0.0001)] and lower BMI z-score [mean difference = -0.26 (95% CI: -.042, -0.11), 

p=0.0008] than children from the CAPL (n=787) group. Within the ISCOLE-CAPL sample, 

boys had a higher waist circumference (p=0.021) and BMI z-score (p=0.021) than girls. 

There were no differences between boys and girls within the CAPL sample. In the 

ISCOLE-CAPL subsample, the largest fraction of the total variance in MVPA, sedentary 

behaviour, and screen time was explained by individual-level factors (89%, 89%, and 

88% respectively), with the remainder explained by school level differences. 
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Knowledge of physical activity and screen time guidelines 

5ŀǘŀ ƻƴ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ƪƴƻǿƭŜŘƎŜ ƻŦ t! ŀƴŘ {¢ ƎǳƛŘŜƭƛƴŜǎΣ ƛƴŎƭǳŘƛƴƎ ǇŀǊǘƛŎƛǇŀƴǘǎ 

from CAPL and ISCOLE-CAPL, are presented in Table 2. In prompted questioning, the 

large majority of boys (72.3%) and girls (70.8%) were able to correctly identify that they 

should accumulate 60 minutes of MVPA daily. Fewer children were able to correctly 

identify ST guidelines; boys were more likely to correctly identify ST guidelines than girls 

(22.8% of boys, and 17.7% of girls, p=0.0475). However, a large proportion of children 

(65.2% of boys and 72.7% of girls) identified that the guidelines recommend 30 minutes, 

or 1 hour or less of screen time per day. While this is incorrect, it is in line with the 

overarching recommendation of the sedentary behaviour guidelines that recommends 

that children minimize the time they spend sedentary each day. 

Perceptions of physical activity 

ChilŘǊŜƴΩǎ ǊŜǎǇƻƴǎŜǎ ǘƻ ǘƘŜ YƴƻǿƭŜŘƎŜ ŀƴŘ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ t! ǉǳŜǎǘƛƻƴƴŀƛǊŜΣ 

including participants from CAPL and ISCOLE-CAPL, are presented in Table 2. When 

asked what the best thing to do to improve a sport skill, most children (63.7%) said that 

they should try exercising and being more active. Eight-eight percent of children also 

stated that they should try exercising and be more active if they wanted to get in better 

shape. The majority of children (64.8% of boys and 71.7% of girls, p=0.0237) stated that 

if given the choice, after school they would pick an active pursuit like playing with 

friends, or walking their dog. When comparing themselves to their peers, boys were 

ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ ǊŜǇƻǊǘ ǘƘŜȅ ǿŜǊŜ άŀ ƭƻǘ ōŜǘǘŜǊέ ŀǘ ǎǇƻǊǘǎ ƻǊ ǎƪƛƭƭǎ όпфΦо҈ ƻŦ ōƻȅǎ ǾŜǊǎǳǎ 

28.6% of girls, p<0.0001). 
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Measured physical activity  

 Of the 223 children who participated in ISCOLE-CAPL, 202 had complete 

accelerometer data. On average, they accumulated 58 minutes of MVPA and 8.5 hours 

of SED per day. Boys engaged in significantly more MVPA than girls (p<0.0001) (Table 1). 

In adjusted models, neither level of MVPA, nor SED were associated with being able to 

correctly identify PA guidelines (Figure 1, Panel A), or ST guidelines (Figure 1, Panel B). 

Similarly, in adjusted models, ST did not differ between those who could correctly 

identify PA or ST guidelines (data not shown as screen time score was log transformed 

for analysis). The relationship between MVPA and SED remained non-significant when 

including those who reported screen time guidelines as 30 minutes, or 60 minutes as 

having correctly identified the guidelines; however, with this new categorization, there 

was a negative relationship between ST and awareness of ST guidelines ( ̡=-0.25, 

standard error=0.12, p=0.0277). 

Associations between activity level and perceptions of PA are presented in Table 

3. After adjusting for covariates, children with lower levels of MVPA were less likely to 

report that they were a more active than their peers. Similarly, children who reported 

higher levels of ST were less likely to report that they were more active, or more skilled 

than their peers. Children reporting higher levels of ST were also more likely to correctly 

identify strategies to increase their fitness than children who reported lower levels of 

ST. No associations were found with SED.  

DISCUSSION 
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 This work shows that the large majority (71.6%) of children could correctly 

identify PA guidelines; fewer (20.0%) were able to correctly identify ST guidelines of 2 

ƘƻǳǊǎ ǇŜǊ ŘŀȅΣ ōǳǘ ǘƘŜ ƳŀƧƻǊƛǘȅ όуфΦп҈ύ ŎƻǊǊŜŎǘƭȅ ƛŘŜƴǘƛŦƛŜŘ ǘƘŜ ƎǳƛŘŜƭƛƴŜǎ ŀǎ Җн ƘƻǳǊǎ 

per day. We also found that most children could correctly identify strategies to increase 

their sports skills and fitness levels (i.e., try exercising or being a lot more active), and if 

given the choice would pick an active after-school pursuit. Furthermore, we determined 

that activity level was not associated with knowledge of the guidelines, but was 

associated with some self-perceptions of PA. 

Overall, children seemed to have fairly accurate self-perceptions of their activity 

status. This was especially true when looking at MVPA and ST, where children could 

correctly self-identify as being more, or less active than their peers. It was interesting 

that children who reported higher levels of ST were more likely to correctly identify 

ǎǘǊŀǘŜƎƛŜǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜƛǊ ŦƛǘƴŜǎǎΣ ǇŜǊƘŀǇǎ ōŜŎŀǳǎŜ ǘƘŜȅΩǾŜ ƘŀŘ ƳƻǊŜ ŘƛǎŎǳǎǎƛƻƴǎ ŀōƻǳǘ 

fitness than children who are already considered active. It was also interesting that we 

found no significant associations with SED. This is consistent with previous work 

suggesting that at least in children, ST, and not SED may be the more important 

behaviour.23 

Compared to previous studies examining parental knowledge of Canadian PA and 

sedentary behaviour guidelines,24,25 we found that the proportion of children able to 

correctly identify the guidelines was much higher. We could not find other studies 

ŜȄŀƳƛƴƛƴƎ ŎƘƛƭŘǊŜƴΩǎ ŀǿŀǊŜƴŜǎǎ ƻŦ t! ƎǳƛŘŜƭƛƴŜǎ όƛƴ /ŀƴŀŘŀΣ ƻǊ ŜƭǎŜǿƘŜǊŜύΣ ǎƻ ƛǘ ƛǎ 

possible that low levels of awareness are limited to adults. This may be in part due to 
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the fact that children are taught about PA during school, whereas adults may not have 

been recently exposed to guideline-specific information. It is also possible that children 

simply guessed the correct answer. This is a limitation associated with prompted 

questioning and the questionnaires used for this study. However, previous results from 

prompted questioning in adults show awareness at close to 30%, which is still much 

lower than what was shown in the current analysis.6 

We speculate that there are several potential reasons why most children were 

not able to correctly identify ST guidelines. The first is that the overarching message 

associated with the sedentary behaviour guidelines is to reduce sedentary behaviour, 

limiting ST to no more than 2 hours per day is a bullet point of the guidelines, and 

therefore it is possible that it is lost in the messaging. Work from ParticipACTION 

showed that the general population, as well as moms of children aged 5-11 years, were 

Ƴƻǎǘ ƭƛƪŜƭȅ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ǎǘŀǘŜƳŜƴǘ άƭƻǿŜǊ ƭŜǾŜƭǎ ƻŦ ǎŎǊŜŜƴ ǘƛƳŜ ŀǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 

ŀŘŘƛǘƛƻƴŀƭ ƘŜŀƭǘƘ ōŜƴŜŦƛǘǎέ ŀǎ ǘƘŜ Ƴŀƛƴ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ǎŜŘŜƴǘŀǊȅ ōŜƘŀǾƛƻǳǊ 

ƎǳƛŘŜƭƛƴŜǎΣ ŀƴŘ ƴƻǘ άƭƛƳƛǘ ǎŎǊŜŜƴ ǘƛƳŜ ǘƻ ƭŜǎǎ ǘƘŀƴ ǘǿƻ ƘƻǳǊǎ ǇŜǊ ŘŀȅέΦ2  

Future work should examine which components of the guidelines children are 

able to identify, and what can be done to improve this knowledge. Another possible 

reason why children are unaware of ST guidelines is that they are entirely unaware of 

the concept of sedentary behaviour, or sedentary behaviour guidelines. ParticipACTION 

showed that 70% of the general population, and 66% of moms had never heard of the 

sedentary behaviour guidelines and did not know the main components of the 

guidelines.6 Low levels of awareness of the SB guidelines may be in part due to the 
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terminology used; children may be familiar with the concept of screen time but they 

may not understand the concept of SB as a distinct health risk factor. The concept of 

sedentary behaviour is relatively new, and only recently have researchers come to 

consensus on its definition.26 Therefore it is possible that sedentary behaviour 

guidelines are undervalued by health promoters (e.g., teachers, parents, health care 

providers), in favour of promoting the PA guidelines. Future work should examine if re-

branding these guidelines as screen time guidelines could improve awareness. 

Limitations 

CAPL is a large, multi-site study that provides a comprehensive examination on a 

large group of children. ISCOLE-CAPL provides the added benefit of directly measured 

habitual activity, and a more comprehensive set of surveys, including parental and 

household characteristics. Adding the CAPL, and ISCOLE-CAPL samples together provides 

the largest, and most up-to-ŘŀǘŜ ŜȄŀƳƛƴŀǘƛƻƴ ƻŦ ŎƘƛƭŘǊŜƴΩǎ ŀǿŀǊŜƴŜǎǎ ƻŦ /ŀƴŀŘƛŀƴ t! 

and ST guidelines. Researchers from CAPL, and ISCOLE-CAPL received comprehensive 

training and were provided consistent feedback before and during survey administration 

to minimize potential bias. Additionally, accelerometers have been shown to be a valid 

tool to measure activity of all levels of intensity. However, it is well understood that a 

hip-placed monitor is less effective in distinguishing sedentary postures, and cannot 

accurately capture upper body movements, cycling, or activities when the monitor is 

removed (e.g., swimming). For ISCOLE, algorithms were used to distinguish sleep from 

SED. The algorithms have been validated and published,13 and accelerometer cut points 

for SED have high sensitivity,17 but there is always the possibility of misclassification. It is 
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important to note that this study relies predominantly on information from child-report 

questionnaires. Specifically, information related to guideline awareness was obtained 

via prompted questioning and may be biased. The child may also have simply chosen 

ǘƘŜ ŎƻǊǊŜŎǘ ǊŜǎǇƻƴǎŜ ōȅ ŎƘŀƴŎŜΦ ¢ƻ ǇǊƻǾƛŘŜ ŎƻƴǘŜȄǘ ŦƻǊ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ǊŜǎǇƻƴǎŜǎΣ ƛǘ 

would have been beneficial for teachers and parents to provide information on their 

knowledge of PA guidelines and habitual levels of PA as well. Finally, it is important to 

note that this study is limited to a small geographic region, so generalizability of the 

results may be limited. 

Conclusions 

 This study provides encouraging ǊŜǎǳƭǘǎ ŀōƻǳǘ ŎƘƛƭŘǊŜƴΩǎ ƪƴƻǿƭŜŘƎŜ ƻŦ ŎǳǊǊŜƴǘ 

PA guidelines. It is less encouraging that relatively few children are able to correctly 

identify ST guidelines, but provides areas of opportunity to improve messaging 

associated with the guidelines. This research also shows that children with more 

favourable measures of activity (i.e., higher levels of PA, lower levels of SED and ST), had 

better self-perceptions of physical activity. Guideline awareness provides important 

information on overall effectiveness of knowledge dissemination among the general 

public. Naturally, it will take some time for the guidelines to make their way in to 

mainstream educational material. It is important to continue to monitor progress and 

develop new and innovative ways (e.g., Twitter, Facebook27) to disseminate information 

about the guidelines to health care providers, and the general public.  

IMPLICATIONS FOR SCHOOL HEALTH 
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 Year after year we are seeing that children are not meeting physical activity 

guidelines, engaging in substantial amounts of sedentary behaviour, and accumulating 

excessive amounts of ST.28 However, children typically engage in more PA, and less 

sedentary behaviour during weekdays compared to weekends.29 Suggesting that the 

school day may provide a good opportunity to teach children about the importance of 

healthy lifestyle behaviours including improving self-perceptions of PA, and increase 

their knowledge about public health guidelines. In fact, in 2015, the Canadian Physical 

Activity and Sedentary Behaviour Guidelines were included in the Ontario Health and 

Physical Education Curriculum.30 This provides educators with a dedicated time to have 

these discussions with students, and will hopefully lead to increased awareness. This 

also means that researchers will need to make concerted efforts to continue to monitor 

and evaluate awareness of the guidelines while providing parents, caregivers, and 

teachers the tools they need to disseminate the information.  
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Hospital of Eastern Ontario, the University of Ottawa, and the participating school 

boards. Written informed parental consent and child assent were obtained for all 

participants.    

ACKNOWLEDGEMENTS 

We thank Priscilla Bélanger, Claire Francis, Jessica McNeil, Hadiza Amedu-Ode 

and Nina Azoug-Boneault for their role in data collection for the Canadian site of ISCOLE 

and CAPL data collection. We also thank the Coordinating Center of ISCOLE in Baton 



 

 93 

Rouge, Louisiana, specifically Drs. Peter Katzmarzyk and Timothy Church. We also thank 

the study participants along with their parents, teachers and school principals for their 

involvement in the study. ISCOLE was funded by the Coca-Cola Company. The funder 

had no role in study design, data collection and analysis, decision to publish or 

preparation of this manuscript.   



 

 94 

REFERENCES 

1.  Tremblay MS, Warburton DER, Janssen I, Paterson DH, Latimer AE, Rhodes RE, 

Kho ME, Hicks A, LeBlanc AG, Zehr L, Murumets K, Duggan M. New Canadian Physical 

Activity Guidelines. Appl. Physiol. Nutr. Metab. 2011;36(1):36-46. doi:10.1139/H11-009. 

2.  Tremblay MS, LeBlanc AG, Janssen I, Kho ME, Hicks A, Murumets K, Colley RC, 

Duggan M. Canadian Sedentary Behaviour Guidelines for Children and Youth. Appl. 

Physiol. Nutr. Metab. 2011;36(1):59-64. doi:10.1139/H11-012. 

3.  Tremblay MS, Shephard RJ, Brawley LR, Cameron C, Craig CL, Duggan M, Esliger 

DW, Hearst W, Hicks A, Janssen I, Katzmarzyk PT, Latimer AE, Martin Ginis KA, McGuire 

A, Paterson DH, Sharratt M, Spence JC, Timmons B, Warburton D, Young TK, Zehr L. 

Physical activity guidelines and guides for Canadians: facts and future. Appl. Physiol. 

Nutr. Metab. 2007;32(S2E):S218-S224. doi:10.1139/H07-125. 

4.  Janssen I, LeBlanc AG. Systematic review of the health benefits of physical 

activity and fitness in school-aged children and youth. Int. J. Behav. Nutr. Phys. Act. 

2010;7(1):40. doi:10.1186/1479-5868-7-40. 

5.  Tremblay MS, LeBlanc AG, Kho ME, Saunders TJ, Larouche R, Colley RC, Goldfield 

G, Gorber SC. Systematic review of sedentary behaviour and health indicators in school-

aged children and youth. Int. J. Behav. Nutr. Phys. Act. 2011;8(1):98. doi:10.1186/1479-

5868-8-98. 

6.  LeBlanc AG, Berry T, Deshpande S, Duggan M, Faulkner G, Latimer-Cheung AE, 

hΩwŜƛƭƭȅ bΣ wƘƻŘŜǎ w9Σ {ǇŜƴŎŜ W/Σ ¢ǊŜƳōƭŀȅ a{Φ YƴƻǿƭŜŘƎŜ ŀƴŘ ŀǿŀǊŜƴŜǎǎ ƻŦ /ŀƴŀŘƛŀƴ 



 

 95 

Physical Activity and Sedentary Behaviour Guidelines: a synthesis of existing evidence. 

Appl. Physiol. Nutr. Metab. 2015;40(7):716-724. doi:10.1139/apnm-2014-0464. 

7.  Carsoƴ ±Σ [Ŝ.ƭŀƴŎ /aΣ aƻŜǊŀǳ 9Σ ¢ǊŜƳōƭŀȅ a{Φ tŀŜŘƛŀǘǊƛŎƛŀƴǎΩ ŀǿŀǊŜƴŜǎǎ ƻŦΣ 

agreement with and use of the new Canadian Physical Activity and Sedentary Behaviour 

Guidelines for children and youth zero to 17 years of age. Paediatr. Child Health 

2013;18(10):538-542. 

8.  LeBlanc AG, Berry T, Deshpande S, Duggan M, Faulkner G, Latimer-Cheung A, 

hΩwŜƛƭƭȅ bΣ wƘƻŘŜǎ wΣ {ǇŜƴŎŜ W/Σ ¢ǊŜƳōƭŀȅ a{Φ YƴƻǿƭŜŘƎŜΣ ŀǿŀǊŜƴŜǎǎΣ ŀƴŘ ǳǇǘŀƪŜ ƻŦ 

Canadian physical activity and sedentary behaviour guidelines. Appl. Physiol. Nutr. 

Metab. 2014;39(S1):27. 

9.  Longmuir P. Understanding the physical literacy journal of children: the Canadian 

Assessment of Physical Literacy. Int. Counc. Sport Sci. Phys. Educ. 2013;65:276-282. 

10.  Longmuir P, Boyer C, Lloyd M, Yang Y, Boiarskaia E, Zhu W, Tremblay MS. The 

Canadian Assessment of Physical Literacy: methods for children in grades 4 to 6 (8 to 12 

years). BMC Public Health 2015;15:767. 

11.  Katzmarzyk PT, Barreira TV, Broyles ST, Champagne CM, Chaput J-P, Fogelholm 

M, Hu G, Johnson WD, Kuriyan R, Kurpad A, Lambert EV, Maher C, Maia J, Matsudo V, 

Olds T, Onywera V, Sarmiento OL, Standage M, Tremblay MS, Tudor-Locke C, Zhao P, 

Church TS. The International Study of Childhood Obesity, Lifestyle and the Environment 

(ISCOLE): design and methods. BMC Public Health 2013;13(1):900. doi:10.1186/1471-

2458-13-900. 



 

 96 

12.  /ŜƴǊŜ ŦƻǊ 5ƛǎŜŀǎŜ /ƻƴǘǊƻƭ ŀƴŘ tǊŜǾŜƴǘƛƻƴΦ !ǎǎŜǎǎƛƴƎ ȅƻǳǊ ǿŜƛƎƘǘΥ ŎƘƛƭŘǊŜƴΩǎ .aL 

tool for school. Child Teen BMI Calc. 2014. Available at: 

http://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/tool_for_schools.html 

13.  Barreira TV, Schuna JM, Mire EF, Katzmarzyk PT, Chaput J-P, Leduc G, Tudor-

[ƻŎƪŜ /Φ LŘŜƴǘƛŦȅƛƴƎ /ƘƛƭŘǊŜƴΩǎ bƻŎǘǳǊƴŀƭ {ƭŜŜǇ ¦ǎƛƴƎ нп-h Waist Accelerometry. Med. 

Sci. Sports Exerc. September 2014. doi:10.1249/MSS.0000000000000486. 

14.  Tudor-Locke C, Mire EF, Dentro KN, Barreira TV, Schuna JM, Zhao P, Tremblay 

MS, Standage M, Sarmiento OL, Onywera V, Olds T, Matsudo V, Maia J, Maher C, 

Lambert EV, Kurpad A, Kuriyan R, Hu G, Fogelholm M, Chaput J-P, Church TS, Katzmarzyk 

PT. A model for presenting accelerometer paradata in large studies: ISCOLE. Int. J. 

Behav. Nutr. Phys. Act. 2015;12(1):52. doi:10.1186/s12966-015-0213-5. 

15.  Trost SG, Loprinzi PD, Moore R, Pfeiffer KA. Comparison of Accelerometer Cut 

Points for Predicting Activity Intensity in Youth: Med. Sci. Sports Exerc. 2011;43(7):1360-

1368. doi:10.1249/MSS.0b013e318206476e. 

16.  Colley RC, Connor Gorber S, Tremblay MS. Quality control and data reduction 

procedures for accelerometry-derived measures of physical activity. Health Rep. 

2010;21(1):63-69. 

17.  Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Calibration of two 

objective measures of physical activity for children. J. Sports Sci. 2008;26(14):1557-1565. 

doi:10.1080/02640410802334196. 

18.  Mirwald RL, Baxter-Jones ADG, Bailey DA, Beunen GP. An assessment of maturity 

from anthropometric measurements. Med. Sci. Sports Exerc. 2002;34(4):689-694. 



 

 97 

19.  Sherar LB, Esliger DW, Baxter-Jones ADG, Tremblay MS. Age and Gender 

Differences in Youth Physical Activity: Does Physical Maturity Matter? Med. Sci. Sports 

Exerc. 2007;39(5):830-835. doi:10.1249/mss.0b013e3180335c3c. 

20.  Bell BB, Ene M, Smiley W, Schoeneberger JA. A Multilevel Model Primer Using 

SAS PROC MIXED. University of South Carolina; 2013. 

21.  Kenward MG, Roger JH. Small Sample Inference for Fixed Effects from Restricted 

Maximum Likelihood. Biometrics 1997;53(3):983. doi:10.2307/2533558. 

22.  Craney TA, Surles JG. Model-Dependent Variance Inflation Factor Cutoff Values. 

Qual. Eng. 2002;14(3):391. 

23.  Saunders TJ, Chaput J-P, Goldfield GS, Colley RC, Kenny GP, Doucet E, Tremblay 

MS. Prolonged sitting and markers of cardiometabolic disease risk in children and youth: 

a randomized crossover study. Metabolism. 2013;62(10):1423-1428. 

doi:10.1016/j.metabol.2013.05.010. 

24.  Debastiani SD, Carroll DD, Cunningham M, Lee S, Fulton J. Awareness and 

Knowledge of the Youth 2008 Physical Activity Guidelines for Americans. J. Phys. Act. 

Health 2013;11(3):495-501. 

25.  Kay MC, Carroll DD, Carlson SA, Fulton JE. Awareness and Knowledge of the 2008 

Physical Activity Guidelines for Americans. J. Phys. Act. Health 2014;11(4):693-698. 

doi:10.1123/jpah.2012-0171. 

26.  Sedentary Behaviour Research Network. Letter to the Editor: Standardized use of 

ǘƘŜ ǘŜǊƳǎ άǎŜŘŜƴǘŀǊȅέ ŀƴŘ άǎŜŘŜƴǘŀǊȅ ōŜƘŀǾƛƻǳǊǎΦέ Appl. Physiol. Nutr. Metab. 

2012;37(3):540-542. doi:10.1139/h2012-024. 



 

 98 

27.  Lefebvre RC, Bornkessel AS. Digital Social Networks and Health. Circulation 

2013;127(17):1829-1836. doi:10.1161/CIRCULATIONAHA.112.000897. 

28.  ParticipACTION. The Biggest Risk Is Keeping Our Kids Indoors. The 2015 Report 

Card on Physical Activity for Children and Youth. Toronto, Ontario; 2015. 

29.  Treuth MS, Catellier DJ, Schmitz KH, Pate RR, Elder JP, McMurray RG, Blew RM, 

Yang S, Webber L. Weekend and Weekday Patterns of Physical Activity in Overweight 

and Normal-weight Adolescent Girls. Obesity 2007;15(7):1782-1788. 

doi:10.1038/oby.2007.212. 

30.  Ministry of Education. Health and Physical Education: The Ontario Curriculum 

Grades 1-8. Ontario Public Service; 2015. Available at: www.edu.gov.on.ca. 

  



 

 99 

Table 1: Descriptive Participant Characteristics  

CAPL sample  Total (n=787) Boys (n=367) Girls (n=420) 

Age (years) 10.0 (1.3) 10.0 (1.3) 10.0 (1.3) 

Waist circumference (cm) 66.0 (10.4) 66.1 (10.0) 65.9 (10.8) 

BMI z-score 0.49 (1.04) 0.56 (1.00) 0.42 (10.10) 

ISCOLE-CAPL subsample Total (n=223) Boys (n=85)  Girls (n=138) 

Age (years) 10.0 (0.34) 10.1 (0.34) 10.0 (0.34) 

Waist circumference (cm) 61.3 (6.7) 62.6 (6.7) 60.4 (6.7) ᷂  

BMI z-score 0.22 (0.98) 0.41 (0.97) 0.10 (0.98) ᷂ 

Maturity offset -1.9 (0.88) -2.84 (0.46) -1.37 (0.54)* 

Household income (n, %)    

Less than $15,000 2 (0.9) 1 (1.2) 2 (1.5) 

$15,000--59,999 20 (9.2) 2 (2.4) 17 (12.5) 

$60,000-139,999 97 (44.5) 34 (40.2) 64 (57.1) 

$140,000 and above 99 (45.4) 46 (56.1) 53 (39.0) 

Parental educationἁ    

Mother education  195 (88.2%) 74 (89.2%) 121 (87.7%) 

Father education 189 (85.5%) 73 (88.0%) 116 (84.1%) 

Accelerometer variables (min/day)    

Light intensity  301.9 (43.0) 305.6 (40.1) 299.6 (44.7) 

MVPA 58.1 (19.6) 66.3 (19.4) 53.0 (18.0)* 

Sedentary behaviour 508.2 (60.1) 505.3 (61.1) 510.1 (59.7) 

Self-report screen time score  (hours/day)    

Total screen time 2.4 (1.6) 2.6 (1.2) 2.3 (1.7) 

Computer/video game 1.3 (1.0) 1.4 (1.0) 1.0 (1.0) ᷂  

Television 1.3 (0.9) 1.2 (0.7) 1.3 (1.1) 

All variables presented as mean (SD) unless otherwise noted. Statistical significance between boys and 

girls was assessed with unpaired t-test for continuous variables and chi-square tests for household income 

and parental education. 

BMI: Body Mass Index; MVPA: moderate- to vigorous-intensity physical activity 

ϝ ǇғлΦлмΣ ᷂ǇғлΦлллм 

ἁMother and father education is presented as percentage who have self-reported that they have 

obtained a high school diploma or higher 

  



 

 100 

Table 2: Responses to the Knowledge and Understanding of Physical Activity 

Questionnaire in Boys and Girls (total sample n=1,010) 

 Total (n, %) Boys (n, %) Girls (n, %) 

Knowledge of guidelines    
How many minutes of MVPA should you get each day? 

10 minutes 
20 minutes 
30 minutes 
60 minutes or 1 hour 

 
34 (3.5) 
52 (5.3) 

192 (19.6) 
700 (71.6) 

 
15 (3.5) 
23 (5.3) 

82 (19.0) 
312 (72.3) 

 
19 (3.5) 
29 (5.4) 

110 (20.3) 
383 (70.8) 

What is the most time that children should look at a 

screen each day?ἁ 

30 minutes 
60 minutes or 1 hour 
2 hours 
4 hours 

 
 

373 (38.2) 
305 (31.2) 
195 (20.0) 
104 (10.6) 

 
 

146 (34.0) 
134 (31.2) 
98 (22.8) 
52 (12.1) 

 
 

224 (41.3) 
170 (31.4) 
96 (17.7)* 

52 (9.6) 

Perceptions of physical activity    
If you wanted to get better at a sport skill like kicking and 
catching a ball, what would be the best thing to do? 

Read a book 
Wait until you get older 
Try exercising and being more active 
Take a lesson 

 
 

19 (2.0) 
13 (1.4) 

611 (63.7) 
317 (33.0) 

 
 

11 (2.6) 
6 (1.4) 

252 (59.7) 
153 (36.3) 

 
 

8 (1.5) 
7 (1.3) 

356 (66.8) 
162 (30.4) 

If you wanted to get in better shape, what would be the 
best thing to do? 

Read a book 
Wait until you get older 
Try exercising or being more active  
Take a lesson 

 
 

10 (1.0) 
21 (2.2) 

845 (88.2) 
82 (8.6) 

 
 

4 (2.0) 
12 (2.8) 

366 (86.7) 
4 (9.5) 

 
 

6 (1.1) 
9 (1.7) 

475 (89.5) 
41 (7.7) 

If you were allowed to pick what you do after school, 

which activity would you pick?§ 
Sedentary pursuit 
Active pursuit 

 
 

294 (31.1) 
650 (68.9) 

 
 

144 (35.2) 
265 (64.8) 

 
 

150 (28.3) 
380 (71.7) 

Compared to other kids your age, how active are you? 
A lot less active (1-3) 
Same (4-7) 
A lot more active (8-10) 

 
48 (4.9) 

512 (53.2) 
410 (41.8) 

 
18 (4.2) 

206 (47.6) 
209 (48.3) 

 
30 (5.6) 

313 (57.8) 
198 (36.6)§ 

Compared to other kids your age, how good are you at 
sports or skills? 

Others are better (1-3) 
Same (4-7) 
LΩƳ ŀ ƭƻǘ ōŜǘǘŜǊ όу-10) 

 
 

95 (9.7) 
512 (52.3) 
372 (38.0) 

 
 

40 (9.3) 
179 (41.4) 
213 (49.3) 

 
 

55 (10.2) 
332 (61.3) 
мрр όнуΦсύϞ 

Significance between boys and girls was assessed by chi-squared test: *p<лΦлрΣϞǇғлΦлллм 
ἁ¢Ƙƛǎ ƛƴŎƭǳŘŜǎ ŀƭƭ ǘŜƭŜǾƛǎƛƻƴΣ ǾƛŘŜƻ ƎŀƳŜΣ ŀƴŘ ŎƻƳǇǳǘŜǊ ǳǎŜΦ DǳƛŘŜƭƛƴŜǎ ǊŜŎƻƳƳŜƴŘ ƭƛƳƛǘƛƴƎ ǊŜŎǊŜŀǘƛƻƴŀƭ 
screen time to no more than 2 hours per day2. 
§Sedentary: play video/computer games, read, homework, chat with friends online, watch TV; active: play 
wiǘƘ ŦǊƛŜƴŘǎ ŀǘ ǘƘŜ ǇƭŀȅƎǊƻǳƴŘΣ Ǝƻ ǘƻ Ƴȅ ǎǇƻǊǘǎ ǘŜŀƳΩǎ ǇǊŀŎǘƛŎŜΣ ǿŀƭƪ Ƴȅ ŘƻƎ 
MVPA: moderate- to vigorous-intensity physical activity.   
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Table 3: Associations Between Habitual Activity and Perceptions of Physical Activity (ISCOLE-CAPL subsample, n=202) 1 

 MVPA (min/day) SED (hour/day) ST Score 
  ̡ SE p  ̡ SE p  ̡ SE p 

If you wanted to get better at a 
sport skill like kicking and 
catching a ball, what would be 
the best thing to do? 

         

Model 1 0.89 3.02 0.7680 -0.08 0.15 0.5820 -0.003 0.07 0.9709 
Model 2 4.38 2.86 0.1273 -0.21 0.15 0.1519 0.02 0.07 0.7924 

If you wanted to get in better 
shape, what would be the best 
thing to do? 

         

Model 1 -3.20 6.49 0.6226 -0.14 0.32 0.6769 0.27 0.14 0.0534 
Model 2 -9.33 6.08 0.1271 -0.01 0.31 0.9740 0.28 0.14 0.0487 

If you were allowed to pick what 
you do after school, which 
activity would you pick? 

         

Model 1 -2.45 3.30 0.4592 0.23 0.17 0.1599 0.17 0.08 0.0227 
Model 2 -3.12 3.13 0.3201 0.23 0.16 0.1480 0.13 0.07 0.0744 

Compared to other kids your 
age, how active are you? 

         

Model 1 -21.64 5.73 0.0002 0.56 0.30 0.0599 0.43 0.14 0.0011 
Model 2 -19.26 5.44 0.0005 0.41 0.14 0.1583 0.42 0.13 0.0013 

Compared to other kids your 
age, how good are you at sports 
or skills? 

         

Model 1 -12.74 5.89 0.0318 0.27 0.30 0.3634 0.33 0.14 0.0151 
Model 2 -9.01 5.62 0.1089 0.20 0.29 0.4836 0.33 0.13 0.0131 

Model 1: multilevel modeling showing the relationship between self-perceptions of physical activity and MVPA, SED, and ST, unadjusted for any covariates with school 2 
as a random effect. 3 
Model 2: multi-level modeling showing the relationship between self-perceptions of physical activity and MVPA, SED, and ST adjusted for sex, waist circumference, 4 
maturity offset, and highest parental education with school as a random effect. 5 
MVPA: moderate- to vigorous-intensity physical activity; SE: standard error; SED: total sedentary time; ST: screen time (log transformed). Bolded cells represent 6 
significant associations. 7 
  8 
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Figure legends 

Figure 1 

Title: Average moderate- to vigorous-intensity physical activity (MVPA), total sedentary 

time, and knowledge of physical activity (A) and screen time guidelines (B) in ISCOLE-

CAPL subsample (n=202). 

Legend: 5ŀǘŀ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀǎ ƳŜŀƴǎ ҕ ǎǘŀƴŘŀǊŘ ŜǊǊƻǊ ό{9ύΦ tŀǊǘƛŎƛǇŀƴǘΩǎ ŀƴǎǿŜǊ ǘƻ 

knowledge of physical activity and screen time guidelines were re-coded as correct 

(white bars), or incorrect (grey bars). Multi-level models, adjusted for sex, maturity 

offset, waist circumference, and highest parental education were used to determine 

associations between physical activity (ʲҐ-3.36, SE=2.95, p=0.2555), and sedentary 

ōŜƘŀǾƛƻǳǊ όʲҐлΦнсΣ {9ҐлΦмсΣ p=0.8637), and knowledge of the guidelines.  
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4.2 Correlates of objectively measured sedentary time and self-reported screen time 

in Canadian children 

This manuscript has been written and formatted to adhere to the specifications for 

submission to the International Journal of Behavioural Nutrition and Physical Activity. 

This article has been published and can be found here: 

http://www.ijbnpa.org/content/12/1/38/ 

http://www.ijbnpa.org/content/12/1/38/
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4.3 Correlates of total sedentary time and screen time in 9-11 year-old children 

around the world: The International Study of Childhood Obesity, Lifestyle and the 

Environment 

This manuscript has been written and formatted to adhere to the specifications for 

submission to PLOS ONE. This article has been published and can be found here: 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0129622 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0129622
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