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Abstract 

Low levels of physical activity (PA) among children in Canada have been a primary health 

concern over the last decade. Higher levels of PA are associated with numerous social, 

physical, and mental health benefits, and research has also shown that different social, built, 

and natural elements of local environments are associated with varying levels of PA. Despite 

growing evidence around the connection between a child’s environment and PA, little 

research has examined the influence of the environment on the PA of rural Canadian 

children. 

Broadly based on the ecological systems theory, this dissertation used data from the Spatial 

Temporal Environment and Activity Monitoring (STEAM) project. The STEAM project 

used a multi-method design to gather both quantitative and qualitative health data on a 

geographically diverse group of children aged 8-14 years in Ontario.  

Analyses using logistic regression indicated that correlates of PA differ from weekdays to 

weekends and that on weekends children from rural Northern Ontario were more active than 

children from different neighbourhood types (urban, suburban, rural) in Southern Ontario. 

This established difference between rural Southern and Northern Ontario children provided 

evidence to support a more in-depth analysis of the factors associated with PA levels among 

rural Northern children.  

A cross-classified model was used to explore correlates of PA among rural children from 

Northern Ontario, specifically focusing on weather. Boys were more active than girls, 

children were more active on weekdays, children were less active on days with precipitation, 

and higher temperature led to higher levels of PA.  

Qualitative methods were used to further explore the environmental influences on rural 

children’s PA. Based on a thematic analysis of focus groups, three important themes were 

identified as having an impact on children’s PA: physical environment, social environment, 

and perceptions of safety.  

This dissertation demonstrated the temporal and contextual nuances of children’s PA. 

Specifically, temporal factors like day type and season and contextual factors including, fear 
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of wildlife, had an impact on children’s PA. This work provided important evidence for 

policymakers and decision-makers to help guide future interventions and policies for 

increasing PA levels among children in rural communities. 
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Summary for Lay Audience 
Children in Canada are not getting enough physical activity (PA). Increasing the amount of 

PA that children get is important because higher levels of PA offer numerous health benefits. 

One area that has had a positive impact on children’s PA is the environment in which they 

live and go to school. However, most of the previous research linking environment and PA 

has been done in larger cities with little research examining rural areas. The purpose of this 

dissertation was to examine the environmental influences of PA among children in rural 

Northern Ontario. To achieve this purpose, a mix of surveys, PA monitoring devices, and 

focus groups were used to gather data on children and their PA. 

First, data on children from Southern Ontario and rural Northern Ontario showed that 

different factors influence PA on weekdays as compared to weekends and children from rural 

Northern Ontario were more active than children from rural, urban, and suburban Southern 

Ontario on weekends.  

Second, data from Northern Ontario were analyzed, and boys were more active than girls, 

children were more active on weekdays compared to weekends, children were less active on 

days with precipitation, and higher temperature led to an increase in PA.  

Third, researchers asked small groups of children about their thoughts about their PA in their 

environment. Children said places to play, weather, friends, and fearing animals impacted 

their PA. 

Overall, all these results suggest that different components of time and specific factors 

related to living in a rural environment impact children’s PA. These results can be used to 

plan intervention in these rural areas to help promote children’s PA levels and overall health.  

 



 

vi 

 

Co-Authorship Statement  

The following dissertation includes three integrated articles and a version of each article has 

already been (or will be) submitted for publication in peer-reviewed journals. In all cases, 

Brenton Button is the primary author recruiting, conducting and performing all data 

collection in Northern Ontario, performing statistical analysis, and writing in each article. In 

all cases, Dr Jason Gilliland designed the original STEAM study, helped with conceptual 

design and analyses in this dissertation, and provided editorial feedback on drafts. The co-

authorship statement for each remaining author is presented below.  

Chapter 4: was also co-authored by Dr Andrew Clark, who assisted with data analysis 

procedures and editorial feedback.  

Chapter 5: was also co-authored by Dr Andrew Clark, Dr Tayyab Shah, and Dr Pitor Wilk. 

Dr Clark and Dr Shah assisted with data analysis procedures and gave editorial feedback. Dr 

Wilk was involved in the development and implementation of the cross-classified model. 

Chapter 6: was also co-authored by Suzanne Tillmann, who was involved with data 

collection, data analysis, and editorial feedback.  



 

vii 

 

Acknowledgments  

I want to thank my advisor, Dr Jason Gilliland, for his support throughout this process. You 

took a chance by sending myself and other students to rural Northern Ontario to complete a 

project in my hometown, and I will be forever grateful for this experience. Your dedication 

to community, thoughts, and ideas have helped me grow and understand better 

interdisciplinary research in creating healthy and vibrant communities.    

Dr Andrew Clark, after a few years away from academic writing, I shudder to think of the 

first few documents I sent you. I am forever thankful for your reviews and your revisions of 

my manuscripts.  

To the HEAL team, over the past five years, I had the privilege to work with some of the 

brightest minds and, more importantly, the best people. The interdisciplinary nature of this 

lab has forced me to grow and learn beyond what I thought was possible.  

To the STEAM North team, thank you for leaving your home to visit mine. The project 

would not have been the same without any of you!  

To the STEAM North communities, schools (teachers, principals, secretaries, custodians, and 

educational assistants), and students. The project would not have happened without your 

contributions.  

Finally, I would like to thank my family. DA, your love and support have meant a lot 

throughout this process. BE, thanks for being the best big sister. D and B, if it were not for 

you two, I do not know whether I would have had the motivation to move home and to take 

on this demanding research project. Mom and Dad, words cannot describe the importance of 

your sacrifices and contributions, thank you.   



 

viii 

 

Table of Contents 
Abstract ............................................................................................................................... ii 

Summary for Lay Audience ................................................................................................ v 

Co-Authorship Statement ................................................................................................... vi 

Acknowledgments ............................................................................................................. vii 

Table of Contents ............................................................................................................. viii 

List of Tables .................................................................................................................... xii 

List of Figures .................................................................................................................. xiii 

List of Appendices ........................................................................................................... xiv 

Chapter 1 ............................................................................................................................. 1 

1 Introduction .................................................................................................................... 1 

1.1 Research Context .................................................................................................... 1 

1.2 Research Question and Objectives .......................................................................... 2 

1.3 Geographic Context ................................................................................................ 2 

1.4 Conceptual Framework ........................................................................................... 3 

1.5 Dissertation Framework and Structure ................................................................... 6 

1.6 References ............................................................................................................... 7 

Chapter 2 ........................................................................................................................... 11 

2 Background .................................................................................................................. 11 

2.1 Overview ............................................................................................................... 11 

2.2 Physical Activity ................................................................................................... 11 

2.2.1 Physical Activity in the Rural Environment ............................................. 12 

2.3 Physical Activity and the Socio-Ecological Model .............................................. 14 

2.3.1 Intrapersonal Factors Influencing Physical Activity ................................. 15 

2.3.2 Interpersonal Factors Influencing Physical Activity ................................. 16 

2.3.3 Temporal Factors Influencing Physical Activity ...................................... 17 

2.4 Built Environment Factors Influencing Physical Activity .................................... 17 

2.4.1 Parks and Outdoor Spaces ........................................................................ 18 

2.4.2 Recreation Facilities .................................................................................. 19 

2.4.3 Residential Density ................................................................................... 20 

2.5 Rural Built Environment and Physical Activity ................................................... 22 

2.6 Natural Environment Factors Influencing Physical Activity ................................ 23 



 

ix 

 

2.7 Defining the Rural Environment ........................................................................... 25 

2.8 Conclusion ............................................................................................................ 27 

2.9 References ............................................................................................................. 28 

Chapter 3 ........................................................................................................................... 40 

3 Methods ........................................................................................................................ 40 

3.1 Overview ............................................................................................................... 40 

3.2 Study Sample and Recruitment ............................................................................. 40 

3.3 Multi-method Approach ........................................................................................ 42 

3.3.1 Geographic Information Systems ............................................................. 43 

3.3.2 Healthy Neighbourhood Survey ............................................................... 43 

3.3.3 Accelerometers ......................................................................................... 43 

3.3.4 Global Positioning System ........................................................................ 44 

3.3.5 Activity Diaries ......................................................................................... 44 

3.3.6 Meteorological Data .................................................................................. 45 

3.3.7 Focus Groups ............................................................................................ 45 

3.3.8 Positionality .............................................................................................. 46 

3.4 Study Areas ........................................................................................................... 47 

3.4.1 Northern Ontario ....................................................................................... 47 

3.4.2 Southern Ontario ....................................................................................... 50 

3.5 Conclusion ............................................................................................................ 53 

3.6 References ............................................................................................................. 54 

Chapter 4 ........................................................................................................................... 57 

4 Understanding factors associated with children achieving recommended amount of 

MVPA on weekdays and weekend days ...................................................................... 57 

4.1 Abstract ................................................................................................................. 58 

4.2 Introduction ........................................................................................................... 59 

4.3 Methods................................................................................................................. 61 

4.3.1 Dependent Variable: PA ........................................................................... 62 

4.3.2 Independent Variables .............................................................................. 63 

4.3.3 Statistical Analyses ................................................................................... 65 

4.4 Results ................................................................................................................... 66 

4.5 Discussion ............................................................................................................. 68 



 

x 

 

4.6 Limitations ............................................................................................................ 70 

4.7 Conclusion ............................................................................................................ 71 

4.8 References ............................................................................................................. 72 

Chapter 5 ........................................................................................................................... 79 

5 Examining weather-related factors on moderate to vigorous physical activity levels of 

children from rural communities .................................................................................. 79 

5.1 Abstract ................................................................................................................. 80 

5.2 Introduction ........................................................................................................... 81 

5.3 Methods................................................................................................................. 82 

5.3.1 Study Design and Data Collection ............................................................ 82 

5.3.2 Dependent Variable: Moderate-to-Vigorous Physical Activity (MVPA) 83 

5.3.3 Independent Variables .............................................................................. 84 

5.3.4 Statistical Analyses ................................................................................... 85 

5.4 Results ................................................................................................................... 86 

5.5 Discussion ............................................................................................................. 90 

5.6 Conclusion ............................................................................................................ 92 

5.7 References ............................................................................................................. 93 

Chapter 6 ........................................................................................................................... 97 

6 Exploring children’s perceptions of barriers and facilitators to physical activity in a 

rural Northern community ........................................................................................... 97 

6.1 Abstract ................................................................................................................. 98 

6.2 Introduction ........................................................................................................... 99 

6.3 Methods............................................................................................................... 101 

6.3.1 Study Area .............................................................................................. 101 

6.3.2 Methodological Approach ...................................................................... 103 

6.3.3 Data Collection ....................................................................................... 104 

6.3.4 Ethics Approval ...................................................................................... 105 

6.4 Analysis............................................................................................................... 105 

6.5 Results ................................................................................................................. 107 

6.6 Discussion ........................................................................................................... 111 

6.7 Limitations .......................................................................................................... 114 

6.8 Conclusion .......................................................................................................... 115 



 

xi 

 

6.9 References ........................................................................................................... 116 

Chapter 7 ......................................................................................................................... 122 

7 Discussion .................................................................................................................. 122 

7.1 Overview ............................................................................................................. 122 

7.2 Summary of Key Findings and Research Contributions ..................................... 122 

7.3 Limitations .......................................................................................................... 128 

7.4 Future Direction .................................................................................................. 129 

7.5 Policy Implications ............................................................................................. 131 

7.6 Conclusion .......................................................................................................... 133 

7.7 References ........................................................................................................... 134 

Appendices ...................................................................................................................... 138 

Curriculum Vitae ............................................................................................................ 160 



 

xii 

 

List of Tables  
Table 2.1 Description of each urbanicity ................................................................................ 27 

Table 3.1 Comparison of similarly defined Nipigon (STEAM North) and Tilbury (STEAM 

South) ...................................................................................................................................... 53 

Table 4.1 Variables associated with children’s PA by the level of the SEM ......................... 64 

Table 4.2 Descriptive statistics of the variables of the child participants STEAM project .... 67 

Table 4.3 Logistic regression of the association between SEM variables in children on 

weekday MVPA ...................................................................................................................... 68 

Table 4.4 Logistic regression of the association between SEM variables in children on 

weekend day MVPA ............................................................................................................... 68 

Table 5.1 Descriptive statistics for the 663 days of data from 90 children ............................ 87 

Table 5.2 The cross-classified model assessing the relationship between child's MVPA and 

child variables (Model 1), day type (Model 2) weather variables (Model 3), and child and 

day-level variables (Model 4) ................................................................................................. 89 

Table 6.1 Measures to ensure data trustworthiness .............................................................. 106 

Table 6.2 Demographic characteristics of the sample in the STEAM focus group. ............. 107 

 



 

xiii 

 

List of Figures 
Figure 1.1 Bronfenbrenner’s (1979) ecological model ............................................................. 5 

Figure 2.1 Socio-ecological model for children’s physical activity with different levels and 

potential variables, adapted from Sallis et al. (2008) .............................................................. 15 

Figure 3.1 A member of the STEAM team presenting about the STEAM project ................ 41 

Figure 3.2 STEAM team checking activity diaries and downloading GPS data .................... 45 

Figure 3.3 Map of study area of Northern Ontario ................................................................. 48 

Figure 3.4 Aerial photo of Nipigon, ON (Google, 2018) ....................................................... 49 

Figure 3.5 Map of STEAM Project Areas in Northern and Southern Ontario including levels 

of urbanicity ............................................................................................................................ 52 

Figure 7.1 Socio-ecological model for children’s physical activity on weekdays and weekend 

days with different levels and potential variables, including rural specific variables in bold 

adapted from Sallis et al. (2008) ........................................................................................... 127 

 

  
 



 

xiv 

 

List of Appendices 
Appendix A: Ethics Approval ............................................................................................... 138 

Appendix B: Relevant STEAM documents .......................................................................... 139 

Appendix C: Knowledge Translation ................................................................................... 159 

 

  



1 

 

Chapter 1  

1 Introduction 
1.1 Research Context 

Low levels of physical activity (PA) among people of all ages are a major health concern 

for developed countries around the world (Hallal et al., 2012; ParticipACTION., 2018, 

2019). Public health professionals are especially concerned with declining levels of PA 

among children, as habits formed in childhood tend to continue throughout the life course 

(Telama et al., 2005). According to the most recent cycle of the Canadian Health 

Measures Survey, only 35% of 5- to 17-year-olds in Canada meet the Canadian Society 

for Exercise Physiology’s target of 60 minutes of moderate-to-vigorous PA (MVPA) per 

day (Colley et al., 2017). Public health professionals aim to increase the number of 

children meeting the PA guidelines, as higher levels of MVPA are linked to a decrease in 

chronic disease risk factors, such as obesity, high blood pressure, and waist 

circumference (Carson et al., 2013, 2014). In addition, increasing MVPA improves 

academic performance (Singh, et. al, 2012), social skills, and self-esteem (Liu et al., 

2015).  

 

Over the past 20 years, the built environment has become an increasingly popular area of 

research in the PA field (Ding & Gebel, 2012; Gordon-Larsen et al., 2005). The built 

environment is defined as “the components of our physical surrounding constructed by 

humans, such as buildings, parks, and transport networks” (Gilliland, 2010). Alterations 

to neighbourhood environmental features can have a positive influence on the PA levels 

of large groups of children over an extended period (Ding & Gebel, 2012; Gordon-Larsen 

et al., 2005). Over the past two decades, the PA literature has become saturated with 

studies examining different nuances of the urban environment to further our 

understanding of the influence of the urban environment on children’s PA (Ding et al., 

2011; Oliveira et al., 2014; Rich et al., 2012; Tucker & Gilliland, 2007). Despite the 

massive body of research focusing on urban environments, there is limited research on 

the effects of living in more rural areas.  
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In 2015, a group of 28 experts from across Canada convened a “consensus conference on 

physical activity in rural, remote and northern settings” (Nykiforuk et al., 2018). As a 

group, the experts developed an evidence synthesis called Promotion of physical activity 

in rural, remote and northern settings: a Canadian call to action (Nykiforuk et al., 2018). 

This evidence synthesis highlights the need for PA research in underserved communities 

in rural, remote, northern, and natural settings. The synthesis explicitly highlights a lack 

of relevant research on PA and its association with features of the physical, built, and 

natural environment in rural settings (Nykiforuk et al., 2018). Furthermore, the experts 

argue that if researchers continually neglect rural, remote, and northern communities, this 

could lead to population health inequities (Nykiforuk et al., 2018). This dissertation 

contributes evidence to address these identified gaps in children’s health, rural health, and 

health geography by examining the environmental influences on rural children’s PA. 

 

1.2 Research Question and Objectives 
The purpose of this dissertation is to address the aforementioned knowledge gaps by 

addressing the following overarching research question: What are the environmental 

influences on physical activity among children in rural Northern Ontario? This 

dissertation is written as a collection of three manuscripts. Each manuscript coincides 

with one chapter, and each has its own specific research objective: 

1. Examine what factors influence whether children achieve their recommended 

minutes of MVPA on weekdays and weekend days (Chapter 4). 

2. Examine the seasonal and weather influences on rural children’s PA (Chapter 5). 

3. Explore the multi-level facilitators and barriers to rural children’s PA (Chapter 6). 
 

1.3 Geographic Context 
The geographic context to which this dissertation relates is to other rural areas across 

developed countries, but more specifically to rural North America. Chapter 2 is a 

literature review regarding existent knowledge about rural children’s PA levels, and the 

environmental features that influence urban children’s PA are reviewed, as these features 

are potentially transferable to rural areas. The methods of the Spatial Temporal 

Environment and Activity Monitoring (STEAM) project and the geographical context of 
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the study are described in detail in Chapter 3. Chapter 4 uses data from the entire 

STEAM project, including the cities of London and St. Thomas, the counties of 

Middlesex, Elgin, Chatham-Kent, Essex, Huron, and Oxford, and four rural communities 

and one reserve in Northern Ontario (Nipigon, Red Rock, Dorion, Hurkett, and the Lake 

Helen Reserve). This study area represents distinct geographical areas with a mix of 

urban, suburban, small town, rural small town, and rural areas in Southern Ontario, and 

rural small town and rural areas in Northern Ontario. These diverse locations present 

different environmental attributes that allow for a unique opportunity to explore different 

environmental influences on PA. Chapters 5 and 6 focus on rural Northern Ontario, and a 

multi-method approach is used to examine environmental influences on rural children’s 

PA. Further details of these case study areas are provided in their respective chapters. The 

results are specifically relevant to certain rural communities across North America.  

 

1.4 Conceptual Framework  
The focus of this dissertation is on children’s PA. Researchers from various disciplines 

have been trying to understand factors that influence children’s PA. Each discipline 

examines different factors or approaches these factors in different ways based on their 

field of study. This dissertation examines children’s PA from the perspective of a health 

geographer. Health geography is a section of human geography that examines the 

relationships between humans and their environments (Dummer, 2008). Health 

geography takes a holistic approach, hypothesizing the role of place and location in 

health, well-being, and disease (Dummer, 2008). Health geographers have been 

instrumental in improving our understanding of children’s environments and PA, as they 

aim to understand the role of place, and their approaches to measurement and 

conceptualizations of place have helped them conclude that environment can influence 

children’s PA (Gordon-Larsen et al., 2005). However, most of this research focuses on 

the urban environment, and researchers try to apply these urban based findings to rural 

areas. This approach can be used as a starting point, but researchers need to understand 

the unique challenges of rural living (Meyer et al., 2016). Powell et al. (2013) claim that 

rural children are often a marginalized group, and a common narrative surrounding rural 

children is that they live in an area that is characterized by safety, freedom, more space to 
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play, and greater environmental exploration. This narrative is not always the case, 

however, as rural children sometimes describe their home as dull and boring (Powell et 

al., 2013). The application of urban strategies in rural environments, a reliance on adult 

views to represent children’s views, and an overall lack of research, has failed to lead to 

an understanding of rural children’s PA. To explore the complex interaction between 

rural children and the environment, this dissertation uses a pragmatic philosophical 

approach combined with the ecological systems theory.  

 

Pragmatists link the choice of approach directly to the purpose and nature of the research 

questions posed (Creswell, 2014; Morgan, 2014). Research is often multi-purpose, and a 

“what works” tactic allows the researcher to address questions that do not sit comfortably 

within a wholly quantitative or qualitative approach. With such a lack of research on 

environmental determinants of children in rural areas, this dissertation provides both 

empirical evidence and a richness of data, both of which, when combined, provide 

valuable contributions to understanding rural children’s PA. 

 

Health researchers have been attempting to solve the declining PA problem for decades. 

Some researchers have attempted to use individual behaviour change interventions, while 

others have focused on more upstream determinants of PA, such as policy change. These 

methods are subject to their own unique limitations, as individual behaviour change 

models fail to recognize social, cultural, and economic factors, and upstream models fail 

to recognize more individual-level issues, such as a child not having anyone to play with. 

Responding to these oversights, some researchers have used the ecological systems 

theory and the socio-ecological model to help develop an understanding of the upstream 

and downstream factors that influence children’s MVPA (Martins et al., 2017; Sallis at 

al., 2008). Originally developed by Bronfenbrenner (1979), and based on the person, the 

environment, and the continual interaction of both, the ecological systems theory and the 

corresponding model organizes impacts on behaviour as a series of concentric circles 

with the individual in the middle and each circle representing a different part of the 

individual’s environment, as shown Figure 1.1 (Brofenbrenner, 1979). Brofenbrenner 

eventually added a temporal element, referred to as a chronosystem, to this model. The 
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chronosystem examines how the interaction between the individual and the environment 

is influenced by different time scales. The time scales can be as short as minutes or as 

long as decades (Brofenbrenner, 1979). 

 

 
Figure 1.1 Bronfenbrenner’s (1979) ecological model 

 

Building on Bronfenbrenner’s work, Sallis and colleagues created the socio-ecological 

model for active living, responding to the need to achieve population change in PA 

(Sallis et al., 2008). The researchers created a list of potential, testable variables and 

hypotheses related to each level of the model. These models have generally been 

accepted or adapted in the field of health behaviour (Egger & Swinburn, 1997; Giles-

Corti et al., 2005; Langille & Rodgers, 2010; Taylor et al., 2018). 

 

The socio-ecological model provides a framework for understanding the complex 

interactions of the intrapersonal, interpersonal, and environment, rather than isolating the 
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effects of a single variable. The basic idea is that a child’s health behaviour is influenced 

by interactions between the child’s characteristics (or intrapersonal characteristics) (e.g., 

age, gender), immediate context (or interpersonal relationships) (e.g., family, school) and 

the broader social and environmental context (e.g., community, neighbourhood) (Sallis et 

al., 2008; Spence & Lee, 2003). This approach suggests that, for individuals to effectively 

change their behaviours, their surroundings must present them with a convenient way to 

maintain these behaviours (Ding & Gebel, 2012). The socio-ecological model does not 

necessarily describe how behaviour is changed but is used to identify variables and 

potential interaction between those variables that are conducive to a behaviour. As such, 

the ecological approach allows for a fit between the individual and the environment. This 

model provides a framework to examine rural children’s PA.  

 

1.5 Dissertation Framework and Structure  
Through an integrated article format, this dissertation leverages one large and unique 

dataset to explore the environmental influences on rural children’s PA. The following 

chapter (Chapter 2) provides a literature review on PA, the socio-ecological model, rural 

children’s PA, environmental factors that influence PA, and a discussion of the term 

“rural” in the context of this study. Chapter 3 discusses the methods used in the STEAM 

project, including a description of the geographical context. Chapters 4 to 6 are written 

manuscripts in formats selected for publications in specific academic journals. The aim of 

Chapter 4 is to use the socio-ecological model to guide an evaluation of factors associated 

with children’s PA on weekdays and weekends using the entire STEAM sample. Based 

on the results of Chapter 4, Chapter 5 applies the socio-ecological model to examine 

children’s PA, specifically in rural Northern Ontario. Since no modifiable factors are 

significant in Chapter 5, Chapter 6 uses a qualitative approach, based on the socio-

ecological model, to examine children’s perceptions and barriers to PA. Chapter 7 

concludes the dissertation, explores the results, connects the findings to the overarching 

research question, discusses the limitations of the dissertation, offers actionable steps 

from findings, and suggests opportunities for future research. Throughout this 

dissertation, certain material might be repeated or revisited, but this is necessary to fulfill 

the requirements of an integrated article dissertation. 
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Chapter 2 

2 Background  
2.1 Overview 

The focus of this dissertation is on children’s physical activity (PA) in a rural setting. 

Prior to developing the research questions and analysis plan, it is important to summarize 

what is known in the literature and to identify gaps. In this chapter, I (1) summarize the 

information on the prevalence of children’s PA in general, and in the rural environment 

in particular; (2) describe the socio-ecological model and some of the variables that have 

been considered in this model in relation to PA; and (3) present information on urban 

children’s PA and the environment as a starting point to discuss rural children’s PA and 

the environment. This section concludes with (4) a discussion of the term “rural.”  

 

2.2 Physical Activity  
Physical activity is defined as any bodily movement produced by skeletal muscles that 

results in energy expenditure (Caspersen et al., 1985). This dissertation focuses primarily 

on moderate to vigorous PA (MVPA), which includes any type of PA that significantly 

increases one’s heartrate, breathing, and body temperature (Canadian Society for 

Exercise Physiology, 2012), for example, hiking or playing tag (Jete et al., 1990). Among 

school-aged children, MVPA is associated with both short- and long-term health benefits; 

short-term benefits include higher self-esteem (Liu et al., 2015), reduced anxiety (Biddle 

& Asare, 2011), and lower levels of depression (Korczak et al., 2017). Some long-term 

benefits of PA include control of blood pressure, reduced risk factors associated with the 

metabolic syndrome, improved bone-mineral density, and the regulation of body weight 

and body fat (Carson et al., 2013, 2014; Janssen et al., 2010). 

 

Researchers have discovered that 60 minutes of daily MVPA is adequate to achieve many 

of the health benefits listed above (Janssen et al., 2010). As such, Canada’s PA 

Guidelines state that school-aged children and youth (5-17 years of age) should 

accumulate at least 60 minutes of MVPA daily to achieve health benefits (Canadian 

Society of Exercise Physiology, 2012; Tremblay et al., 2011). This guideline is similar to 
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that in the United States (US) (Song et al., 2013) and some European countries 

(Kahlmeier et al., 2015). Unfortunately, according to data from the 2014-2015 Canadian 

Health Measures Survey, a nationally representative survey that assesses MVPA through 

objective methods (accelerometers), only 35% of children met the guideline of 60 

minutes per day (Colley et al., 2017; PartipACTION, 2018). This figure has remained 

relatively consistent since 2007 (Colley et al., 2017). The poor adherence to the PA 

guidelines is concerning because PA declines into adulthood (Brown et al., 2017; Dwyer 

et al., 2009) and low levels of PA in adulthood are associated with increased morbidity 

(Dwyer et al., 2009), mortality (Nechuta et al., 2016), and healthcare spending (Janssen, 

2012). Thus, establishing a healthy and active lifestyle early in childhood has the 

potential to increase a child’s quality of life and to reduce future risk of chronic diseases 

and premature death. In the rural environment, especially in the Canadian context, it is 

difficult to determine whether the prevalence of PA is similar or different compared with 

the national level mentioned above as little research has been conducted focusing on 

children in rural Canada. 

 

2.2.1 Physical Activity in the Rural Environment 
Living in a rural area is becoming a more recognized determinant of health, as both youth 

and adults in some rural areas are considered to be less healthy than their urban/suburban 

counterparts (Hansen et al., 2015; Meit et al., 2014; Mitura & Bollman, 2004; Pong et al., 

2009). However, research on PA in the rural environment among children is mixed. For 

example, four studies found that urban youth were more active than rural youth (Collins 

et al., 2012; Davis et al., 2008; Moore et al., 2013; Rainham et al., 2012). One study, 

conducted on 50 youths aged 13 to 14 years old in England, suggests that urban children 

(52.1 minutes MVPA per day) were more active than rural children (26.6 minutes MVPA 

per day) (Collins et al., 2012). A study of adolescents in Canada found similar results, 

with urban children being most active (196.6 minutes of MVPA) followed by suburban 

children (84.9 minutes of MVPA), and rural children being least active (81.7 minutes of 

MVPA) (Rainham et al., 2012). A study of 284 middle-school students from the 

Southeastern US found that rural youth had a significantly lower amount of MVPA. 

Youth from rural communities accumulated about 16 min/day of PA; whereas, urban 
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children accumulated about 19 min/day (Moore et al., 2013). Finally, a study from the US 

on 138 children aged 10 years old found that urban children had a higher metabolic 

equivalent (MET) expenditure per week compared to rural children, with urban children 

expending about 62 METs per week, and rural children expending about 43 METs per 

week (Davis et al., 2008).  

 

While some of research to date has suggested that urban youth are more active than rural 

youth some studies have found that rural youth are more active than urban youth. One 

study from the US, on 3,416 children in grades 4 to 6, found that urban children were the 

least active, with rural children from small cities being most active (based on self-

reported data) (Joens-Matre et al., 2008). A study on 804 children in North Carolina (US) 

found that there was no difference in MVPA between boys, but rural girls accumulated 

about 8.5 minutes MVPA per day more than suburban and urban girls (Moore et al., 

2014). While a study conducted in Greece found that PA levels are seasonally dependent. 

In the winter, urban children took about 1,147 more steps than rural children per day; 

while in the summer months, rural children took approximately 1,919 more steps per day 

(Loucaides et al., 2004). These mixed results are echoed in a narrative review on urban 

versus rural children’s PA in the US (McCormack & Meendering, 2016), as well as in 

other developed countries (Sandercock et al., 2010). 

 

These differing results on PA levels between urban/suburban and rural children and youth 

make it difficult to draw any conclusions on whether rural children are more or less 

active than their urban counter parts. With PA levels being so low in North America, and 

no substantial evidence on whether rural children are more or less active than urban 

children, it is pertinent for researchers to study these specific areas and to understand 

rural-specific influences on PA or risk health inequities. Understanding these differences 

in PA can be challenging, but one model that has become more accepted and prevalent in 

health, specifically PA, research is the socio-ecological model. This model allows 

researchers to conceptualize the interplay between multiple variables, ranging from the 

individual to the environment, including urban and rural status.  
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2.3 Physical Activity and the Socio-Ecological Model 
As discussed in the opening chapter, the ecological systems theory forms the broad 

theoretical basis for this dissertation. The ecological approach represents a shift in health 

research. Traditionally, a very narrow conceptualization of health existed, and researchers 

focused on simply understanding biological factors and excluded psychological, 

environmental, and social influences. However, there were underlying premises in the 

biomedical models, such as illness having a single cause, that have generally been 

accepted as false. In general, ecological models were developed from a desire to improve 

upon the biological model.  

 

One specific model, the socio-ecological model has been used by some researchers to 

frame their research on health behaviours and, specifically, on PA. This model offers 

researchers a framework to move beyond thinking about variables in isolation to an 

approach that tries to understand an individual’s health behaviour as a complex 

interaction among numerous variables. The model posits that a child’s behaviour is 

influenced by variables and interactions between variables in each system, and between 

variables in different systems at different points in time (Brofenbrenner, 1979; Sallis et 

al., 2008). The systems start close to the individual and grow larger and larger in 

concentric rings, as displayed in Figure 2.1. The temporal aspect is depicted as an arrow 

to represent how these relationships change over time. The systems considered in this 

dissertation are intrapersonal, interpersonal, and environment (natural and built) during 

different time points (temporal). Specifically, this dissertation examines and reinforces 

the importance of temporal factors (day type and season) in influencing children’s PA, as 

well as potentially adding variables and understanding the strength of variables in the 

rural context using the socio-ecological model. However, before the built and natural 

environments are examined, it is necessary to understand potential variables in the other 

systems of the socio-ecological model.  
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Figure 2.1 Socio-ecological model for children’s physical activity with different levels 

and potential variables, adapted from Sallis et al. (2008) 

 

2.3.1 Intrapersonal Factors Influencing Physical Activity 
The intrapersonal level consists of factors such as personal history, biological factors, and 

other internal characteristics (Sallis et al., 2008). More specific examples tested in 

research studies include gender, age, ethnicity, and physical literacy. For example, being 

male has been positively associated with PA (Sallis et al., 2000; Van Der Horst et al., 

2007), and age has been inconsistently linked to PA among children aged 4 to 12 years 



16 

 

old (Sallis et al., 2000; Van Der Horst et al., 2007). Furthermore, it was found that 

Caucasian children were more active than other ethnic groups (Sallis et al., 2000), but no 

strong result was found in an updated review (Van Der Horst et al., 2007). 

 

Recently, the term “physical literacy” has become more common in PA literature, 

describing the skills, movement patterns, and knowledge to be physically active in 

multiple settings (Belanger et al., 2018). In 2018, 14 articles were published as a special 

supplement on the topic of physical literacy in BMC Public Health (Naylor & Temple, 

2018). One of the articles examined the relationship between physical literacy and 

children meeting the PA guidelines. The study showed that, for children aged 8 to 12 

years old, if they met the minimum physical literacy guidelines for physical competence, 

motivation, and confidence, they were more likely to meet the PA guidelines than 

children who did not meet the minimum guideline (Belanger et al., 2018). 

 

2.3.2 Interpersonal Factors Influencing Physical Activity 
In the most general description, interpersonal factors are variables that involve other 

people, including family or friends’ support, the socioeconomic status (SES) of parents, 

children’s perceptions of barriers, and social networks (Sallis et al., 2008). These 

variables are usually difficult to measure and often rely on different proxy variables. A 

review by Gustafson and Rhodes (2006) of parental correlates and children’s PA found a 

strong positive relationship between children’s PA and parental support (parental support 

has been measured as involvement, encouragement, and facilitation of or in PA) 

(Gustafson & Rhodes, 2006; Pyper et al., 2016; Van Der Horst et al., 2007; Wilk et al., 

2018). Research on parental correlates has found also that children from two-parent 

households are more likely to participate in sports than children from other households 

(McMillan et al., 2016).Work by Taylor and colleagues found that children’s perceptions 

of safety, social, and neighbourhood barriers can have an inverse relationship with PA 

(Taylor et al., 2018a; Taylor et al., 2018b). In a review by Gustafson and Rhodes (2006), 

which examined family SES as a predictor of PA through parental employment and/or 

parental education questions, suggests that family SES is positively related to childhood 

PA levels (Gustafson & Rhodes, 2006). Socioeconomic status has also been measured 
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using median household income (Mitchell et al., 2016; Shearer et al., 2012). Finally, 

relationships with friends have been examined, but the results are not strong enough to 

draw any conclusions from in the review by Sallis et al. (2000). However, a 2007 review 

found a positive association between PA and friends’ support in adolescents aged 13 to 

18 years old (Van Der Horst et al., 2007).  

 

2.3.3 Temporal Factors Influencing Physical Activity 
Originally referred to as the chronosystem, this system differs as it is not a concentric 

ring but is now depicted as an arrow in Figure 2.1 to illustrate how the intrapersonal, 

interpersonal, and environmental influences on PA might change over time. The time 

scales can be as short as minutes or as long as decades. In most environmental research, 

the temporal realm is often omitted (Spence & Lee, 2003), but temporal changes can 

significantly impact children’s PA. Specifically, research suggests that children are more 

active during the week than at weekends (Belton et al., 2016; Comte et al., 2013), and 

that they are more active at different times of the year (Rich et al., 2012; Tucker & 

Gilliland, 2007). 

 

2.4 Built Environment Factors Influencing Physical Activity 
Research suggests that planning and altering the built environment could have a positive, 

enduring, and population-level impact on participation in PA (Ding & Gebel, 2012; Sallis 

et al., 2012). The built environment consists of all physical environments created or 

modified by humans, including urban design, physical features, land use, and 

transportation systems (Gilliland, 2010; Srinivasan et al., 2003). Previous studies have 

identified several factors in the built environment that play a role in influencing 

childhood PA: parks (e.g., access/density/proximity); recreation facilities (e.g., 

access/density/proximity); residential density, pedestrian street safety (e.g., zebra 

crossings, traffic lights, and speed bumps); traffic speed/volume; 

walking/biking/wheeling facilities (e.g., sidewalks, bike paths, and shortcuts); and 

neighbourhood disorder (e.g., crime, vandalism, and graffiti) (Clark et al., 2016; Davison 

& Lawson, 2006; de Vet et al., 2010; Ding et al., 2011; Larsen et al., 2009, 2012; 

Loebach and Gilliland, 2010; Taylor et al., 2018a; Tucker et al., 2009; Wilson et al., 



18 

 

2018) These variables have been measured using different methods, including 

geographical software and self- or proxy (parent) reporting. Regardless of the strengths, 

weaknesses, or gaps in research of these measurement types, most of these variables have 

only been tested among an urban population of children. The results have been mixed 

but, generally, a positive association between features of the built environment and PA 

has been found (de Vet et al., 2010; Ding & Gebel, 2012).  

 

Little information exists on environmental influences on rural children’s MVPA, but a 

systematic review on the influence of the built environment and PA was completed on 

adults in the rural setting (Frost et al., 2010). One of the conclusions of that review was 

that elements of the built environment appear to have different impacts depending on the 

geographical setting (Frost et al., 2010). This conclusion suggests that environmental 

features impact PA levels differently in different geographical settings (Frost et al., 

2010), but these environmental features identified in urban studies still offer a valuable 

starting point for research in rural areas. The following section examines the influence of 

urban studied features and hypothesizes the different impacts these features have on rural 

children’s PA. 

 

2.4.1 Parks and Outdoor Spaces  
Public spaces, including local parks, playgrounds, green space, and cul-de-sacs on 

neighbourhood roads, are recognized as neighbourhood resources that offer children a 

place to engage in either free or structured play (Potwarka et al., 2008). Some measures 

of park accessibility include distance to the nearest park (Greer et al., 2016) and parks 

inside a particular buffer (e.g., 500 m around a school, 1 km around a child’s house) 

(Mitchell et al., 2016). Research on parks and outdoor spaces has generally found a 

positive association between access/density/proximity of park space with levels of PA 

(Mitchell et al., 2016; Moore et al., 2010). For example, a review of the literature on 

children aged 3 to 12 years old found that almost half the studies identified a positive 

association between objectively measured park access/density/proximity and PA 

outcomes (Ding et al., 2011).  
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A study of 435 students in grades 5 to 8 from urban London (Ontario, Canada), using 

objective PA and park measures (park space in a buffer around a child’s home), found 

that children with greater access to parks had significantly higher average daily MVPA 

during non-school hours than those children without access (β = 2.653 p = 0.020) 

(Mitchell et al., 2016). The authors speculate that urban neighbourhoods with greater 

access to parks with sports fields afford opportunities for both structured (e.g., sports 

teams) and unstructured (e.g., playing with friends) PA. In contrast, a study in New 

Zealand on 184 children with a mean age of 7.6, using an objective measure of PA and 

Global Positioning System (GPS) units, found that less than 2% of children’s weekly PA 

was in a park (Quigg et al., 2010).  

 

While parks add green space to a city and create a welcoming place to play (Mitchell et 

al., 2016), they do not necessarily perform the same functions in a rural setting. Parks in 

rural settings might not be as important or useful as they are in urban settings, because 

they could be too far for children to travel to independently, or lack people to play with 

(structured activities such as team sports run less often than in urban settings), and there 

is generally more outdoor space to be active in rural environments, so children do not 

need to find a park. Similar conclusions are highlighted in a qualitative study by Moore et 

al. (2010) on a sample of rural children.  

 

2.4.2 Recreation Facilities 
There are numerous public and commercial recreation facilities, such as soccer pitches, 

baseball diamonds, tennis courts, community centres, arenas, pools, and outdoor 

basketball courts, which provide children with the opportunity to engage in active play or 

more structured activities (e.g., sports). Since it is difficult for children to travel long 

distances on their own, recreation facilities in local communities or neighbourhoods may 

serve as a hub for children’s free play or sporting activities. Recreation facilities have 

been studied in the built environment/PA literature, including density within a buffer 

(Nichol et al., 2010) and proximity to home (Wilk et al., 2018). A literature review 

examining children aged 3 to 12 years old found that recreation facilities are positively 
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associated with PA, with a little less than half the studies using objectively measured 

access/density/proximity to recreational facilities (Ding et al., 2011). 

   

For example, a study conducted in London (Ontario, Canada) on students in grades 7 and 

8, using self-reported measures of PA (survey), found that both their subjective (survey) 

and objective measures of access to recreational opportunities (geographic information 

systems (GIS) measured land-use mix, density of recreation opportunities, and level of 

park coverage) were significantly related to PA (Tucker et al., 2009). Furthermore, 

parent-reported access to recreation facilities identified that children were 2.04 (95% CI 

1.06-3.92 p < 0.05) times more likely to fall within the upper quartile of after-school PA 

(>180 min/day) than those in the bottom quartile (<60min/day) without access. Using 

objective measurements of the environment, children living in a neighbourhood with two 

or more recreation facilities were 1.65 (95% CI 1.09-2.50, p < 0.05) times more likely to 

be categorized in the upper quartile of PA (Tucker et al., 2009). In comparison, a study 

examining children in grades 6 to 10 across Canada found no consistent relationship 

between the availability of objectively measured recreational facilities (number of 

recreation facilities in a buffer) and self-reported adolescent PA. For example, boys living 

in areas with the fewest recreational facilities compared with boys living in areas with the 

most recreational features experienced slightly higher rates of PA (1.15, CI: 0.98-1.32), 

and the opposite was true for girls (0.86, CI: 0.69–1.04) (Nichol et al., 2010), but neither 

result was statistically significant.  

 

In rural environments, recreation facilities may not be associated with an increase in PA. 

In some instances, distance to recreation facilities could be too great, which is a 

commonly cited concern in rural areas (Hennessy et al., 2010). Another reported issue is 

that recreation facilities in rural areas often offer limited programming that does not 

engage children and youth (Walia & Leipert, 2012). 

 

2.4.3 Residential Density  
Residential density is defined as the number of dwellings within a specified area 

(Forsyth, 2003) and is used to convey how concentrated a specific area is with people. 



21 

 

Residential density can be measured in different ways, but usually involves a basic ratio 

calculation with the number of dwellings divided by the area of land they occupy (Larsen 

et al., 2009). A review of studies on children aged 3 to 12 years old found that just below 

half the studies identified a positive association between residential density and 

objectively measured PA (Ding et al., 2011). 

 

A study of 799 suburban adolescents aged 11 to 15 years old living in San Diego, 

California found that there was no association between residential density and PA 

(Norman et al., 2006). Conversely, a study of children aged 5 to 18 years old from 

Seattle, US found that residential density was the most important predictor of PA in the 

walkability index. The walkability index is a mix of 19 factors that have been 

demonstrated to be related to active transportation. The study found that when students in 

the lowest tertile of residential density were compared with the upper tertile, those in the 

upper tertile of objectively measured residential density were 3.2 times (1.44–7.30) more 

likely to actively commute to school at least once per week (Kerr et al., 2006). A study 

from Vancouver (British Columbia, Canada) of children aged 8 to 11 years old also 

found that residential density was a significant predictor of PA, but only at a 1600 m 

buffer around a child’s address (Van Loon et al., 2014).  

 

These results could be similar for some rural environments. For example, in rural 

Ontario, some communities are based on single industries. In these single-industry towns, 

the main population is centrally located and has a higher residential density than other 

people living in more dispersed rural areas surrounding the community. The areas with 

higher residential density might be more conducive to PA because there are more nearby 

children to play with than in areas with a lower residential density; sprawling rural areas, 

compared with defined residential areas, can be a major barrier to children building PA 

into their lives (Yousefian et al., 2009). 

 

Although the research on the urban environment can be mixed, it generally suggests a 

positive relationship between supportive built-environment features (e.g., parks, 

recreation facilities, residential density) and children’s PA. This urban research provides 
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rural researchers with a valuable starting point for determining environmental variables 

that could be important in rural environments.  

 

2.5 Rural Built Environment and Physical Activity 
Children from rural environments have different levels of PA when compared with urban 

children (McCormack & Meendering, 2016). This discrepancy might be accounted for by 

the differences in the urban and rural environments and the way that rural children use 

their environment. However, few studies have examined the influence of the environment 

on rural children. Some studies that have analyzed the rural environment have had an 

urban comparison group. These unique studies suggest that differing environmental 

features are important for rural and urban children.  

 

A study from the United Kingdom on 100 males and females aged 9 to 10 years old 

found that rural children were most active in farmland (8.8 minutes of MVPA per day) 

and grassland (7.1 minutes of MVPA per day), while urban children were most active in 

gardens (11.0 minutes of MVPA per day) and on roads and paved areas (7.9 minutes of 

MVPA per day) (Jones et al., 2009). A study in Nova Scotia (Canada) of children aged 

12 to 16 years old found that boys (28.8 minutes of MVPA) and girls (32.3 minutes of 

MVPA) living in rural areas were most active in the school environment, while boys 

(70.5 minutes of MVPA) and girls (96.7 minutes of MVPA) living in urban areas were 

most active commuting (Rainham et al., 2012). However, a large study on 4,503 students 

from 20 schools using subjective PA measurements found none of the environment-level 

factors were associated with students’ time spent in PA across rural schools. The study 

did find that having an extra room for PA, having a shopping mall within a 1 km radius, 

and offering daily physical education led to increases in PA in urban and suburban 

schools (Hobin et al., 2013). Overall, these studies suggest that there is something in rural 

and urban contexts that influences the importance of environmental factors.  

 

Some qualitative studies have further examined the perceptions of children living in rural 

areas and their environments and have found some common themes related to children’s 

perceptions of facilitators and barriers to their PA and the environment. Most studies 
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found that limited resources, “stranger” danger, and distance have a negative influence on 

PA (Findholt et al., 2011; Moore et al., 2010). For example, 84 males and females aged 

10 to 18 years old and living in the rural US shared in focus groups that the presence of 

criminals may deter them from being active outside more in a rural environment than in 

an urban environment. This finding might be explained by a perceived higher risk of 

being threatened in an isolated or remote setting, such as a rural community (Yousefian et 

al., 2009). Other perceived barriers for using the built environment included a lack of 

outdoor amenities, a lack of transportation from the city and school-based facilities, and 

large shopping centres with box stores that encourage residents to drive rather than to 

walk to complete errands (Yousefian et al., 2009). Another study, using photovoice with 

nine teenagers aged 13 to 18 years old from Southern Ontario, found that having a lack of 

opportunities for PA close to home, living in a sparsely populated area, not having 

streetlights or sidewalks, and a lack of transportation were all considered barriers to PA 

(Walia & Leipert, 2012)  

 

Overall, it does appear that some urban features that have been studied could be 

important in certain rural contexts, providing researchers with a valuable starting point. 

However, few studies focus on examining the environmental influences on rural 

children’s PA. The paucity of information of the environmental influences on rural 

children’s PA is a threat to health equity in Canada (Nykiforuk et al., 2018). Using urban 

areas to create a starting point is particularly valuable in this research project as the 

concurrently designed methods allow for only one opportunity for data collection. In this 

dissertation, the quantitative data are used to examine popular environmental features, 

while the qualitative research adds nuance and suggest new variables to explore.  

 

2.6 Natural Environment Factors Influencing Physical Activity 
One limitation of most PA research is that it rarely reports on the impact of the natural 

environment, in this case, specifically seasonality and weather. Seasonality is essentially 

the change in broad weather patterns that typically happen throughout the year. This 

aspect is important to consider, because studies have shown that PA varies with the 

season (Rich et al., 2012; Tucker & Gilliland, 2007). A systematic review found that 
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levels of PA appear to be highest in spring and summer months (Tucker & Gilliland, 

2007). Results from a more recent review using only accelerometer-based studies are 

mixed, but they too generally suggest that children are more active in the spring and 

summer (Rich et al., 2012).  

 

Currently, there seems to be a shift in research on seasonality, from a more simplistic 

analysis of looking at whether different seasons affect PA, to a more advanced method of 

trying to determine how daily weather patterns influence PA. Specifically, a study on 307 

children aged 8 to 13 years old found that temperatures between 20 ℃ and 22 ℃ 

corresponded with the highest PA levels (Remmers et al., 2017). Another example, a 

study on 23,451 children from the International Children’s Accelerometry Database, 

found that precipitation and wind are associated with decreased counts per minutes, and 

that more daylight, visibility, and increased temperature result in increases in counts per 

minute (Harrison et al., 2017).  

 

Few studies have been conducted in Canada, and those studies that do exist are located in 

major cities (Katapally et al., 2015; Lewis et al., 2016; Mitra & Faulkner, 2012). In 

Canada, there is the potential for drastic weather change: in 2019, the average maximum 

temperature in January in London ON was -7 ℃; in Thunder Bay ON, it was -16 ℃; and 

in Pickle Lake ON, it was -20 ℃, and these three locations are all located in one province. 

With most of the research being done in urban areas, researchers do not understand the 

influence of weather on PA in rural areas. For example, a study in urban environments 

during the school day found that having access to indoor recreation facilities reduces the 

impact of weather-related declines in MVPA (Harrison et al., 2011). In urban areas 

during poor weather, children can use one of the many recreation facilities available to be 

active. However, in rural areas during poor weather, these facilities may not exist or, if 

they do, children may face the additional barrier of distance and transportation. 

Understanding how PA differs by season and in different locations is imperative for 

understanding PA levels in Canadian children.   
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A significant limitation that exists on children’s PA literature is the lack of research that 

has been done in rural areas (Meyer et al., 2016; Nykiforuk et al., 2018). Most of the 

studies use samples from a single urban area. These studies do provide valuable 

information but offer little generalizability to rural areas, especially rural northern areas. 

With other research revealing differences between rural and urban health statuses, it is 

paramount that researchers surveil and examine the environmental influences on rural 

children’s PA (Hansen et al., 2015; Meit et al., 2014; Mitura, & Bollman, 2004; Pong et 

al., 2009). Rural areas account for a substantial portion of the Canadian population; 

therefore, it is imperative that we understand how rural environments influence childhood 

PA (Statistics Canada, 2018). The aim of this dissertation is to address these limitations 

using the socio-ecological model.  

 

2.7 Defining the Rural Environment  
In the preceding section, the word “rural” was used in a comprehensive sense and 

encompassed a diverse set of spaces. This issue of meaning was highlighted at a 

conference/think tank with some of the best rural researchers in North America. At this 

conference, they identified “a lack of clarity and transparency in how the term rural is 

conceptualized in the literature” (Nykiforuk et al., 2018). The ambiguity of the term is 

problematic because it makes it difficult to compare studies or generalize the results of 

studies (Frost et al., 2010; McCormack & Meendering, 2016). Statistics Canada uses at 

least six different definitions to delineate rural regions. These definitions use population 

density, population size, distance from an urban area, distance to an essential service, or a 

combination of these factors (du Plessis & Clemson, 2001). There are other definitions 

that are also used to define the term in specific research studies. For example, a study 

from Halifax uses the local planning guide (Rainham et al., 2012), and some studies fail 

to define “rural” at all (Cottrell et al., 2015; Loucaides et al., 2004). Similar to Canada, 

studies from other countries use comparable measures, such as population size, 

population density, distance to the nearest metropolitan area, or a combination of the 

three, but since the exact cut-offs are rarely the same, it is difficult to compare or 

combine the research from other countries. For example, the US define areas under 2,500 
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people as rural (Ratcliffe et al., 2016); whereas, one of Canada’s definition uses 1,000 

people (du Plessis & Clemson, 2001). 

 

Using different definitions of rural is problematic because different definitions could lead 

to different samples being selected, making it difficult to compare research studies or 

biasing the results. Depending on what definition is used, Canada’s rural population can 

differ by 16%, from 6.3 million to 10.8 million people (du Plessis et al., 2001; Ricketts et 

al., 1998). Regarding this dissertation, these populations could have different traits 

related to PA. For example, overall, there is a difference between Canada’s rural and 

urban income levels in adults (Singh, 2002). Thus, if researchers choose a definition that 

includes more urban populations, they could be including people with a higher income, 

and higher incomes are sometimes used as a proxy for SES, which has been associated 

with higher PA levels in children (Gustafson & Rhodes, 2006). 

 

The purpose of this dissertation is not to argue for a specific definition of rural, but to use 

an easily definable and consistent definition to examine the environmental influences on 

children’s PA. In this dissertation, we use four general categories: urban, suburban, urban 

small town, and rural. However, most of the focus is on four communities with fewer 

than 2,000 people. These categories are based on population size and a working meeting 

between members of the STEAM team and are described in greater detail in the 

following chapter. Population is used to differentiate between categories because it has 

previously been used in other academic studies and is easy to distinguish between the 

groups (Joens-Matre et al., 2008; Moore et al., 2014). Using this definition, we 

understand that potential bias could exist, but when the term “rural” is highly contested, 

some sampling bias is inevitable. Table 2.1 contains the urbanicity breakdown, with a 

brief description of each. In the following section, descriptions of the communities from 

each level of urbanicity are discussed.  
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Table 2.1 Description of each urbanicity  

Classification Description 
Urban Large 
City 

Geographical areas with more than 100,000 people residing 
in the subjectively defined city limits 

Suburban Large 
City 

Surrounding larger geographical region with more than 
100,000 residents 

Urban Small 
Town 

Regions with a population of 10,000-99,999 

Rural Small 
Town 

Geographical areas with a population of fewer than 9,999 

2.8 Conclusion 
The purpose of this chapter was to (1) summarize the information on the prevalence of 

children’s PA in Canada; (2) to describe the socio-ecological model and the variables 

considered in this model; and (3) to present information on urban children’s PA and the 

environment as a starting point to discuss rural children’s PA and the environment. This 

section concluded with (4) a discussion of the term “rural” regarding how it is used in this 

dissertation. There is a paucity of research focusing on children in rural areas in Canada, 

and a tendency for research to focus efforts on metropolitan areas. These metropolitan 

areas have provided us with some valuable information as a starting point for examining 

environmental influences in the rural environment. However, the lack of rural-specific 

information leaves policymakers and practitioners without evidence. This dissertation 

contributes evidence to this area by examining the environmental influences on PA 

among children in rural Northern Ontario.  
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Chapter 3 

3 Methods  
3.1 Overview 

The purpose of this chapter is to outline the methods of the Spatial Temporal 

Environment and Activity Monitoring (STEAM) project and describe the study areas to 

add geographical context to this dissertation.  

 

3.2 Study Sample and Recruitment 
This study uses data from the STEAM project. The STEAM project examines health 

behaviours in children in grades 4 to 8 (ages 8-14 years old) from 37 elementary schools 

in Ontario, Canada. The elementary schools were in two distinct geographical regions, 33 

schools from Southern Ontario and four schools from Northern Ontario. Between 2009-

2013 schools in Southern Ontario were selected from Middlesex, Elgin, Chatham-Kent, 

Essex, Huron, and Oxford counties in four publicly funded school boards (Thames Valley 

District School Board, London District Catholic School Board, Conseil Viamonde and 

Conseil Providence) and one private school. Schools were selected from groups of 

schools stratified by neighbourhood socio-economic status and urbanicity (e.g., urban, 

suburban, rural small town, rural). Across the four-year study period, there was 100% 

retention of schools. Recruitment presentations were made to 1394 students, of which 

932 agreed to participate (66.9% participation rate). A total of 791 students (84.9%) in 

this group completed the data collection across both time points in the Southern Ontario 

cohorts. 

 

In 2016, the study was replicated in Northern Ontario. Schools were selected from the 

towns of Nipigon, Red Rock, and Dorion, and included all schools from both publicly 

funded school boards (Superior Greenstone District School Board and Superior North 

Catholic District School Board) in these communities with grades 4-8. Across the study 

period, there was 100% retention of schools. Recruitment presentations were made to 194 

students, of which 136 participated in data collection in the first round of the study 

(70.1% participation). A total of 125 students (91.2%) in this group completed the data 
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collection across both time points in the Northern Ontario cohort. The STEAM project 

was conducted with approval from the Non-Medical Research Ethics Board at the 

University of Western Ontario and all seven of the participating school boards (see 

Appendix A). Before participating in this study, children were made fully aware of all 

aspects of the study and required to obtain signed parental consent, as well as provide 

their own signed assent.  

 

Students were invited to attend a presentation given by a member of the STEAM team 

where a brief presentation about the project was given (as shown in Figure 3.1). If the 

child was absent a team member told the child about the project, so they were not 

excluded. In Northern Ontario schools, information was sent out to parents via the school 

Facebook page before the presentation to the students. Data collection was conducted in 

all schools using an 8-day multi-tool procedure in two different seasons. A survey was 

used to collect information on their socio-demographics, PA, mobility, the perception of 

the environment, and other health behaviours. Children were asked to wear an Actical 

accelerometer on their hip for eight consecutive days and a global positioning system 

(GPS) device that passively logged locational data every second. Children were also 

asked to complete a daily activity diary where they recorded their activities school trips, 

sleep behaviour, and food purchases. Focus groups were held over lunch hours between 

data collection cycles.  

 

 

 

 

 

 

 

 

 

Figure 3.1 A member of the STEAM team presenting about the STEAM project 
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3.3 Multi-method Approach  
One challenge that all researchers face is determining the most appropriate methods to 

collect data. Several methods have been used to quantitatively measure factors that 

influence children’s MVPA, including surveys, geographic information system (GIS), 

and census data (Button et al., 2013; Loucaides et al., 2004; Mitchell et al., 2016). 

Although, these quantitative measures typically provide reliable and valid data, the 

results from these purely quantitative-based studies are limited in the type of information 

they can provide. To illustrate this point, a study by Mitchell et al. (2016) found that 

parks were important for children’s PA, but this study only hypothesized why this feature 

was important. Studies that have attempted to understand PA at a deeper level using 

qualitative methods, such as focus groups or activity diaries, are usually limited as these 

studies do not provide quantifiable evidence that is necessary to justify the 

implementation of new programs (Moore et al., 2010; Wilson et al., 2005). For instance, 

a study by Wilson et al. (2005) found that boys’ favourite activities were basketball, 

football, soccer, and baseball; whereas, girls rated their favourite activities as playing 

basketball, swimming, and roller-skating; and both genders reported that they would 

participate in activities if they were fun, provided a health benefit, and involved friends. 

However, there are no data from this study that suggest that building a program around 

these activities would increase PA levels (Wilson et al., 2005). When examining complex 

problems such as PA, combining objective measurements with rich contextual data has 

the potential to unlock beneficial information that could improve our understanding of 

children’s PA and subsequently develop effective programming. STEAM projects have 

the same multi-method data collection protocol, collecting data longitudinally to 

understand better the potential causal relationships between the built environment and 

PA. The data collection tools include: 

1) Geographic Information Systems (GIS); 

2) Healthy Neighbourhood Surveys for Child and Parent; 

3) Accelerometers; 

4) Wearable Global Positioning Systems (GPS) loggers;  

5) Activity diaries;  

6)  Meteorological data; 
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7) Focus groups; and 

8)  Positionality  

 

3.3.1 Geographic Information Systems 
A database with built-environment variables describing the opportunity structures for PA 

were created in GIS software. The opportunity structures that are included in the spatial 

database include recreation opportunity, park provisions, and infrastructure for active 

transport. There are also a series of other variables on social environment variables 

provided by the Canadian Census at the dissemination area level, which is the smallest 

geographical areal unit for which Statistics Canada releases socioeconomic data.  

 

3.3.2 Healthy Neighbourhood Survey 
Each round of the project began with child and parent versions of the Healthy 

Neighbourhood Survey. The survey included previously-validated or heavily used 

questions from widely used surveys (Neighbourhood Quality of Life Study, the 

Neighbourhood Environment Walkability Scale, the International PA Questionnaire for 

children, and the Pediatric Quality of Life Measurement Model) (Cerin et al., 2006; Janz 

et al., 2008; Varni et al., 1999), thereby allowing us to compare our results with other 

studies (Saelens et al., 2003). Copies of parents and child survey can be found in 

Appendix B. The survey primarily assessed children’s perceptions of their local 

environments and potential barriers and enablers to PA. The parent version of the survey 

was used to discern how parents/guardians perceive neighbourhood features and safety 

concerning their children's activities. Socio-demographic information on the child and 

household were also gathered, such as age, gender, household income, household 

composition, parents' education, parents' employment status, and ethnicity, as well as 

parental attitudes/controls regarding children's activities (e.g., rules about playing on the 

street). 

 

3.3.3 Accelerometers 
The Actical accelerometers (Bio-Lynx Inc.) measure PA and active energy expenditure. 

The units are proven valid for children (Evenson et al., 2008). Each accelerometer was 
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calibrated for sex, objectively measured and recorded height and weight, date 

(synchronized to GPS time), and was set to record PA in one-second epochs by trained 

researchers (Puyau et al., 2002, 2004). Participants wore the accelerometers around the 

waist for all waking hours, except during water-based activities for one week. At the end 

of each study period, the accelerometer data were downloaded into Microsoft Excel and 

SPSS for processing.  

 

3.3.4 Global Positioning System 
The GPS units (Visiontac VGPS-900 or Columbus V-900 Bluetooth) are a reliable and 

accurate tool for objectively measuring the activity patterns of children outdoors. In the 

STEAM project, the children wore the GPS units on a lanyard around their neck to make 

them unobtrusive and easy to use. The units were set to record in 1-second intervals. The 

GPS continuously records data on time/date, speed, altitude, trip distance, and spatial 

location within 2.5 m (field verified). The GPS data were downloaded from the device 

during the team’s daily visit to the schools and changed out if the battery was dead. At 

the conclusion of the study, the data were imported into GIS software for visual 

inspection and data cleaning. 

 

3.3.5 Activity Diaries 
Participating students self-completed an activity diary for each 8-day period that they 

wore the accelerometer and GPS. Each day, participants recorded what times they woke 

up and went to bed, the transport mode(s) they took to/from school (and elsewhere), 

activities they engaged in, and with whom they participated in activities and trips. In this 

way, the diary serves as a compliance log, as well as provides supplementary information 

on specific activities (Bates & Stone, 2015). The tool is based on a previously-validated 

activity diary and is moderately acceptable compared to objective measures (Sallis, 

1991). 
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3.3.6 Meteorological Data 
Meteorological data were obtained from the Environment Canada historical weather data 

website (Government of Canada, 2018) for the closest meteorological station for each 

specific day of the study. 

 

3.3.7 Focus Groups 
Semi-structured focus groups were completed with a subset of the STEAM sample. In 

order to be eligible to participate in the focus groups children had to provide assent and 

have parent consent that included an audio recording and the potential that anonymous 

direct quotes could be used in knowledge translation documents. The child focus groups 

took place at the child’s school, lasted approximately 30-45 minutes outside class time 

(during lunch or recess periods). Question areas were grouped around two main topics 

PA and nature. 

 

Research assistants from the HEAL lab visited each school every school day during the 

duration of the study to ensure that the children were wearing the equipment properly, 

uploading data and filling out their activity diary correctly.  

 

  
Figure 3.2 STEAM team checking activity diaries and downloading GPS data 
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3.3.8 Positionality 
When discussing this research project, I have been asked, “Why did you pick these 

communities in rural Northern Ontario?” The answer is simple: I grew up there! As a 

graduate student, I was tasked with reviewing the literature on the environment and 

health and identifying a gap that needed to be filled. After researching and reading article 

after article, I realized that people like myself were missing from the literature. The 

common discourse on the rural environment is generally focused on agricultural 

communities or on communities that are located near major centres. This focus on these 

specific types of rural communities marginalizes children from an already understudied 

type of rural (see below). With a located gap in the research, I approached my advisor 

about conducting a research project based on the original STEAM project in my 

hometown. Although the lab had many opportunities in London, he agreed to send me to 

my hometown with other graduate students to conduct this project. 

 

I grew up in one of the small rural communities in this study. I spent most of my 

summers during university working for the township as a youth recreation programmer, 

and I worked as an occasional teacher in all the study schools before beginning my Ph.D. 

My parents still live in the same house I grew up in, and my sister lives down the street 

with her husband and two sons. Growing up, teaching in the study schools, and knowing 

some of the principals from my days as an elementary school student, I was able to obtain 

access to principals and teachers. I discussed with the principals any concerns they had, 

and they knew I would represent the community fairly. Being a part of the community, I 

was also able to put parents at ease, as most of them knew me or my mother, who worked 

at the local post office, or my father, an electrician in the mill before it closed. This trust 

was demonstrated during the study when I had a parent call my parents’ phone number 

(not listed in the letter of intent) regarding a piece of equipment. Furthermore, I had 

parents ask me more about the study after the men’s hockey night, and I had the arena 

attendant call me on multiple occasions as he found different equipment (accelerometer 

and GPS) in different places around the arena. Being part of the community allowed me 

to interpret the results based on a combination of my own memories growing up in 

similar circumstances, working in these communities, and via discussions with parents, 
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teachers, and principals while remaining grounded in the relevant literature. My unique 

insider knowledge, in a multi-method project, combined with strategic outsider co-

authors, allowed us to interpret this research in a way that is based on local context but 

that still contributes to the field of health geography. 

 

3.4 Study Areas  
The STEAM project was conducted in Northern and Southern Ontario; below is a brief 

description of the study areas.  

 

3.4.1 Northern Ontario  
The primary study areas are situated in the heart of Northern Ontario about 120 km east 

of Thunder Bay, Ontario and 600 km West of Sault Ste. Marie, Ontario. Here one will 

find the rural small town of Nipigon (population 1,642), the rural Township of Red Rock 

(population 895), the rural Township of Dorion (population 316), the dispersed rural 

community of Hurkett (population 236) and the Lake Helen 53A Indian Reserve 

(population 303) (Statistics Canada, 2018), as shown in Figure 3.3. Almost every map of 

North America shows Lake Nipigon as a significant geographic feature. Lake Nipigon 

and the Nipigon River is the largest tributary to Lake Superior which borders most of the 

study region. The area is known for towering cliffs, distinctive red rocks, and a Lake 

Superior shoreline of elongated peninsulas, bays, and islands. The local communities are 

surrounded by forest with mostly spruce, jackpine, balsam fir, tamarack, cedar, aspen, 

poplar, and white birch (Hillmer & Bothwell, 2018). The combination of rugged 

wilderness and plentiful streams makes the area ideal for hunting and fishing. However, 

the dense and rugged forest that surrounds the local communities does provide potential 

danger as the bears and wolves will routinely come directly into the community and have 

been found on school playgrounds.  
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Figure 3.3 Map of study area of Northern Ontario 

 

The Indigenous people were the first inhabitants of the area, but with the fur trade in the 

eighteenth and nineteenth centuries, then with the construction of the railway in the late-

nineteenth century, Europeans came to the area, with each small town having its own 

ethno-cultural make-up (Hillmer & Bothwell, 2018). The area still maintains a large 

Indigenous population along with people of European ancestry. During the 1950s the 

forest industry was a major employer in the area (Brill, n.d.). However, due to 

unfavourable economic circumstances and devastating fire the local paper mills closed in 

2007, and the area has been searching for a new major employer since the 2000s 

(“Nipigon mill fire a `devastating’ loss,” 2007).  

 

In Nipigon, the largest population cohort is 55-59 years old, and the median age is 49 

years. The median household income is about $57,000 CAD, almost $17,000 lower than 

the provincial average (Statistics Canada, 2018). Only 85 people in all of Nipigon claim 

to be immigrants to Canada and nearly 30% of the population claim aboriginal identity 
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(Statistics Canada, 2018). As shown in Figure 3.4, houses are located relatively close to 

each other, but once you leave the settled area, you are surrounded by vast forest. 

Nipigon has one recreation facility with a hockey arena (ice in winter, open in summer 

for general activities), a curling club, a seasonal outdoor pool (July and August), and two 

elementary schools. Both Nipigon and Red Rock have parks, basketball courts/tennis 

courts (all on the same cement pad), a grocery store, a variety store, and a couple of 

restaurants. Red Rock has one elementary school, the area high school, one recreation 

facility with a hockey arena (ice in winter closed in summer) and an indoor basketball 

court (closed in summer). 

 

In contrast, Dorion only has a school that doubles as the community centre. It has one 

park and a basketball court, both on the school property, and almost all students need to 

be bused to the school. Dorion is a very low-density settlement; closest neighbours are 

often a few kilometres away. A few kilometres outside of Nipigon lies the Lake Helen 

Reserve which has an outdoor hockey rink, a few parks, and two convenience stores. The 

trans-Canada highway runs through, or acts as a boundary in Nipigon, Dorion, Hurkett, 

and the Lake Helen Reserve while Red Rock lies about eight kilometres off the highway. 

  
Figure 3.4 Aerial photo of Nipigon, ON (Google, 2018) 
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3.4.2 Southern Ontario 
In this section, characteristics of one of the communities from each level of urbanicity in 

Southern Ontario will be described to help add further context to the dissertation. Figure 

3.5 shows a map of both STEAM North and STEAM South study areas. The largest 

group of students in the Southern Ontario sample is from the city of London, which is 

currently ranked as Canada’s 11th largest metropolitan area (Population: 383,822) 

(Statistics Canada, 2018). The city of London lies approximately 200 km from both 

Toronto, Ontario (to the east) and Detroit, Michigan (to the West). In this study, Large 

Urban is defined as cities with a population greater than 100,000 (London). For analysis 

in this study, we refer to Urban neighbourhoods as the central part of the city of London, 

or the area of the city corresponding to the City of London boundaries in 1959 before 

widescale suburban development. Neighbourhoods in this urban area have a distinctively 

urban form, where there is more mixed land use, greater population densities, and more 

grid-like street networks. Suburban is defined as the remaining area within the current 

city limits of London, areas annexed between 1960 and 1992. These areas are 

characterized by more isolated residential zoning, lower population densities, and less 

permeable street networks. The City of London maintains 133 sports fields, 63 

playgrounds, 255 parks and 21 recreation centres with plenty of different recreation 

options (HEAL, 2016). The most predominant age group in London is between 50-54 

years old and the median age is 41 years. Almost 22% of people claim to be immigrants 

with less than 3% of the population claiming an aboriginal identity. For the most part, 

London's population still identifies with a European or Canadian origin. The median 

household income is about $62,000 CAD (Statistics Canada, 2018).  

 

The urban small towns in the STEAM project include Chatham (Population: 44,676), 

Strathroy (Population: 14,401), and Tillsonburg (Population: 14,933). One town we will 

take a closer look at is Strathroy. The town of Strathroy is about 35 km from the city of 

London. The town of Strathroy has seven sports fields, six schools, three conservation 

areas, six parks, and four recreation centres. (HEAL, 2016) The median household 

income is $66,100 CAD. The median age is around 43, about 14% of the population is 

immigrants, and only 2% claim an aboriginal identity (Statistics Canada, 2018).  
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The rural small towns in the STEAM South study include Tilbury (Population: 4,765), 

Stoney Point (Population: 1,146) and Mount Brydges (Population: 1,834). The town of 

Tilbury is located about 130 km from London, but its closest major centre would be 

Windsor, Ontario located about 60 km east. The community has four schools, an arena, 

splash pad, skateboard park, tennis court, outdoor pool, and a baseball field (Municipality 

of Chatham-Kent, 2018). The median age is around 41 years, only 6% of people claim to 

be immigrants and 2% claim an aboriginal identity. The median household income is 

about $58,300 CAD (Statistics Canada, 2018). Other rural areas include Arva 

(Population: N/A), and St. Joachim (Population: N/A). Arva is located 10 km north of 

London and has one school, a park and a few local businesses; however, Arva is largely a 

bedroom community of London.  
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Figure 3.5 Map of STEAM Project Areas in Northern and Southern Ontario including 

levels of urbanicity 

 

Examining the similarly defined rural small towns of Nipigon and Tilbury in Table 1 

reveals that there are some similarities, as they both have a few schools, parks, outdoor 

arena, pool, and splash pads. There are critical geographical differences, however, as 

Nipigon is located over 100 km from its nearest metropolitan centre (Thunder Bay); 

whereas the rural small towns in Southern Ontario are much closer and therefore much 

more influenced by larger urban centres (London or Windsor). Nipigon also has a higher 

average age and lower median income.  
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Table 3.1 Comparison of similarly defined Nipigon (STEAM North) and Tilbury 

(STEAM South) 

 Nipigon Tilbury 

Population 1,642 4,765 
Closest Major Centre 110 km 60 km 
Schools 2 4 
Recreation Facilities  2 6 
Median Household Income 
(CAD) 

57,000  58,300 

Median Age 59 41 

3.5 Conclusion 
The purpose of this chapter was to provide a more detailed description of the study 

protocol and study areas. The objective was to give the reader a comprehensive 

understanding of the STEAM project, a basic understanding of the research tools, and a 

contextual understanding of the study area. Having a basic understanding of the tools and 

study area provide a foundational knowledge for the dissertation.   
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4.1 Abstract  

Introduction: Low levels of moderate-to-vigorous physical activity (MVPA) are 

consistently reported for children living in industrialized countries. These perennially 

inadequate levels of MVPA have been linked to increased risk for chronic disease. Little 

research uses a comprehensive approach to examine how correlates of PA differ for 

children on weekdays versus weekends. The purpose of this research is to examine the 

factors that influence whether children achieve 60 minutes of MVPA on weekdays 

compared to weekend days. 

Methods: Children (n = 532) ages 8 to 14 years from Southern and Northern Ontario, 

Canada participated in the study between 2009-2013 and 2016 and data were analyzed in 

2019. Children’s MVPA was measured using an Actical accelerometer, environmental 

features measured with a geographic information system (GIS), and demographic data 

from child/parent surveys. A forward selection method was used to build the model for 

variables from a socio-ecological model on children meeting or not meeting the PA 

guidelines. 

Results: During the week, boys were more active than girls (OR = 4.153 p < 0.001) and 

as age increased children were less likely to reach the MVPA guidelines (OR = 0.716 p = 

0.001). On weekends boys were still more likely to meet the guidelines (OR = 1.706 p = 

0.011) and children living in rural Northern Ontario were significantly more likely to 

reach the MVPA guidelines compared to all groups in Southern Ontario. 

Conclusions: The findings indicate that different variables influence whether children 

meet the MVPA guidelines on weekdays compared to weekends. Comparing weekdays 

and weekends provides more useful information for creating effective PA interventions.  

Keywords: rural population, urban population, children, physical activity, weekday, 

weekend 
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4.2 Introduction 
Low levels of physical activity (PA) is a major health problem in industrialized countries 

around the world (Hallal et al., 2012). In North America, less than 35% of children and 

youth are achieving the recommended 60 minutes of moderate-to-vigorous PA (MVPA) 

(Barnes et al., 2018; National Physical Activity Plan Alliance, 2018). This figure has 

remained consistent over the past 10 years (Colley et al., 2011; National Physical 

Activity Plan Alliance, 2018). Increasing the proportion of children meeting the MVPA 

guidelines of 60 minutes of MVPA per day is imperative, as higher levels of MVPA are 

linked to a decrease in chronic disease risk factors, such as obesity, high blood pressure, 

and waist circumference (Carson et al., 2013, 2014; Janssen & Leblanc, 2010).  

 

Previous research has identified that children are highly active during the school day with 

many children getting at least half of their 60 minutes of MVPA while at school (Clark et 

al., 2019). On the weekends, there is typically a significant decline in MVPA levels 

(Comte et al., 2013), as children do not have the structure of school to provide 

programmed opportunities for MVPA. Researchers have examined differences in MVPA 

levels between weekdays and weekend days (Fairclough et al., 2012), but there is little 

research that takes a comprehensive approach to examining MVPA on weekdays and 

weekend days that includes geographically separate places. This paper will address this 

gap by using the socio-ecological model (SEM) to examine the factors that influence 

children’s ability to achieve their recommended minutes of MVPA on weekdays 

compared to weekend days.  

 

Health researchers have used the SEM to help develop an understanding of the factors 

that influence children's MVPA (Martins et al., 2017; Sallis et al., 2008). The SEM 

provides the framework to understand how the complex interactions of the intrapersonal, 

interpersonal, physical environment, and policy factors interact to influence behaviour. 

At the intrapersonal level, age has an inverse relationship with PA (Sallis et al., 2000; 

Biddle et al., 2011), boys are more active than girls (Biddle et al., 2011; Kavanaugh et al., 

2015; Sallis et al., 2000), ethnicity can influence PA (Singh et al., 2008), and research 

related to how children perceive their ability to do certain activities has a positive 
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relationship with PA (Belanger et al., 2018; Biddle et al., 2011). At the interpersonal 

level children’s perceptions of barriers in their neighbourhood can have an inverse 

relationship with PA (Sallis et al., 2000; Taylor et al., 2018a), children from a two-parent 

household are more likely to participate in sports compared to other households 

(McMillan et al., 2016), parental support has a positive association on PA (Biddle et al., 

2011; Dowda et al., 2011; Sallis et al., 2000; Wilk et al., 2018), and socioeconomic status 

(SES) can impact PA levels. SES has been measured through parental employment 

(Estabrooks et al., 2003; Lasheras et al., 2001) and median household income (Mitchell et 

al., 2016; Shearer et al., 2012). At the policy level, girls who attend a school with a 

balanced school day are more active (Clark et al., 2019). 

 

Physical environment variables which have shown positive association with PA are 

normally based on accessibility to features, such as distance to recreation facility 

(Davison & Lawson, 2006; Ding et al., 2011; Tucker et al., 2009), distance to school 

(Davison & Lawson, 2006; Ding et al., 2011; Larsen et al., 2009; Wilson et al., 2018), 

and if a park is near you house (Davison & Lawson, 2006; Ding et al., 2011; Mitchell et 

al., 2016). One part of the physical environment that research often overlooks is the 

general type of environment in which a child lives, specifically measured as the level of 

urbanicity. Urbanicity attempts to capture the characteristics of different environments 

including built forms and social norms that are inherent to different urbanicities. 

Traditionally, research is either confined to a single city (Mitra et al., 2017), an urban, 

suburban, rural dichotomy or trichotomy (Katapally et al., 2015; Rainham et al., 2012), or 

combines the data from urban, suburban, and rural into a larger analysis, e.g. analyses 

conducted for large national level reports (Barnes et al., 2018). These three methods miss 

nuances that could exist between different levels of urbanicity and varying geographical 

areas (Gilliland, 2010). Using more discrete measures of urbanicity can provide a more 

precise representation of how the general environment influences health-related outcomes 

(Sandercock et al., 2010; Taylor et al., 2018b; Tillmann et al., 2018). 

 

There are two main gaps in the literature this paper is trying to address. First, there is a 

lack of understanding as to the factors that are related to children getting 60 minutes of 
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MVPA on weekdays and weekend days using a comprehensive approach. Second, most 

researchers treat children living in urban, suburban, urban small towns, and rural areas 

the same, while research has shown that there are differences in the environments and the 

lives of children in these various urbanicities (Gilliland, 2010; Moore et al., 2010). To 

address these gaps in the literature, this paper will address two research questions:  

(1) What factors at the intrapersonal, interpersonal, physical environment, and 

policy levels influence children’s ability to get 60 minutes of MVPA on a 

weekday?  

(2) What factors at the intrapersonal, interpersonal, and physical environment levels 

influence children’s ability to get 60 minutes of MVPA on a weekend day? 

By addressing these questions, this paper will be able to inform researchers and health 

promoters to create more targeted policies and direct intervention development to 

increase MVPA among children in different geographic settings on both weekdays and 

weekend days. 

4.3 Methods 
Data were collected as part of the Spatial Temporal Environment and Activity 

Monitoring (STEAM) project. A full description of the STEAM project is available 

elsewhere (Mitchell et al., 2016). The STEAM project examines health behaviours of 

1,068 children in grades 4 to 8 (ages 8-14 years) from 33 elementary schools in Ontario, 

Canada. The elementary schools were located in two distinct geographical regions: 29 

schools from Southern Ontario and four schools from Northern Ontario. The schools in 

Southern Ontario were selected from groups of schools stratified by neighbourhood SES 

and urbanicity. The schools in Northern Ontario included four schools that were in a rural 

region of the Thunder Bay District. This study was conducted with approval from the 

Non-Medical Research Ethics Board at the University of Western Ontario and all seven 

of the participating school boards. Before participating in this study, children were 

required to obtain parental consent and sign their own assent form.  

 

Data were collected on individual and family characteristics, PA, perceptions of the 

physical environment, and other health behaviours. Data for this study was collected over 
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an eight-day period. Child participants and parents completed a survey with questions 

about demographics, PA, health-related quality of life, and perceptions of their 

neighbourhood environments. These survey questions were based on the Neighbourhood 

Environment and Walkability Survey (Cerin et al., 2006), Pediatric Quality of Life 

Measurement Model (PedsQL) (Varni et al., 1999), and other highly used surveys 

(Mitchell et al., 2016). Immediately after children completed the surveys, they were 

outfitted with a hip-worn accelerometer and a passive-GPS data logger that they wore for 

the duration of the study. 

 

The STEAM project was completed in two phases. The cross-sectional sample for this 

study includes the spring season from Southern Ontario (2009-2013) schools and the fall 

season of the Northern Ontario schools (2016) to control for weather differences. The 

original sample of 1,068 children, was reduced after eliminating participants who did not 

meet the following inclusion criteria: 1) meet an accelerometer wear-time minimum of 

10-hours per day (see Dependent Variable); 2) completed the child survey; and 3) have a 

valid home location identified by GPS. The final sample consisted of n = 532 cases. 

4.3.1 Dependent Variable: PA 
This study has two dependent variables derived from objective measures of PA using an 

accelerometer: (1) a binary measure of whether a child had an average of at least 60 

minutes of MVPA per day on weekdays; and (2) a binary measure of whether a child had 

an average of at least 60 minutes of MVPA per day on weekend days. MVPA was 

measured using an Actical® Z Accelerometer (Philips Respironics, Murrysville, PA, 

USA), a device worn around the hips sitting on either hipbone. The accelerometers 

measured PA in 30-second epochs, which is an epoch length used in this age group 

(Sanders et al., 2014). The accelerometer records movement made by each participant in 

all directions, summed over one minute (counts per minute, or CPM). If the device had 

zero counts for 60 consecutive minutes that hour was considered invalid (Aadland et al., 

2018) and these methods have been used in other studies (Mitchell et al., 2016).  
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A valid day was considered six hundred minutes of valid wear time (or 10 hours) 

(Mitchell et al., 2016; Rich et al., 2013). MVPA was considered to be at least 1,500 

counts per minute (Orme et al., 2014; Puyau et al., 2002). For this study, children were 

included in the weekday analysis if they had two valid weekdays of 10 hours or more and 

included in the weekend day analysis if they had at least one valid weekend day. An 

average of children’s valid weekdays and weekend days were used to determine if 

children met the PA guidelines. These criteria allowed us to maintain a large enough 

sample size for parametric statistics.  

4.3.2 Independent Variables  
The independent variables used in this paper are fully described in Table 4.1. 

Independent variables for the analyses came from those that are found significant in past 

research on PA of children, including factors at the intrapersonal, interpersonal, physical 

environment, and policy levels. Intrapersonal factors used in this model include age, 

gender, ethnicity, and physical functioning as measured using the PedsQL with all of 

these variables from self-reported questions on the child survey. Missing data from the 

child survey on child age, gender, and ethnicity were derived from the parent survey. 

Interpersonal factors in this paper include children’s perceptions of barriers and parental 

support from the child survey, maternal employment, paternal employment, and family 

composition, all from the parent survey, as well as the median household income of the 

child’s neighbourhood, which was derived from 2011 Census of Canada data at the 

Dissemination Area level, which is a common proxy for neighbourhood SES. In cases 

where missing data could not be derived from the parent survey a separate category for 

missing data were created. The physical environment factors are represented by four 

variables, computed based on the child’s precise home location: accessibility to a park, 

accessibility to a child’s school, accessibility to a recreation centre, and urbanicity. 

Urbanicity was created by the research team using information from Statistics Canada 

and city plans. Urban large city (geographic areas with more than 100,000 people 

residing in defined city limits), suburban large city (surrounding larger geographic 

regions with more than 100,000 residents), urban small town (regions with a population 

of 10,000 – 99,999), and rural (population fewer than 9,999). Finally, the policy factors 
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are measured by the type of recess schedule at a child’s school: traditional (two 15-

minute recesses and a 30-minute lunch recess) or balanced (two 20-minute recesses).  

 

Table 4.1 Variables associated with children’s PA by the level of the SEM  

Variable  Source  Description 
Intrapersonal   
Age Child survey (continuous) Age in years (Biddle et al., 2011; 

Sallis et al., 2000) 
Gender Child survey (categorical) 

(boy/girl) 
Self-reported gender as boy or girl 
(Biddle et al., 2011; Kavanaugh et 
al., 2015; Sallis et al., 2000) 

Ethnicity  Child survey (categorical) 
(Caucasian/other) 

Ethnicity coded as either 
Caucasian or other (Singh et al., 
2008)  

Physical functioning  Child survey PedsQL 
(categorical) (high/low) 

A categorical variable based on 
face validity from four questions 
based on how hard it was to do 
physical tasks (Belanger et al., 
2018; Biddle et al., 2011) 

Interpersonal    
Social barrier  
 

Child survey (composite 
score)  

Composite score of social barrier 
questions (Taylor et al., 2018b)  

Neighbourhood 
barrier  

Child survey (composite 
score) 

Composite score of 
neighbourhood barrier questions 
(Taylor et al., 2018b) 

Safety barrier 
 

Child survey (composite 
score) 

Composite score of safety barrier 
questions (Taylor et al., 2018b) 

Census average 
median household 
income (continuous) 
was taken from the 
2011 census 
Maternal 
employment 
 
Paternal 
employment  
 
Family composition 
 

Census 2011 (continuous) 
 
 
 
 
Parent survey (categorical) 
(unemployed/employed) 
 
Parent survey (categorical) 
(unemployed/employed) 
 
Child survey (categorical) 
(two parent/lone parent) 

Census average median household 
income (continuous) was taken 
from the 2011 census (Mitchell et 
al., 2016; Shearer et al., 2012) 
 
Mother’s employment 
(Estabrooks et al., 2003; Lasheras 
et al., 2001)  
Father’s employment (Estabrooks 
et al., 2003; Lasheras et al., 2001) 
 
Number of parents in the main 
household (McMillan et al., 2016) 

Parental support 
 

Child survey (categorical) 
(agree/disagree) 
 

A categorical variable based on if 
children agree or disagree that 
their parents take part in activities 
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with them (Biddle et al., 2011; 
Dowda et al., 2011; Sallis et al., 
2000; Wilk et al., 2018) 

Environment    
Park in 500m buffer  GIS (yes/no) If any section of a park was within 

a 500m buffer of a child’s home 
based on GPS (Davison & 
Lawson, 2006; Ding et al., 2011; 
Mitchell et al., 2016) 

Home school GIS (continuous) Shortest distance along the street 
network between each child’s 
home and the school they attended 
(Davison & Lawson, 2006; Ding 
et al., 2011; Larsen et al., 2009; 
Wilson et al., 2018) 

Recreation facility GIS (continuous) Shortest distance along the street 
network between each child’s 
home and the nearest arena or 
public/private recreational facility 
(Davison & Lawson, 2006; Ding 
et al., 2011; Tucker et al., 2009) 

Urbanicity  GIS (categorical) (urban large 
city, suburban large city, 
urban small town, rural south, 
and rural north) 

Categorical variable on different 
levels of urbanicity (Moore et al., 
2014; Rainham et al., 2012; 
Veugelers et al., 2008) 

Policy    
School day  School recruitment 

(categorical) 
(balanced/traditional) 

Variable based on school policy 
(Clark et al., 2019) 

 

4.3.3 Statistical Analyses 
Analyses were performed in STATA version 14 (StataCorp, College Station, TX, USA) 

in 2019. Two logistic regression models were specified in this paper to answer the 

research questions: (1) children having an average of 60 minutes of MVPA on weekdays; 

and (2) children having an average of 60 minutes of MVPA on weekend days. Variables 

at the intrapersonal, interpersonal, physical environment, and policy levels (e.g., only 

included during the weekday to account for school day differences) were entered into the 

model using forward selection, as there were too many variables to include in backwards 

deletion or block-wise regression. Variables were maintained in the model if significant 

at a .10 level and the variable improved the model fit (Heinze et al., 2018). 
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4.4 Results 
Descriptive statistics are presented in Table 4.2. The sample had more girls (58%) than 

boys, the average age was 11 years, and around 75% of children were Caucasian. About 

one quarter of the children had a park within a 500 m buffer of home, on average their 

school was about 5 km away from home, and the average distance to the nearest 

recreation facility from a child’s home was 5 km. During the week, nearly half the 

sample met the PA guideline (51%), while on the weekend only about one quarter of the 

children met the PA guideline (25%).  

 

The first model addressing research question 1 (Table 4.3) examines the factors from the 

SEM that influences the odds of a child getting the recommended 60-minutes of MVPA 

on weekdays. The results of this analysis find that only three intrapersonal variables are 

significant: gender, age, and physical functioning. The results show that the odds of boys 

meeting the recommendations on weekdays are 4.153 times that of girls (p < 0.001). Age 

is also found significant, with each additional year of age decreasing the odds of getting 

the recommended amount of PA by 0.716 (p = 0.001). Finally, children with high self-

reported physical functioning are 2.457 (p < 0.001) times more likely of getting the 

recommended amount of PA as compared to children with low physical functioning.  

 

The second model addressing research question 2 is presented in Table 4.4, examines the 

factors from the SEM that influence the odds of a child getting 60-minutes of MVPA on 

weekend days. The results of this analysis find variables at both intrapersonal and 

physical environment levels of the SEM are related to children meeting the 

recommendations on weekend days. The only significant intrapersonal variable was 

gender, which found that the odds of boys meeting the recommendations are 1.706 that of 

girls (p = 0.011). The other significant variable is urbanicity. The urbanicity measures 

find that children living in the rural Northern Ontario are significantly more likely to 

meet the MVPA guidelines on weekends than children living in urban areas (OR = 0.327, 

p = 0.019), suburban areas (OR = 0.389, p = 0.005), urban small towns (OR = 0.373, p = 

0.030), or in rural Southern Ontario (OR = 0.363, p = 0.004). 
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Table 4.2 Descriptive statistics of the variables of the child participants STEAM project  

Variable n % 
Intrapersonal   
Gender 
    Boys 
    Girls 

 
223 
309 

 
41.9 
58.1 

Ethnicity 
Caucasian 
Other 

Physical functioning, mean (std dev) 

 
395 
137 
85.6 

 
74.2 
25.8 
15.7 

Age, mean (std dev) 11.2 1.1 
Interpersonal   
Parents take part*  

Agree 
Disagree 

Maternal employment* 
Unemployed 
Employed 

Paternal employment*  
Unemployed 
Employed 

Family composition 
Two-parent household 
Lone parent household 

 
292 
221 
 
82 
334 
 
35 
364 
 
377 
155 

 
54.9 
41.5 
 
15.4 
62.8 
 
6.6 
68.4 
 
70.9 
29.1 

Social score, mean (std dev) -0.7 0.7 
Safety score, mean (std dev) 
Neighbourhood score, mean (std dev) 

-1.0 
-0.9 

0.9 
0.7 

Environment   
Urbanicity  

Urban large city 
Suburban large city 
Urban small town 
Rural south 
Rural north 

 
53 
236 
51 
136 
56 

 
10.0 
44.4 
9.6 
25.6 
10.5 

Park in 500m buffer 
Yes 
No 

 
135 
397 

 
25.4 
74.6 

Home School (km) mean (std dev) 5.3 8.3 
Closest Rec. (km) mean (std dev) 5.0 7.2 
Neighbourhood Income per 10 000 mean (std dev) 6.9 2.7 
Organizational    
School day* 

Balanced  
Traditional 

 
298 
225 

 
56.0 
42.3 

Outcome   
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MVPA weekday 
Meet recommendations 
Do not meet recommendations 

 
269 
263 

 
50.6 
49.4 

MVPA weekend 
Meet recommendations 
Do not meet recommendations 

 
131 
401 

 
24.6 
75.4 

* Does not add up to 100% to account for missing data 

Table 4.3 Logistic regression of the association between SEM variables in children on 
weekday MVPA 

Variable Odds 
Ratio         p 95% Confidence 

Interval 
Intrapersonal     
Boys (ref: girls) 4.153 **<0.001 2.836 6.082 
Age 
Physical functioning – high (ref: 
low) 

0.716 
2.457 

*0.001 
**<0.001 

0.585 
1.673 

0.874 
3.609 

  Boldface indicates statistical significance (*p < 0.01, **p < 0.001) 

 
 
Table 4.4 Logistic regression of the association between SEM variables in children on 
weekend day MVPA  

Variable Odds 
Ratio p 95% Confidence 

Interval 
Intrapersonal     
Boys (ref: girls) 1.706 *0.011 1.129 2.579 
Age 0.880 0.175 0.731 1.056 
Physical functioning – high (ref: low) 1.362 0.157 0.889 2.089 
Physical environment     
Urbanicity (ref: Rural North) 
Urban  
Suburban 
Urban small town 
Rural south 

 
0.327 
0.389 
0.373 
0.363 

 
*0.019 
**0.005 
*0.030 
**0.004 

 
0.128 
0.202 
0.154 
0.184 

 
0.750 
0.750 
0.908 
0.721 

Closest rec. (km)  1.025 0.103 0.995 1.056 
  Boldface indicates statistical significance (*p < 0.05, **p < 0.01) 

4.5 Discussion 
The purpose of this paper was to use the SEM to examine what factors influence whether 

children achieve the recommended minutes of MVPA on weekdays and weekend days. 

This was done by using two logistic regression models, one to represent the weekday and 

one to represent the weekend days. Previous research has indicated that PA levels differ 

from weekday to weekend day and this paper contributes to the literature by identifying 
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what specific factors influence the odds of meeting MVPA guidelines on weekdays and 

weekends days (Comte et al., 2013). Researchers also identified that few studies included 

geographical setting variables that go beyond an urban/rural dichotomy/trichotomy or 

include geographically distant places (Katapally et al., 2015; Mitchell et al., 2016; Mitra 

et al., 2017; Rainham et al., 2012). This led to one major finding as children living in 

rural Northern Ontario communities were more likely to meet the MVPA guidelines on 

weekends when compared to children from Southern Ontario in differing levels of 

urbanicity.  

 

The results of this study found that boys were more likely than girls to meet the MVPA 

guidelines on both weekdays and weekends, but the odds dropped from 4.153 on 

weekdays to 1.706 on weekends. The decrease in odds can likely be explained by the 

influence of school, as boys accumulate significantly more MVPA during the school day 

compared to girls (Clark et al., 2019). On weekends the MVPA gender-gap decreases, as 

both boys and girls are less active on weekends, accounting for the smaller odds ratio 

(Comte et al., 2013). As is found in some research, age was a significant predictor of 

MVPA (Sallis et al., 2000; Biddle et al., 2011), but this study found that age was only 

significant on weekdays. This difference could once again be explained by the school 

environment. As younger children are more active than older children at school (Lau et 

al., 2015).  

 

On weekdays the children who reported high physical functioning were more likely to 

meet the MVPA guidelines. The physical functioning variable was based on four 

questions that asked children how difficult it is to walk, run, participate in sports, or lift 

something heavy essentially their perceived competence in different domains of PA. 

Previous research has shown that psychological variables based on competence have 

been positively related to PA (Belanger et al., 2018; Biddle et al., 2011). In this study we 

found that this variable was only significant during the weekday. Previous research also 

suggests that certain psychological correlates of PA are context specific (Ommundsen et 

al., 2007). This suggests that there is something about children who scored higher on this 

scale and the weekday context that makes them more active. Researchers need to further 
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explore this relationship as it could lend insight to MVPA differences between children 

with higher and lower physical functioning scores during the weekday.  

 

No variables at the interpersonal level influenced whether children met the MVPA 

guidelines. This is contradictory to past research, which found associations between PA 

and children’s perceptions of barriers (Taylor et al., 2018a), parent support (Dowda et al., 

2011), and SES (Mitchell et al., 2016). In all of these examples, PA was measured as a 

continuous variable measuring minutes of MVPA, suggesting a lack of significance in the 

interpersonal factors is a result of using a binary outcome variable (e.g., 60 minutes of 

MVPA). This is an important contribution to policy, as individual and physical 

environment factors seem to be more influential in children achieving their recommended 

60 minutes of MVPA. 

 

At the physical environment level, children from rural Northern Ontario were more likely 

to meet the MVPA guidelines on the weekend compared to suburban, urban, small town, 

and rural children from Southern Ontario. This suggests that there is something about the 

North that increases the chances of children getting the recommended amount of MVPA 

on weekends. As research has only touched on rural children’s PA, especially rural 

children in a northern setting, it is difficult to determine why these differences exist 

(Meyer et al., 2016; Nykiforuk et al., 2018). One potential explanation is that our 

Northern Ontario study area is more geographically isolated providing children more 

freedom to explore their environment and be active. With a substantial portion of the 

North America population living in rural areas, it is essential to study the variables that 

influence PA in rural children in different geographic areas (Statistics Canada, 2018; U S 

Census Bureau, 2016).  

4.6 Limitations 
A limitation of this study is that two weekdays and one weekend day were used as 

inclusion criteria. Some other researchers have used a minimum of four valid days 

(Colley et al., 2017). Using more valid days could help improve the overall accuracy of 



71 

 

the model as more days used helps capture a better overall average estimate of a child’s 

PA levels.  

4.7 Conclusion 
This paper identified that different factors of the intrapersonal and physical environment 

influence whether children meet the MVPA guidelines on weekdays compared to 

weekends. Conceptually, this study has important implications for how researchers think 

about the predictors of PA. If researchers use an average value which lumps together 

weekdays and weekend days, some nuances are lost, and there is a possibility that factors 

that influence MVPA during the weekday are driving the overall significance of that 

variable. For example, this study found that during the week the odds that boys meet the 

MVPA guidelines compared to girls is much higher on weekdays compared to weekend 

days. This suggests that weekday policies and programs need to be created to focus on 

increasing MVPA among girls specifically (Clark et al., 2019). Similarly, this study also 

found that children in Northern Ontario were significantly more likely to meet the MVPA 

recommendations than those in Southern Ontario on weekend days. Research needs to 

further investigate these regional differences in MVPA, especially on weekends when the 

school day does not dictate how children spend their time. Allowing program leaders to 

focus their efforts on smaller time points and specific regions could lead to more efficient 

and cost-effective interventions for improving children’s PA levels.  
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5.1 Abstract 

Objective: The objective of this study was to examine the influence of weather on 

moderate-to-vigorous physical activity (MVPA) levels of children aged 8-14 years from 

rural communities, an understudied Canadian population.  

Methods: Children (n = 90) from four communities in rural Northern Ontario participated 

in this study between September and December 2016. Children’s MVPA were measured 

using an Actical accelerometer and demographic data came from surveys of children and 

their parents. Weather data were collected from the closest weather station. Cross-

classified regression models were used to assess the relationship between weather and 

children’s MVPA.  

Results: In total 41% of children were averaging over 60 minutes of MVPA. This study 

indicated that boys accumulated more MVPA than girls (b = 26.38 p < 0.01), children 

were more active on weekdays compared to weekends (b = -16.23 p < 0.01), children 

were less active on days with precipitation (b = -22.88 p < 0.01), and higher temperature 

led to a significant increase in MVPA (b = 1.33 p < 0.01) 

Conclusion: The findings of this study indicate that weather (temperature and 

precipitation) influences rural children’s MVPA levels. Future research is necessary to 

incorporate these findings into interventions to increase rural children’s MVPA and 

improve their overall health.  

 

Keywords: rural, child, physical activity, weather, north, temperature 
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5.2 Introduction 

Canadian children are not getting enough physical activity (PA) for optimal growth and 

development. Approximately 35% of Canadian children aged 5-17 years achieve a 60-

minute average of daily moderate to vigorous PA (MVPA) as recommended in the 

Canadian 24-Hour Movement Guidelines for Children and Youth (Colley et al., 2017). 

These participation rates are disturbing, as regular MVPA has been shown to prevent 

non-communicable diseases and lower cardiometabolic risk factors (Janssen & Leblanc, 

2010).  

Previous research has identified numerous demographic factors which influence 

children’s PA levels, including gender (Biddle et al., 2011), age (Biddle et al., 2011), and 

ethnicity (Tremblay et al., 2006). Additionally, children’s PA is influenced by parental 

socio-economic status (SES) (Estabrooks et al., 2003), children’s perceptions of PA 

ability (Belanger et al., 2018; Biddle et al., 2011), and support of PA either from parents 

(Biddle et al., 2011) or peers (Biddle et al., 2011). A growing body of research has shown 

that the environment in which children live can also influence their PA participation 

through having access to resources, such as parks and recreation centres (Oliveira et al., 

2014), or the walkability of their neighbourhood (Larsen et al., 2012). 

One understudied factor in Canada related to MVPA participation that has differing 

impacts in different areas is the influence of the weather. Across Canada, there are large 

variations in temperature, precipitation, and the number of daylight hours throughout the 

year, but little is known about how these fluctuating weather patterns influence PA levels 

in different areas across Canada. Previous systematic reviews by Tucker and Gilliland 

(2007) and Rich et al. (2012) found that season had a relationship with subjective (parent 

report, child report) and objective (accelerometer, pedometer) measures of PA. Recently, 

there has been a shift in how people are studying seasonal changes. The shift has moved 

from examining large scale seasonal difference (e.g., spring to winter) in PA to 

specifically examining how daily weather patterns influence PA within and across 

seasons (e.g., rain and temperature) (Remmers et al., 2017). 
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Previously published studies examining season and weather highlight a major limitation: 

most research is conducted in large urban centers and does not mention if children from 

rural areas were included. For example, Canadian studies have been conducted in Ottawa 

(Lewis et al., 2016) and Toronto (Mitra & Faulkner, 2012). In urban areas during poor 

weather, children can use one of the many recreation facilities available to be active. 

However, in rural areas during poor weather, these facilities may not exist or, if they do, 

children may face the additional barrier of distance and transportation (Yousefian et al., 

2009). This highlights the need to focus on PA among rural children. With Canada still 

maintaining a large rural population, it is imperative that researchers better understand 

these rural communities.  

There are two main gaps in the literature that this study will address. First, there is a lack 

of literature examining the influence of weather on daily changes in children's MVPA in 

rural areas. Second, little is known about rural children’s MVPA. This study will address 

these two gaps by answering the following research question: How does weather 

influence daily MVPA levels of children who live within rural communities, while 

accounting for child and day-level factors? 

5.3 Methods 

5.3.1 Study Design and Data Collection 

Data were collected as part of the Spatial Temporal Environment and Activity 

Monitoring project and additional details are described elsewhere (Taylor et al., 2018). 

Ethics approval was granted by the University’s Non-Medical Research Ethics Board 

(NMREB: 108029), the two local school boards, and done in accordance with the 1964 

Helsinki declaration. The study was conducted in four elementary schools in rural 

Northern Ontario. The research team presented the details of the study to all children in 

grades 4-8 (ages 8-14 years). Children were provided with a package to take home to 

their parents, including a letter of information and parental consent form. Once the 

children had returned a signed parental consent form and provided their own assent, they 

could participate in the study.  



83 

 

Data for this study were collected over two eight-day periods, with the first round of data 

collection occurring between September 19 and October 4 of 2016 and the second round 

of data collection occurring between November 22 and December 7 of 2016. Child 

participants and parents completed a survey with questions about demographics, PA, 

health-related quality of life, and perceptions of their neighbourhood environments. 

These survey questions were based on other highly used surveys (Cerin et al., 2006; 

Varni et al., 1999). Children were also outfitted with a hip-worn accelerometer and a 

passive-GPS unit that they wore for the duration of the study.  

The four schools had 194 students from grades 4-8, of which 134 students agreed to 

participate in this study. This represents almost 70% of all students in grades 4-8. This 

sample was further reduced for analysis based on the following criteria: a) child was 

required to meet accelerometer wear-time criteria described in the following section; b) 

child or parent completed relevant questions on the survey; and c) child home location 

identified by GPS. After applying all four inclusion criteria, a final sample of 90 children 

with a total of 663 valid days of data were available for further analysis. 

5.3.2 Dependent Variable: Moderate-to-Vigorous Physical Activity 
(MVPA) 

The dependent variable used in this study is the number of minutes of MVPA per day. 

MVPA was measured using an Actical® Z Accelerometer (Philips Respironics, 

Murrysville, PA, USA), an omni-directional device worn around the waist, sitting on 

either hipbone. The accelerometers measured PA in 30-second epochs, which is an 

appropriate epoch length used for this age group (Edwardson & Gorely, 2010; Sanders et 

al., 2014). The accelerometer was set to record movements made by each participant in 

all directions, summed over a one-minute period (counts per minute, or CPM). If the 

device had zero counts for 60 consecutive minutes that hour was considered invalid 

(Aadland et al., 2018). A valid day was considered six hundred minutes of valid wear 

time (or 10 hours), a threshold used in previous studies (Taylor et al., 2018). MVPA was 

considered to be at least 1,500 counts per minute (Puyau et al., 2002). A child had to have 

at least one valid day in each of the seasons to be included in the study, which is 

appropriate as the dependent variable is included in the models at the day-level. 
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5.3.3 Independent Variables 

Variables used in the analysis were informed by previous PA research and intended to 

either describe a day on which the data were collected (e.g., day-level variables) or 

measure characteristics of a child (e.g., child-level variables).  

Day-level variables included weather factors (e.g., precipitation and temperature) and day 

type (weekday vs weekend). All data for weather variables were downloaded from 

Environment and Natural Resource Canada’s Historical Climate Data website. Two 

binary variables were used to measure precipitation: snow (snow vs no snow) or rain 

(rain vs no rain). These two variables were chosen as snow offers different affordances 

for PA compared to rain, and rain was identified as a binary variable as even small 

amounts of rain could prevent children from playing. Maximum temperature is a 

continuous variable measuring the temperature around the time that children have free 

time to play outside (Lewis et al., 2016). Day type was measured for each valid day, 

based on whether the MVPA data were from a weekday or weekend day (Comte et al., 

2013). 

Child-level variables derived from the child survey included age (continuous) (Biddle et 

al., 2011), gender (girl vs boy) (Biddle et al., 2011), ethnicity (Caucasian/white vs 

Indigenous or visible minority), parental support (agree vs disagree if a parent takes part 

in activities with you) (Biddle et al., 2011), perceptions of physical functioning 

(categorical) (Belanger et al., 2018; Biddle et al., 2011), and social, neighbourhood, and 

safety barriers (continuous). One categorical factor assessing if the child lived directly in 

the settled community of Nipigon or Red Rock or in the more rural surrounding areas 

was created using home location from the GPS data (rural small-town vs rural). The 

perception of physical functioning measure was developed through four 5-point Likert 

scale questions from the PedsQL that pertain to how hard it is for the child to move 

(Varni et al., 1999) and is based on face validity. The Likert scale questions were scored 

from 0 to 100 in increments of 25 and averaged creating an overall score. Once an 

average was established, the median was used to dichotomize a child as having high or 

low (above or below the median) physical functioning. The social, neighbourhood, and 

safety barriers for PA variables were based on a composite score that was developed by 
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computing the average of four-point Likert-scale questions used to represent a child’s 

perception of social, neighbourhood, and safety barriers to PA based on previous research 

(Taylor et al., 2018). The score ranges from -2 to 2 for the perception that the barriers 

influence PA. Child-level variables derived from the parent survey included mother’s 

education (high school or below vs college or above) (Estabrooks et al., 2003) and family 

composition (two parent household vs one parent household) (McMillan et al., 2016). 

Only maternal education had missing data, with less than 10% of cases missing. Data 

were imputed using a mode fill. 

5.3.4 Statistical Analyses 

A cross-classified model was fitted to examine the variation in children’s daily MVPA 

levels. A cross-classified model was selected because there are two independent sets of 

clusters in which daily MVPA values are nested. Daily values of MVPA are clustered 

within each child and, at the same time, they are nested within the specific dates during 

which the data were collected. For example, all MVPA data collected on a given date are 

more alike than data from other dates, and all MVPA data collected from a given child 

are more alike than data from other children. The cross-classified model allows us to 

account for this complex data structure. These models are becoming more common in 

children’s health research (Wilk et al., 2018). To confirm that a cross-classified model is 

appropriate to address the research question, two preliminary models were tested: a date 

model and a child model. The results of these models suggested a significant level of 

clustering of daily MVPA values within dates (p < 0.01) and children (p < 0.01), 

justifying the use of the cross-classified model.  

The cross-classified analysis was conducted as a stepwise process, with five models 

being tested. First, a null model provided an estimate of the variance at daily MVPA 

values across children and across dates. Second, the child-level variables were added to 

the null model to assess how they influence MVPA. Third, the day type variable 

(weekday vs weekend) was entered on its own to the null model. Fourth, weather factors 

were added to the null model to understand how weather patterns on each date influence 

daily values of MVPA. Finally, the child-level and day-level factors were added together 
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to assess how the two types influence daily values of MVPA, while accounting for each 

other. All data analysis was conducted in SAS 9.4 (SAS Institute Inc., Cary, NC, USA). 

5.4 Results  

Table 5.1 presents the descriptive statistics for the continuous variables and frequency for 

categorical variables included in the analysis. A total of 90 children contributed 663 daily 

MVPA values. Using an average of all valid days 41% of children met the MVPA 

guidelines and on average, children were getting about 58.6 minutes of MVPA per day. 

The average age was 10.6 years, there are more girls (61%) than boys (39%) in the 

sample, and 57% of people reported being Caucasian/white and 43% reported being 

Indigenous or a visible minority. The average daily maximum temperature during the 

study was around 10ᴼC, but daily maximum temperature ranged from -2.9ᴼC to 22.7ᴼC. 

Sixteen days had no precipitation, seven days had snow, and four days had rain. 

 

The first model is a null model where only variances were estimated. The interclass 

correlation coefficient (ICC) value related to variation in daily MVPA between children 

is 0.29 while the ICC for variation between days on which data were collected is 0.19 

suggesting that child and day-level characteristics account for 29% and 19% of the total 

variance in daily MVPA values.   

 

The results from the second model containing all the child-level characteristics (see Table 

5.2). indicate that, gender and maternal education were significantly associated with daily 

MVPA. On average, boys were getting 26.49 more minutes of MVPA (b = 26.49 p <  
0.01) than girls and children who had mothers with a high school education were getting 

12.19 (b = -12.19 p = 0.03) more minutes of MVPA compared to children with mother’s 

who had college or above education. The residual ICC value for the child-level variance 

0.20.  

 

The results from the third model suggest that addition of a single day-level variable, day 

type, did not significantly reduce the day-level ICC (ICC = 0.18) as the effect of the 

variable on daily MVPA was not statistically significant. The results from the fourth 
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model, which included all weather factors indicate that maximum temperature and rain 

have a significant effect on daily MVPA. On average for each 1-degree Celsius increase 

in temperature across dates children were getting 1.18 more minutes of MVPA (b = 1.18 

p < 0.01). Regarding precipitation, children were getting, on average, 24.38 minutes less 

of MVPA on days with rain (b = -24.38 p < 0.01). Weather-level variables had a residual 

ICC of 0.10.  

 

Finally, the results from the fourth model with both child and day-level variables posit 

that boys were getting on average 26.38 more minutes of MVPA per day as compared to 

girls (b = 26.38 p < 0.01) and children with mothers who had a high school education 

were getting 12.20 more minutes of MVPA compared to children with mothers who had 

a college education (b = -12.20 p = 0.03). Children were less active during weekends 

compared to weekdays; on average, they were getting 16.23 fewer minutes of MVPA     

(b = -16.23 p < 0.01) on weekends. Comparing to days without rain or snow, children 

were getting on average 22.88 minutes less of MVPA (b = -22.88 p < 0.01) on days with 

rain. For each increase in one degree Celsius, there was on average 1.33 minutes (b = 

1.33 p < 0.01) increase in MVPA. Comparing to the null model, child-level variance was 

reduced by 40% (residual ICC 0.23) while the day-level variance was reduced by 64% 

(residual ICC 0.09).  

Table 5.1 Descriptive statistics for the 663 days of data from 90 children 

Dependent Variable Mean and SD 
MVPA 58.6 (40.4) 
Child-level Count and % 
Gender  

Boys 35 (38.9) 
Girls 55 (61.1) 

Ethnicity  
Caucasian 51 (56.7) 
Indigenous or visible minority 39 (43.3) 

Age mean (sd) 10.6 (1.4) 
Physical functioning mean (sd) 88.8 (15.9) 
Parents take part 

Agree 
 
50 (55.6) 

Disagree 40 (44.4) 
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Mother’s education  
High school and below 

 
20 (22.2) 

College and above 
Family composition 

70 (77.8) 

One-parent household 
Two-parent household 

12 (13.3) 
78 (86.7) 

Social barrier mean (sd) -0.6 (0.7) 
Neighbourhood barrier mean (sd) -0.8 (0.6) 
Safety barrier mean (sd) -1.2 (0.7) 
Physical environment  

Rural small Town 45 (50.0) 
Rural 45 (50.0) 

Day-level Count and % 
No rain or snow 16 (59.3) 
Cases of rain 4 (14.8) 
Cases of snow  7 (25.9) 
Maximum temperature mean (sd) 10.0 (9.5) 
Daylight minutes mean (sd) 619.1 (102.4) 
Weekdays 19 (70.4) 
Weekend days 8 (29.6) 
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Table 5.2 The cross-classified model assessing the relationship between child's MVPA and child variables (Model 1), day type (Model 
2) weather variables (Model 3), and child and day-level variables (Model 4) 

Variable  Category Model 1 
  

Model 2 
  

Model 3 
  

Model 4 
  

  
Est SE p-value Est SE p-value Est SE p-value Est SE p-value 

Intercept 
 

57.63 9.70 
 

58.07 4.90 
 

47.09 6.52 
 

53.05 10.49 
 

Gender (ref: Girls) Boys 26.49 4.73   <0.01* 
      

26.38 4.71 <0.01* 
Age Years -2.01 1.61 0.21 

      
-2.07 1.61 0.20 

Ethnicity (ref: Caucasian) Indigenous and 
visible minority  

-1.20 4.91 0.81 
      

-1.21 4.90 0.80 

Physical functioning (ref: Low)  High 7.02 5.00 0.16 
      

7.03 4.97 0.16 
Parents take part in activities 

(ref: Disagree) 
Agree -6.42 4.82 0.18 

      
-6.41 4.80 0.18 

Number of parents (ref: Two) One -1.87 7.01 0.79 
      

-1.51 6.99 0.83 
Mother’s education  

(ref: High school or below) 
College or 
above  

-12.19 5.56 0.03* 
      

-12.20 5.54 0.03* 

Social barrier 
 

-1.39 3.41 0.68 
      

-1.38 3.40 0.69 
Safety barrier  

 
1.94 3.08 0.53 

      
1.97 3.07 0.52 

Neighbourhood barrier 
 

3.70 3.59 0.30 
      

3.75 3.56 0.29 
Physical environment (ref: 
Rural small-town) 

Rural -1.07 6.82 0.88 
      

0.11 5.96 0.98 

Day Type (ref: Weekday) Weekend day 
   

-13.55 7.15 0.06 
   

-16.23 5.36 <0.01* 
Rain Days (ref: No) Yes 

      
-24.38 8.35  <0.01* -22.88 7.73 <0.01* 

Snow Days (ref: No) Yes 
      

-4.99 8.08 0.54 -4.26 7.46 0.57 
Maximum Temperature 

       
1.18 0.37 <0.01* 1.33 0.35 <0.01* 

 
Italics indicates reference group  

*p value < 0.05
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5.5 Discussion 

The purpose of this paper was to examine how weather influences daily MVPA levels of 

children who live within rural communities, while accounting for child and day-level 

factors. This was done using a cross-classified linear regression. Previous research has 

indicated that season, and more specifically, temperature has an influence on MVPA 

(Lewis et al., 2016; Rich et al., 2012; Tucker & Gilliland, 2007); however, little has been 

written about the impact of weather and seasonality on rural children’s MVPA. This 

paper helps fill that gap in the literature by examining the impact of weather on children’s 

MVPA in a rural setting. The findings indicate that both temperature and rain had a 

significant effect on children’s daily MVPA, but not snow. It is imperative for 

researchers, policymakers, and recreation programmers to understand the factors that 

influence MVPA for rural populations, as previous research has shown that children’s 

MVPA levels differ in rural compared to urban areas (McCormack & Meendering, 2016).  

The results of this study found that boys achieved significantly more MVPA than girls 

(e.g., 25 more minutes on average), which is consistent with previous research (Telford et 

al., 2016). Numerous reasons have been hypothesized for this difference, including 

individual factors such as lower cardiorespiratory fitness and lower hand-eye 

coordination among girls (Telford et al., 2016). Although this finding is similar to other 

contexts, it is important to bring to the attention of stakeholders in rural communities. In 

rural communities, children are often limited in activities that they can participate in due 

to lack of accessible opportunities (Walia & Leipert, 2012). Rural community leaders 

need to connect with girls and build programs around what activities interest them.  

Interestingly, maternal education had a significant impact on MVPA. In this paper, 

maternal education was a proxy for SES and research is not always conclusive on SES 

(Biddle et al., 2011), but some research suggests that higher levels of maternal education 

lead to more sedentary time and less LPA (Sherar et al., 2016). A possible explanation for 

this finding is in rural communities’ parents with higher SES might be more willing to 

travel to the nearest city for their child to participate in organized activities, and all of the 

travel might be having a negative impact on children’s PA levels. 
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During weekend days, children were getting about 15 fewer minutes of MVPA than on 

weekdays. Previous research based in urban environments has also indicated that children 

are more active during the week (Comte et al., 2013). A potential reason is that on school 

days, children normally have access to the indoor gymnasium for daily health and 

physical education classes, and they have two or three activity breaks where they are 

encouraged to be physically active and can play with schoolmates and school equipment. 

On the weekend, rural children typically do not have easy access to the structures and 

supportive features of the school. To help combat the lower levels of PA among rural 

children on weekends, local stakeholders could offer more youth-based programming 

with transportation supports, or other incentives such as free programming or rewards 

programs to encourage children to be more physically active (Clark et al., 2018).  

Previous studies have shown that daily MVPA levels are positively correlated with daily 

temperatures (Rich et al., 2012; Tucker & Gilliland, 2007). Likewise, in this study, PA 

levels increased as temperature increased; each extra degree increase in temperature was 

related to about an 80 second increase in daily MVPA. With temperatures ranging from 

around -3ᴼ Celsius to 23ᴼ Celsius in our study area, this is an average increase of about 

thirty-five-minutes in MVPA from the coldest to warmest days. Thirty-five minutes is a 

significant amount of MVPA and needs to be considered when designing programs in 

Northern rural communities. With winter temperatures in this area reaching average lows 

of -30ᴼ Celsius most years, this could have an even larger impact on PA; however, it is 

important to note that most studies show that the change in PA is not linear (Remmers et 

al., 2017). In rural communities, the influence of temperature could be stronger because 

rural children do not have easy access to places to play indoors when it gets too cold 

outdoors. A potential way to combat weather-related drops in MVPA is to transform 

spaces in public facilities (e.g. libraries) so they can accommodate children’s free play. 

This study also found that rain days had a significant negative influence on children’s 

daily MVPA. A study comparing children aged 9-11 years in Australia and Canada found 

that rainfall was negatively associated with MVPA in Australia, but not Canada (Lewis et 

al., 2016). In this study focused on Northern Ontario, however, rain had a larger impact, 

with almost a 25-minute decrease in MVPA between days that it rained compared to days 
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that it did not rain or snow. Giving children an indoor opportunity has been shown to help 

prevent a decline in children’s PA during poor weather (Harrison et al., 2011). In rural 

and remote areas, however, indoor recreation facilities may be too far from children’s 

homes to offer a convenient opportunity for MVPA. In such cases, the negative influence 

of rain would be stronger in rural than urban areas. In contrast to rain, snow does not 

significantly influence total MVPA. A potential explanation is that snow is more fun for 

children than rain as it affords certain additional opportunities for PA, such as skiing, 

sledding, sliding, building snow structures, and general play in the snow. A potential 

solution may be to provide access to schools after normal school hours, so that children 

have a comfortable place to play in the colder months or on rainy days.  

A limitation of this study is the sample size as only 90 children met the inclusion criteria, 

but this number still represents a significant proportion of all grade 4-8 children in the 

communities. Another limitation is this study did not examine spring or summer MVPA 

when temperatures are the hottest. It is possible that MVPA starts to decrease when 

temperatures reach above, 22ᴼC (Remmers et al., 2017). Nevertheless, the times were 

chosen with principals requested that preliminary data could be shared with the students 

before graduation and could be used for the following year school improvement plan. 

5.6 Conclusion 

Very little research has been conducted on children’s MVPA in rural communities in 

Canada. The findings of this study indicate that weather (temperature and precipitation), 

gender, maternal education, and day type were significant in influencing MVPA. This 

research suggests rural children need opportunities to play inside in the presence of bad 

weather to increase MVPA. Given its impact on PA, future research might examine how 

the weather impacts other important health-related behaviours. 
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6.1 Abstract 
Researchers rarely explore children’s perspectives of barriers and facilitators to physical 

activity (PA) in a rural environment. To explore rural children’s perceptions 84 children 

in grades 4-8, in rural Northern Ontario participated in focus groups to discuss barriers 

and facilitators to PA. Three key themes were identified: environment, social 

environment, and perceptions of safety. Environmental features included weather and the 

built environment. Social environment included the role of friends and adults to either 

facilitate or restrict children’s play. The fear of wildlife was pervasive across all focus 

groups and resulted in restricted independent mobility and PA. Rural children are 

typically under-represented in PA research. The findings suggest that researchers need to 

understand contextual nuances on the rural environment.  

 

Keywords: rural, focus group, physical activity, children, north 
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6.2 Introduction 
Low levels of physical activity (PA) among children are a major public health concern, as 

PA has physical (Ferrari et al., 2015; Herman et al., 2015), cognitive (McIsaac et al., 

2015), and emotional benefits (Biddle & Asare, 2011; Larun et al., 2006). Previous 

research has identified a wide range of correlates of children’s PA, ranging from 

individual-level variables such as age (Biddle et al., 2011; Sallis et al., 2000), to 

interpersonal variables such as relationships with others (Biddle et al., 2011; Sallis et al., 

2000), to environmental variables such living in close proximity to a park (Ding et al., 

2011; Mitchell et al., 2016; Tucker et al., 2009). Much of what we have learned about the 

determinants of children’s PA is based on research in urban settings; meanwhile, there is 

a scarcity of evidence on the factors that influence PA among rural children, and even 

less is known about children in remote or Northern communities (Meyer et al., 2016; 

Nykiforuk et al., 2018).  

Previous quantitative research has shown that less than half of the children in a rural 

Northern Ontario area were meeting the recommended 60 minutes of moderate-to-

vigorous PA (MVPA) per day, as objectively measured using accelerometry (Button et 

al., 2019). Additionally, analysis based on a cross-classified linear regression revealed 

that weather, gender, maternal education, and day type (weekday/weekend) had the most 

significant impact on MVPA levels. Children were more active on weekdays, when 

temperatures were warmer, and on days without rain; additionally, boys were more active 

than girls, and children who had a mother with lower educational attainment were more 

active. In that study of children from rural Northern Ontario, the usual correlates at the 

interpersonal level (e.g., parental encouragement, perceptions of barriers related to safety, 

neighbourhood, or social features) and environmental level (e.g., living in a settled area 

with a higher population density, better access to recreation facilities, and potentially 

living within walking distance to school or living in a dispersed area with lower 

population density, decreased access to facilities, and not living within walking distance 

to school) did not have a significant influence on MVPA (Button et al., 2019). Despite 

the important findings of that quantitative analysis, researchers are still lacking a 

comprehensive understanding of the barriers and facilitators to children’s PA in this rural 

setting.  
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Qualitative research with rural children using an ecological systems theory has 

highlighted common barriers to PA, such as lack of opportunities, distance, school 

policies, programs and procedure, and other safety concerns to be important factors 

(Moore et al., 2010; Yousefian et al., 2009). For example, researchers in Maine US held 

six focus groups with 84 rural adolescents (aged 10-18 years) and identified that a 

shortage of outdoor amenities, inadequate transportation, and distance to large shopping 

centers with box stores were all barriers to PA (Yousefian et al., 2009). Additionally, 

Moore et al. (2010) held three focus groups with 22 rural youth in North Carolina US and 

found certain barriers that prevented children from being active. Examples of these 

barriers included children in grade eight no longer having recess, perceived danger 

related to hunting like being fearful of gunshots in the backyard, and neighbourhood 

disorder. Facilitators of PA in this study were built environment features such as having 

access to sports equipment and fields during recess and gym class (Moore et al., 2010). 

These studies provide valuable information, but the rural research body is limited, as the 

combination of studies still give a very narrow perspective on rural environments and are 

not necessarily transferable given the diverse make-up of rural areas (Meyer et al., 2016; 

Nykiforuk et al., 2018). 

There is a critical lack of qualitative research highlighting children’s perspectives on the 

contextual factors influencing facilitators and barriers to rural children’s PA. This gap 

poses challenges for health policymakers, recreation programmers, and municipal 

decision-makers to assess applicable facilitators and barriers. Based on the ecological 

systems theory which posits that a child’s behaviour is influenced by factors in their 

immediate environment (e.g., friends, family), the more indirect environment (e.g., 

distance to school, availability of recreation opportunities), and the connection between 

the environments (Brofenbrenner, 1979). The purpose of this article is to use children’s 

perspectives to provide contextual information on the facilitators and barriers of rural 

children’s PA in small rural northern communities. 



101 

 

6.3 Methods 

6.3.1 Study Area  
The term rural is highly contested, and no definition adequately captures the 

heterogeneity of all rural environments (Coburn et al., 2007; du Plessis et al., 2001). 

Rather than simply use a definition of rural based on population thresholds, which has 

been done in previous rural research (Joens-Matre et al., 2008; Moore et al., 2010), in this 

article we decided to describe the geographic context of the study areas, enabling future 

researchers to determine the applicability and context of the research. 

Situated in the heart of Northern Ontario, the study area has a mixture of rugged boreal 

forests, plentiful lakes, and a diverse range of animals (e.g., bears, moose, deer, lynx, 

wolves, coyotes, foxes, porcupines, beavers, and a variety of birds). The area is ideal for 

hunting, fishing, and birding. Living in proximity to such pristine wilderness comes at a 

cost to safety, however, as dangerous wild animals often travel into town, with many 

sightings of black bears and wolves occurring on township streets and playgrounds. In 

2014, the spring bear hunt was re-introduced as a pilot program with one of the aims 

being to control the bear population (Ministry of Natural Resources and Forestry, 2016).  

The original inhabitants of the area were Indigenous people, but the development of the 

fur trade and later the railway introduced Europeans to the area in the eighteenth and 

nineteenth centuries, thus creating a unique socio-cultural milieu. Approximately 30% of 

people currently living in the area identify as Indigenous, while the rest of the population 

is predominantly individuals of European ancestry (Statistics Canada, 2018). The area 

had a prosperous forest industry for many years, but due to unfavourable economic 

circumstances, residents have been searching for a new major employer since the early 

2000s.  

Currently, there are three distinct townships (Nipigon, Red Rock, and Dorion), one 

dispersed rural community (Hurkett), and one Indigenous reserve (Lake Helen Reserve 

53A). The study took place in all four elementary schools in the region. Nipigon 

(Township population 1,642) and Red Rock (Township population 895) are similar in 

that they both have distinct settled areas, a few parks, one major sports field, one splash 
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pad, various recreation trails, and an arena. Nipigon has two elementary schools and a 

seasonal outdoor pool (June-August). Red Rock has one elementary school and one high 

school serving approximately 250 students from across the entire district, with some 

children being bused from up to 45 minutes away. During the winter, ice hockey is 

offered in Nipigon, and depending on interest, Red Rock also offers hockey to boys and 

girls. However, in certain years, girls have not had a team of their own and played with 

the boys or travelled to the nearest major city about 100 km (62 miles) away. Hockey 

season typically runs from early October to early April. In the past, and based on 

registration, figure skating and curling may be offered. During the spring, an age-

appropriate baseball and soccer league is offered for about six weeks if enough children 

are registered.  

In comparison, Dorion (Township population 316) has one school, and almost all 

students take the bus to attend. The school doubles as a community centre and has a 

typical school playground (e.g., monkey bars, slides), basketball court, and a baseball 

field. Children in these communities must to travel to either Nipigon, Red Rock, or 

Thunder Bay to partake in organized sport. Just outside Nipigon sits the Lake Helen 

Reserve (Reserve population 303). The reserve has a community centre, outdoor hockey 

rink, park, baseball field. All the reserve’s students are bused into Nipigon to attend one 

of the elementary schools. Hurkett (Area population 236) is a dispersed rural community 

with no amenities and children are bused to Dorion for school. Nipigon, Dorion, Hurkett, 

and Lake Helen Reserve have the trans-Canada highway run through the community or 

act as a boundary to the local community while Red Rock is about eight kilometres from 

the highway. 

The climate in the region is cold and temperate. The average annual temperature in the 

region is 1.8 degrees Celsius (35 degrees Fahrenheit), with average temperature in 

January (winter) of -16.4ᴼC (2.5ᴼF), and average temperature in July (summer) of 17.1ᴼC 

(63ᴼF). The average annual rainfall is 770 mm (30 inches), and it snows, on average, 80 

days per year (Government of Canada, 2018). 
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6.3.2 Methodological Approach 
For this study, the researchers used focus groups to encourage children to voice their 

thoughts and perspectives without being confined by pre-selected survey options. This 

child-centred approach treats children as co-researchers, where they are provided an 

opportunity to explore their own ideas and perceptions of what factors act as barriers and 

facilitators of their own PA participation in a free-flowing nature (Morgan et al., 2002; 

O.Nyumba et al., 2018). It is important to recognize that the goal of a focus group is not 

to gain a consensus from the children but to develop a database (Krueger & Casey, 2009). 

Therefore, saturation was not the goal and focus groups were conducted with all children 

who had parental consent and gave their own assent, but after the 14th focus group code 

saturation was reached (Krueger & Casey, 2009).  

As suggested by Barker and Weller (2003), researchers must consider the existing power 

dynamics between themselves and the participants (Barker & Weller, 2003). In the 

context of the present study, several steps were taken to address the power imbalance. A 

local male (lead author) was deliberately selected to moderate all focus groups given that 

he was a community insider with a strong understanding of regional customs and norms. 

This individual was a well-known teacher and recreation programmer in the area and had 

experience working with children of all ages. He understood the ethics of working with 

children, knew all the children by name, and encouraged children to refer to him using 

his first name thus fostering a conversational tone. While these efforts and precautions 

were taken to reduce the power imbalance perceived by children, it is acknowledged that 

he still possessed a level of authority. 

Another potential concern in focus groups is children answering to stay socially relevant, 

as children could provide answers that reflect what they think the moderator or their peers 

want to hear rather than their true thoughts and feelings (Morgan et al., 2002). To reduce 

the risk of social desirability bias, children were randomly assigned groups within 

specific age ranges, and the moderator took a few moments to explain to the students that 

there are no wrong answers; and everyone is entitled to an opinion, and researchers were 

interested in hearing everyone’s opinions.  
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6.3.3 Data Collection 
Data were collected as part of a larger project called the Spatial Temporal Environment 

and Activity Monitoring (STEAM) project, the details of which can be found elsewhere 

(Coen, et al., 2019; HEAL, n.d.; Tillmann et al., 2018). The focus group data for the 

present study were collected from a subset of this larger study. Data were collected from 

October to December 2016 from students in four elementary schools in rural Northern 

Ontario. A member of the research team gave a presentation to grade 4-8 classes from all 

participating schools. Prior to participation in the study, students also received a package 

to take home and return with signed consent from their parents/guardians. Children also 

had to provide their own assent to participate in focus groups. Both parents and children 

provided consent to participation in focus groups that included audio recording, and 

permission to use anonymous direct quotes in any presentation of the results that was 

separate from the consent to participate in the rest of the STEAM project. The final 

recruitment included 194 students from the four regional elementary schools, with 84 of 

those students obtaining parental consent and providing child assent to participate in the 

focus groups. These 84 students represent just below 50% of all grade 4-8 students in the 

entire study area. Twenty focus groups, with 3–7 participants per group occurred during 

nutrition breaks of about 30-45 minutes through six weeks in the fall (October, 

November, and December) of 2016.  

A semi-structured focus group guide was developed to prompt discussion about 

children’s health behaviours including PA, healthy eating, and understanding of nature. 

The guide was based on a combination of a literature review, findings from previous 

STEAM focus groups, and local area knowledge. For this article, only the questions 

regarding PA were analysed; this represents 12-15 minutes of the entire focus group 

which lasted around 30-45 minutes depending on student participation. The questions that 

specifically related to PA were designed to obtain a deeper understanding of facilitators 

and barriers for PA and were broadly based on the socio-ecological model as a way of 

presenting potential factors (Moore et al., 2010; Yousefian et al., 2009). Example 

questions included, are there places that make you want to play? What do they look like? 

Are there places you don’t want to play?” and, “If you could change one thing about your 

environment to make you more active what would it be?” The moderator followed the 
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focus group guidebook, but also allowed flexibility in the students’ interpretation of and 

responses to the questions as well as encouraged the discussion to flow based on 

children’s perspectives. All focus groups were audio recorded, transcribed verbatim, and 

verified for accuracy. Once the transcript had been verified, they were anonymized. 

Immediately after each focus group, the moderator made field notes describing his initial 

reactions, quality of data, and other general feelings from the focus group. These notes 

helped contextualize some of the responses and discussion. For example, in one case, a 

child said we can’t go over there and pointed outside, so the moderator made notes that 

the child pointed to the parts of the outdoor equipment. 

6.3.4 Ethics Approval 
Ethics approval was granted by the University’s Non-Medical Research Ethics Board 

(NM-REB #108029) and the two local school boards. 

6.4 Analysis 
A thematic analysis was conducted based on the six-phase process suggested by Braun 

and Clarke (2006). These steps are: (1) familiarization; (2) coding; (3) searching for 

themes; (4) reviewing themes; (5) defining and naming themes; and (6) writing a report 

(Braun & Clarke, 2006). During familiarization, the researcher, who was also the 

moderator, listened to and read every transcript, not just to become familiar with the data, 

but also to have in-depth knowledge of the focus groups as a complete dataset. For 

coding, researchers used NVivo Pro (Version 11) to categorize data as either facilitators 

or barriers to coincide with the overarching research question. Once separated, the main 

researcher proceeded to develop semantic codes and sub-themes through the individual 

datasets. The primary author has experience with qualitative research and an extensive 

knowledge of the local area. During steps 1-5 another researcher familiar with the study 

and study area confirmed the codes and final themes. During this process the researchers 

used the process of critical friends where each researcher challenges each other to 

encourage reflexivity on the data (Smith & McGannon, 2018). Several measures (e.g., 

credibility, transferability, dependability, and confirmability) were taken to enhance the 

rigour and trustworthiness of the data throughout the data collection and analysis process 

(Table 6.1)(Guba & Lincoln, 1989). 
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Table 6.1 Measures to ensure data trustworthiness 

Criteria  

Credibility Moderator had lived and taught in all schools in the study area, had 
experience conducting focus groups, took accurate field notes, and 
when any thought or answer was presented the moderator ensured 
that he understood the answer provided. For example, when a child 
mentioned they liked to ride a trike, the moderator confirmed this 
was a three-wheeled all-terrain vehicle.  

Confirmability Another coder that had spent a time in the rural study location and 
was familiar to the local context reviewed the initial and confirmed 
final semantic codes to ensure nothing was missed in the primary 
analysis.  

Transferability The data is unique as the sample was everyone willing to 
participate. The study had almost the same characteristics to the 
larger STEAM sample. The community was described in detail 
allowing researchers to determine if results would transfer to other 
similar communities.  

Dependability The lead author practiced reflexivity on how the analysis was 
shaped by his views on what it was like growing up in a rural 
community and how he determined meaningfulness of data as 
someone who had similar experiences as the children in the 
community and working as a teacher in the community. The work 
was completed with another author who understands but is not 
from the area helped confer dependability. 

(adapted from Irwin et al., 2005; Tucker et al., 2007, 2008) 
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6.5 Results  
Table 6.2 presents the demographic characteristics of the children in the focus groups. 

There were slightly more girls (51.2%) compared to boys (48.8%). The largest grade 

group was grade 4, making up about 26% of the sample. Caucasian children made up a 

little over half of the focus groups (51.2%), while Indigenous children made up about 

around 43%, and the remaining 6% are other ethnicities.  

Table 6.2 Demographic characteristics of the sample in the STEAM focus group. 

 Demographics 
 

STEAM Focus 
Group 

    n    % 

 Gender    

 Female 
  

43 51.2 
 Male 

  
41 48.8 

 Grade 
    4 

 
  

 
  

 
   22        26.2 

 5 
  

20 23.8 
 6 

  
17 20.2 

 7 
  

16 19.0 
 8 

  
9 10.7 

Ethnicity     
 Caucasian   43 51.2 
 Indigenous   36 42.9 
 Other   5 6.0 

 

Most of the children’s conversations were centered on barriers to PA as compared to 

facilitators. Three themes were identified and include environment (e.g., distance, skate 

parks, splash pads, indoor facilities, and weather), social environment (e.g., relationship 

with peers, teachers, and adults), and perceptions of safety (e.g., water, forest, and 

animals). The final themes and illustrative examples are discussed in greater detail below. 

Environment 
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The environment theme was based on features of the environment that were acting as 

facilitators or barriers. It was largely centered on four built environment codes (e.g., 

distance, skate parks, splash pads, and indoor facilities) and weather.  

Barrier: 

Children described feeling confined by distance; as one girl in grade 8 said, “Your 

parents usually don't want to drive you cause my friend lives, like, a long way's away.” 

Similar sentiments were discussed when it came to travel to and from school or 

extracurricular activities. For example, one boy in grade 5 stated, “Well I don’t walk to 

school because it takes me, like, 30 minutes.” Another girl who had to travel over 120 km 

just to play competitive hockey said, “Um, I play hockey in Thunder Bay, too, so I’m not 

going to walk.” (girl grade 6)  

Children’s perceptions of the built environment barriers seemed focused on splash pads 

and weather. The older children in grades 6 and 7 discussed how they thought the splash 

pad was intended for younger children  

Girl 1: “Well, it’s [the splash pad] kind of, I don’t know how to say this, but it’s kind of, 

like, kiddy.” (girl grade 7) 

Girl 2: “I like swimming so whenever I'm hot, I'll either, I'm, I've probably gone to the 

splash pad twice, but I've - don't think I've gone in either times, but if it's hot, I'll either 

ask my mom to take me to Loftquist [Lake], or I'll just sit inside.” (girl grade 6) 

One environmental variable that is understudied but of growing interest in children’s PA 

literature is the influence of weather. When students were asked about active 

transportation, one boy mentioned he took the bus and walked, and when probed further, 

he said, “I walk like after school that’s why I said both because in the morning it's too 

cold.” (boy grade 7) Another boy shared his feelings about walking in the winter and the 

lack of properly maintained sidewalks or sidewalks in general  

When it's winter, and you're trying to walk around, and you don't got no sidewalks 

you have to walk up snowbanks sometimes you're in slush from the vehicles 

driving by sometimes you're too close, and it's just a hassle. (boy grade 8)  
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Facilitator: 

Children discussed wanting a place to go and do activities after school as a facilitator 

with both the environment and social environment components. As one student 

explained, “There should be like more stuff to do like people just coming and doing 

activities there.” (boy grade 4) Another child expanded on the idea further with more 

specific points like,  

I guess what I was thinking a club where like any sports could be played there so 

like if you want to play volleyball or basketball you can go over there and it can 

be like local, you just grab your stuff and go play that sport for an hour. (boy 

grade 7) 

Another potential facilitator were skate parks. They were mentioned in every focus group 

and the conversations were succinct, as a boy in grade 4 said, “maybe like a skate park 

would be pretty cool” or another boy in a grade 7 “I wish, I wish there was a skate park 

and more people.” 

Social Environment 

Children’s social environment refers to immediate context where a child lives and the 

relationships they have with other people in these contexts. These relationships were 

focused on relationships with adults and peers. 

Barrier: 

Children described how adults were responsible for creating barriers to PA. It was most 

frequently discussed in the context of the school environment. For example, one student 

expressed his frustration with school rules, which he felt were inhibiting PA, “We can’t 

play football now because people were fighting and, (pause), and, like, nothing to do.” 

(boy grade 5) Students acknowledged that rules were in place for a reason, but continued 

to emphasize how rules prevented them from being active, “So, like you could probably 

bring back foursquare, even though there are some poor sports, umm, but, there are poor 

sports in life, so you need to deal with it.” (girl grade 5) Another student stated, “We 

have pretty much not very many options to do in winter because we can’t throw 
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snowballs, can’t slide on ice, and I can see why but maybe more wintery activities.” (girl 

grade 5) 

Facilitator:  

When children were asked what would make them more active after school, many kids 

reported that having better access to their friends or having more people would make 

them more active. A girl in grade 6 said “Um, if there was, like, more people because, 

cause like, when I was, like, younger, me and my brother’s friends would play, like, 

capture the flag or something, but they’re like, all live in Thunder Bay or most of them 

really, don’t really do anything anymore, so, yeah, more people.” Another girl in the 

same grade living in a different part of the community had similar sentiments, “Say if 

there was more people, like, living on my street then yeah, I’d go outside because there’s 

like, mostly old people.” (girl grade 6) 

Another important facilitator that came up was the role of adults in organizing activities 

at school. One girl explained that intramurals were fun, and she wanted more, “Mr [X] 

should start it [intramurals] right at the start of the year so that we could play more 

sports.” (girl grade 6) A girl in a different school thought that adults or even peers could 

facilitate activities, “If maybe the soccer games were organized, and we had teams 

beforehand we wouldn’t waste so much of our recess picking teams.” (girl grade 6) 

Perceptions of Safety 

An important theme that came up through all focus groups was child’s perception of 

safety. Children’s fear stemmed from living in proximity to large bodies of water, dense 

hilly forest, but mostly it was about the fear of animals 

Barrier: 

Across all focus groups, children consistently identified wildlife as a barrier to PA. In 

some cases, wildlife referred to common domestic/household loose dogs running around, 

but the most common fear came from bears. One child explained quite simply, “There’s a 

lot of bears everywhere” (boy grade 4), which prevented him from playing in certain 

areas of the community. The fear of bears was mentioned as something parents were 
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fearful of, as a girl in grade 6 said, “Um, not really but I don't think my mom would want 

me to go in the bush later, like at six, seven or eight because there's been a bear around.” 

The fear of bears was also mentioned without reference to a parent as one girl in grade 4 

said she cannot go in her backyard, “Because there’s been lots of bears and there’s a 

creek in my backyard.” Regardless of where the fear stemmed from, wildlife seemed to 

act as a potential barrier. 

6.6 Discussion 
The purpose of this study was to explore children’s perceptions of the facilitators and 

barriers of PA in rural northern communities. Rural children identified and provided 

contextual information on numerous barriers and some facilitators to their PA. These 

facilitators and barriers were grouped into three themes: environment, social 

environment, and perceptions of safety. The contextual understanding and applied nature 

of these themes can help create more successful interventions in similar rural areas.  

Similar to other research in the rural settings, children mentioned distance was a barrier 

to being active (Moore et al., 2010). Friends’ houses, schools, or recreation facilities were 

too far from children’s houses, meaning they needed a ride from a parent. This similar 

finding across rural areas suggests that there is some generalizability from heterogeneous 

rural contexts (Moore et al., 2010; Yousefian et al., 2009). Distance is an accepted part of 

rural living. To counteract this barrier to physical activity, children should be taught 

games or activities during school to facilitate their own physical activity when confined 

to their homes. 

Two built environment features that were prominently discussed included skate parks and 

splash pads. Children mentioned that a skate park would be a “cool” feature as they are 

common in the closest major city, but all communities lacked anything resembling a 

skate park and local streets are paved with a mix of asphalt and larger aggregate making 

it extremely difficult to skateboard on. The other feature that children mentioned and 

discussed was the splash pad. Two of the towns recently had splash pads built in the last 

five years, and they were the most recent built environment additions in these 

communities. The older children criticized them as being for little children and 

sometimes suggested that there was nothing age appropriate for them. In a more urban 
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area, a study based on interviews with parents indicated that parents were willing to 

travel further for features like splash pads (Tucker et al. 2007). This suggests that park 

design needs to incorporate children of all ages, as differently aged children and parents 

have different perspectives on what is important in a park. The problem of declining park 

usage by age is not isolated to rural areas as other urban studies find decrease park usage 

in adolescence (Veitch et al., 2007), but designing parks for children of all ages is more 

critical in rural areas because these children only have one or two parks in their whole 

communities. If older children feel like features are “kiddy” that space is no longer a 

recreational opportunity for them, causing them to go hang out in other areas that are 

potentially less conducive to PA. Research on older adolescents have found that children 

placed importance on long steep slides, absence of graffiti, presence of swings, 

walking/cycling paths, and BMX tracks and skate bowls (Veitch et al., 2017). These 

could be explored in this rural area.  

Another common environmental feature that was discussed is the impact of the weather. 

Since a single moderator conducted all the focus groups, the period for focus groups 

extended almost six weeks starting in late October (mean temperature = 15ᴼC [59ᴼF]) and 

ending in early December (mean temperature = -10ᴼC [14ᴼF]) with snow covering the 

ground (Government of Canada, 2019). When examining the focus groups 

chronologically, a temporal pattern exists, as the barriers related to the environment 

become more pronounced as the seasons changed. Specifically, some children mentioned 

that they would get rides rather than walk because of the cold. The subtle difference 

between active and inactive transportation can impact children’s overall PA (Faulkner et 

al., 2009). In one focus group, a child noted, that in winter you do not have sidewalks 

because the snow covers them. This finding demonstrates that the weather changes how 

children interact with their environment. This is an important finding as it could suggest 

that weather could be acting as a moderator of the built environment and PA relationship. 

Further research is necessary to understand this complex relationship between the built 

environment, weather, and PA (Tucker & Gilliland, 2007).  

Children who participated in this study want access to more scheduled, or at least loosely 

organized, activities. In the fall season in these rural areas, there are no community or 
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club-organized PA opportunities for children; in the winter months, children can either 

play on a hockey team with practices 3-4 times a week, or a curling program that runs 

about once a week. Previous research has suggested that after-school programs can be 

beneficial in increasing children’s MVPA (Mears & Jago, 2016). A potential solution is 

creating an after-school drop-in program with an adult to help organize different games 

some days and free play on others as children discussed the want for both structured and 

unstructured play. This type of program could also help prevent weather-related declines 

in PA as children are given the opportunity to play indoors. In rural areas, other 

community groups might need to be targeted in taking a more active role in promoting 

PA, as most rural areas lack the resources to employ a recreation programmer to run 

after-school programs.  

Research has found that children’s social environments are important for PA (Martins et 

al., 2017). In this study, children mentioned the social environment at school. Specifically 

discussing teacher-led or organized activities as potential facilitators to PA, and school 

rules as barriers. Schools are an important setting for PA; in fact children get over half of 

their total MVPA during the school day (Clark et al., 2019). In rural areas, the school 

environment is an important place to understand because children have access to friends, 

equipment, and other built environment features that they might not have access to at 

other parts of the day (Meyer et al., 2016). With rural children having more limited 

access to PA facilitators it is important that their school-based PA is understood and 

maximized. However, schools are a complex environment with many diverse 

stakeholders including principals, teachers, educational support staff, parents, and 

students. Collaborative partnerships between these stakeholders are necessary to create 

child-friendly PA environments where all stakeholders feel safe and comfortable. One 

way these environments can be achieved is through strong collaborations between 

student-led school councils that include teachers and principals where they discuss ways 

they can work together to promote PA in the school community (Griebler & Nowak, 

2012). 

In all focus groups, children discussed perceptions of safety caused by fear of wildlife as 

something that prevented children from being active by limiting areas they could or 
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explore. The importance of wildlife is a significant consideration, as it would have less of 

an influence in an urban area. In this rural area, it seemed as if there was a culture of fear. 

Children perceived the fear stemmed from family, friends, and the natural environment. 

This threat is also visualized as one school had recently put in a fence to keep wild 

animals out. It is difficult to disentangle the legitimacy of these fears as wild animals do 

come into the community searching for food, but very rarely have they ever attacked a 

human in this area. This threat has a major implication on rural children as fear can shape 

their “mental maps”, having a negative influence on their independent mobility and 

environmental competence. Other instances besides wildlife were also present as some 

children described that their parents feared the child hanging out near waterbodies or 

climbing the “mountains”. Children may avoid playing in certain areas that are perceived 

as threatening or have been told is threatening by adults or friends (England & Simon, 

2010). Understanding what this culture of fear stems from is crucial as it could be 

combated with wildlife education.  

6.7 Limitations 
One key limitation of this study is that, like other studies, it is context specific. We argue 

that most previous studies offer limited understanding of the determinants of rural 

children’s PA because they have largely taken place in urban settings. However, it can 

also be said of this article that being focused on a particular type of rural environment (in 

Northern Ontario), that some of the findings may not be relevant to other rural settings, 

particularly those with higher population densities and in greater proximity to major 

urban centres. Another limitation of this study is that it only offers the child’s 

perspective. To fully understand the influence of different facilitators and barriers to 

children’s PA researchers also need the opinions of other stakeholders including parents, 

teachers, and community leaders. With the collective opinions from all groups 

researchers can make more accurate policy recommendations. Finally, the term “play” 

and “active” became conflated as it was easier for some children to understand the term 

play. Future research needs to disentangle these two terms to improve the understanding 

of each variable.  
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6.8 Conclusion 
Findings from this study suggest that PA is a complex behaviour that is influenced by 

many different factors. The ecological system theory embraces the complexity of 

children’s PA behaviour. Based on the ecological systems theory, the socio-ecological 

model has become widely used by public health researchers for understanding PA and 

other health behaviours and the basic idea of the model is that children’s PA is influenced 

by characteristics of the specific child (e.g., gender, age), the child’s interpersonal factors 

(e.g., relationship with friends and adults) and, the physical environment (e.g., park 

amenities) (Brofenbrenner, 1979; Humbert et al., 2008; Mehtälä et al., 2014; Sallis et al., 

2008). In these focus groups children discussed factors from these different levels such as 

their relationships with teachers (interpersonal) or wanting a place to play afterschool 

(physical environment). While conceptual models like the socio-ecological model can 

help us better understand PA behaviours, it is also imperative that researchers better 

understand the environmental context in which they are working and properly 

conceptualize and measure variables that are context specific.  

In this Northern Ontario study area, it would be helpful for recreation providers to 

establish contacts with other similar rural communities to determine what they are doing 

differently and if different ideas could be helpful in their region. Given the perspectives 

of children from this area, it is recommended that local recreation personnel contact other 

communities to see how skate parks and after-school programs have been implemented 

and evaluated in other communities. Further research needs to continue to engage with 

rural children, to help uncover how their own unique environmental contexts influences 

not only their PA levels, but also their overall health and well-being.   
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Chapter 7 

7 Discussion 

7.1 Overview  

Despite the overwhelming amount of evidence on the relationship between the urban 

environment and children’s physical activity (PA), comparatively few studies have 

explored the links between rural environments and children’s PA. The overall purpose of 

this dissertation was to partly fill this knowledge gap by addressing the research question: 

What are the environmental influences on physical activity among children in rural 

Northern Ontario? A multi-method approach was used to answer this question over three 

chapters, each with its own research objective. The theory and literature review presented 

in Chapter 2, combined with the data collection methods presented in Chapter 3, 

informed the three studies reported in Chapters 4-6. This chapter presents a summary of 

the key findings of this dissertation, identifies limitations of the research, presents future 

research directions, and describes potential policy implications. 

7.2 Summary of Key Findings and Research Contributions  

To address the overarching research question, this dissertation used a multi-method 

approach and presented three related studies, each addressing a key research objective. 

The objective of Chapter 4 was to examine what factors influence whether children 

achieve their recommended minutes of moderate-to-vigorous PA (MVPA) on weekdays 

and weekend days. Previous research has suggested that there is a difference in children’s 

PA levels on weekdays versus weekend days, but researchers regularly combine both 

weekdays and weekend days in their analyses of PA levels and PA determinants (Colley 

et al., 2017). This approach is problematic for understanding what factors influence PA as 

it fails to recognize the importance that different day types can have on such factors. Our 

data suggest that there are different factors that influence children’s ability to meet the 

MVPA guidelines on weekdays and weekend days. The study used logistic regressions to 

determine what variables influenced whether children met the MVPA guidelines of 60 

minutes of MVPA on weekdays and weekends in 532 children aged 8 to 14 years old 
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from Southern and Northern Ontario. The results of this analysis found that, on 

weekdays, three intrapersonal variables were related to meeting the MVPA guidelines: 

gender, age, and physical functioning. On weekends, one variable each at both the 

intrapersonal and physical environment levels were related to children meeting the 

MVPA recommendations. At the intrapersonal level, gender was significant, as the odds 

of boys meeting the recommendations were greater than girls doing so, but there was a 

decrease in the magnitude of difference. At the physical environment level, a common 

strategy when choosing a referent group is to use the “normative group,” so most 

researchers would pick the urban group as a referent group. However, by selecting rural 

Northern Ontario as the referent group, we highlighted rural children. Children living in 

rural Northern Ontario were significantly more likely to meet the MVPA guidelines on 

weekends than children living in urban areas, suburban areas, urban small towns, or in 

rural Southern Ontario. The regional differences provided a justification to examine the 

rural Northern Ontario sample exclusively. In conclusion, this study indicates that 

different factors influence children’s ability to meet the MVPA guidelines on weekdays 

versus weekend days. While other studies have also found there are differences by day 

type (Comte et al., 2013; Fairclough et al., 2012), few, if any, studies have also 

incorporated regional variations into their analyses. Chapters 5 and 6 considered the 

environmental influences of rural northern children’s PA in greater depth.    

The objective of Chapter 5 was to examine the influences of seasonality and weather on 

rural children’s PA. This study uses cross-classified regression models to determine how 

weather influences day-to-day MVPA levels of children who live in rural Northern 

Ontario communities. The study population included 90 individual children with a total 

of 663 valid days of monitoring data, and the analysis included factors at the 

intrapersonal, interpersonal, and physical environment levels. Methodologically, the 

cross-classified model allowed for flexibility in examining correlated data, so researchers 

could use day-level weather data, which help move the literature beyond examining more 

large-scale seasonal influences (Seltman, 2014). The results from this study indicate that 

boys were more active than girls, children were more active on weekdays and days 

without rain, and for each increase in one degree Celsius, there was 1.33 minutes (p < 

0.01) increase in MVPA, on average. This paper indicates that certain weather variables 
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and temporal differences can significantly impact rural children’s MVPA, and this should 

not be ignored by PA researchers. These findings are contrary to Lewis et al. (2016), who 

found that rain did not significantly impact MVPA of Canadian children in urban areas. 

This difference suggests that weather has differing impacts in urban and rural regions. 

The primary goal of this study was to focus on the influence of day-to-day weather 

changes on MVPA; however, there is still an absence of information on other 

environmental variables that might influence rural children’s PA. In response, Chapter 6 

used focus group data to explore rural children’s perceptions of facilitators and barriers to 

their PA.  

The objective of Chapter 6 was to explore more deeply the facilitators and barriers to 

rural children’s PA. This aim was accomplished through 20 focus groups with 84 

children in grades 4 to 8. The focus groups allowed rural children to express their 

perceptions of barriers and facilitators without being confined by options from surveys. 

The focus groups used a general guideline for questioning but were largely open for 

children to discuss their thoughts and ideas. Using thematic analysis, three themes were 

identified: environment, social environment, and perceptions of safety. Environmental 

features that were discussed include the built environment (e.g., splash pads, school 

playgrounds, skate parks, indoor facilities) and the impact of weather on PA. The 

children explained that friends and adults could either facilitate or restrain their play. 

Finally, fear of wildlife was pervasive, as children’s fears or parents’ fears seemed to 

restrict the children’s independent mobility in some respects. Consistent with other 

studies, the rural children identified variables that are similar to urban and other rural 

environments (Moore et al., 2010), but the children in this study also identified variables 

that are unique to this context. This study has advanced the research body by using a 

large sample from a geographically isolated rural community. These findings suggest that 

researchers can use urban- or rural-based literature to create potential hypotheses but 

need to use methods that allow them to collect data on the uniqueness of the specific rural 

environment. 

Using a multi-method approach was a complex process requiring both quantitative, 

qualitative, and methodological expertise. However, this approach was necessary as the 
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combination of methods is stronger than any single method. This approach provided 

richer data and greater credibility than previous studies by offering complementary and 

confirmatory insights (Johnson & Onwuegbuzie, 2004), as illustrated in Chapters 5 and 6. 

Chapter 5 quantitatively demonstrated the impact of temperature and rain, and Chapter 6 

added explanations for these findings.  

Overall, the major contribution of this dissertation lies in its contribution to knowledge of 

rural children’s PA. However, the combined results have created important 

methodological and theoretical considerations. First, the results reveal the importance of 

the temporal environment on children’s PA. In most children’s PA research, the temporal 

realm is either omitted or inadequately explained (Spence & Lee, 2003). In Figure 7.1, 

two models are presented, one to represent the weekdays and one to represent the 

weekend days. This approach was taken in Chapter 4, in which the two models were 

constructed. In Chapter 5, we conceptually thought of it as one model and included 

temporal variables (e.g., day type and weather) and both significantly impacted MVPA. 

This finding cannot be understated, as most children’s PA researchers aggregate as much 

data as possible to create a “representative” picture of children’s PA. The price of 

aggregation and confidence in a measure is the potential loss of understanding nuances, 

such as temporal differences. When trying to understand human behaviour, the loss of 

detail or nuance can be drastic, as this may include information that is critical for 

planning effective interventions (Pollet et al., 2015). Most applications of the socio-

ecological theoretical framework in the health-promotion literature tend not to include 

temporal dimensions (Moore et al., 2010; Sallis et al., 2006), even though this was part of 

Bronfenbrenner’s early conceptualization (Brofenbrenner, 1979). The findings of this 

dissertation clearly show that it is important that researchers not overlook temporal 

aspects (e.g., day type, seasons) when theorizing or conceptualizing children’s PA 

behaviours. Second, this research demonstrates the significance of having a contextual 

understanding of the environment of the study area, recognizing that a child’s PA 

behaviour is partially formed by their environment. A good fit between the individual and 

the environment can lead to positive health-related changes (Spence & Lee, 2003). There 

is a need for researchers to have a more comprehensive understanding of the environment 

and children’s actions within their environment. This research found that none of the 



126 

 

commonly studied environmental variables (e.g., accessibility to recreation facilities, 

perceptions of the neighbourhood) were significant in influencing MVPA in the 

quantitative papers. I further explored the environment using qualitative measures. The 

qualitative findings suggest that some children were scared to play in certain places 

because of wildlife, that children liked teacher-supported activities, and that the park was 

not an inviting place for children to play, indicating that context-specific variables need 

to be included when examining children’s PA. In this specific area, a variable of 

perceptions of safety from wildlife or a variable of teacher support could be important, as 

seen in Figure 7.1. It is, therefore, imperative that researchers and policymakers 

understand the synergy between the individual and the environment. One of the only 

ways to reach this level of understanding is through a multi-method approach.  
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Figure 7.1 Socio-ecological model for children’s physical activity on weekdays and weekend days with different levels and potential 

variables, including rural specific variables in bold adapted from Sallis et al. (2008)
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7.3 Limitations  

Despite the contributions to understanding rural children’s PA, this dissertation is subject 

to certain limitations. First, the entire STEAM North study was conducted over a four-

month period, which somewhat limits the generalizability of the results as we were 

unable to capture the full range of temporal differences that could potentially influence 

children’s MVPA. This timeframe also influences the multi-method approach, as the data 

were gathered concurrently rather than sequentially. Thus, we could not use the findings 

from the first round of data collection to inform the focus groups, nor use the focus 

groups to inform the second round of data collection. However, these dates were 

specifically chosen in consultation with the school principals, so preliminary data could 

be shared with the school community and students before graduation and could be used 

for the school improvement plan. Second, efforts were made throughout the data 

collection process to maintain the largest possible sample size from fall to winter. 

Unfortunately, fewer students completed the full data-collection cycles in the winter, and 

fewer students participated in the focus groups (44%), potentially making some of the 

results less transferable to the wider population. Third, I used the socio-ecological model 

as a framework for this dissertation. One of the main disadvantages of any ecological 

model is the challenge to evaluate all components. I used all available data to construct 

the most comprehensive models but was still limited regarding some of the constructs I 

could measure. Specifically, the construct “social capital” has been cited as an important 

variable in improving children’s PA (Button et al., 2013), but this was outside the focus 

of this dissertation.  

There are other important characteristics of working with rural communities that are 

important to recognize as they impact data analyses. When working in rural regions, 

researchers may be somewhat limited in sample size selection and environmental 

variability. In this study, every child in the area was recruited, but, in some instances, we 

were unable to build a multi-variable model due to small numbers, despite high 

participation rates. This problem cannot be circumvented by recruiting more children 

because this could potentially bias the sample, as you would need to add other 

communities. Another concern when working in rural areas is the lack of environmental 
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variability. When conducting regression analysis, a lack of variability in predictor 

variables can lead to a less-precise model (Marill, 2004). 

7.4 Future Direction 

The STEAM project started as a pilot project in 2009 and has now been built into a 

distinct database of health information on a geographically diverse group of children. At 

the individual manuscript level, each study can be extended to enhance our knowledge of 

the research area. Study 1 could lead to two directions in future research. First, Study 1 

suggested that different variables influenced MVPA on weekdays and weekends. This 

finding is similar to ideas put forth by Sallis et al. (2006) in their four domains of active 

living research, in which they suggest that research needs to be domain specific, so 

accurate models can be constructed (Sallis et al., 2006). This domain-specific modelling 

is evident in active transportation literature (Larsen et al., 2009) and in temporal domains 

such as recess (Woods et al., 2015), but is limited in other domains of children’s MVPA. 

Second, more geographically distinct areas need to be researched or publicized to 

determine whether a difference exists that is similar to the difference between rural 

Northern Ontario and different urbanicities in Southern Ontario. Researchers need to 

determine whether different areas display differences in MVPA, or whether a global 

model is accurate. Currently, most Canadian MVPA literature tends to cite an analysis 

based on data from the Canadian Health Measures Survey (Roberts et al., 2017; 

ParticipACTION, 2018), but we have little support to suggest that these results are valid 

in all different Canadian communities.  

Study 2: In Canada, weather temperatures can change drastically from summer to winter, 

and these weather changes differ from Southern Canada to Northern Canada. It is likely 

that children are more active in warmer months than in colder months, but brief cross-

sectional snapshots confound our understanding of weather-related changes in PA as few 

studies have examined children’s PA throughout the entire year (Rich et al., 2012). A 

more intensive full-year study needs to be done to understand better how weather 

influences PA and how built environments potentially moderate the relationship between 

weather and PA.  
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Study 3 was limited by the time constraints of a school lunch period and had the goal of 

capturing a breadth of data rather than a depth of data. Future research should spend 

longer with children, probe them more deeply about their answers, and attempt to use 

more innovative research methods, such as photovoice or participatory mapping exercises 

(Wilson, et al., 2019). Using more innovative methods could help improve data quality, 

as drawing, mappings, diaries, and storytelling might allow children to communicate in 

ways that are more suited to their understanding of the environment (Barker & Weller, 

2003). These approaches allow for a richness in data that can potentially help understand 

PA behaviours in context. Additionally, physical inactivity is a multi-faceted problem, 

and researchers should conduct focus groups and interviews with people that the children 

mention, including parents, teachers, and recreation officials, as congruence among these 

groups could lead to improved PA interventions (Gillies, 1998).   

Overall, each study has its potential direction for future research, which will help 

improve the surveillance level of data and contribute to the body of knowledge. One 

large-scale method shift that could potentially aid in future research is using ecological 

momentary assessment, which involves repeated sampling of subjects’ current behaviours 

and experiences, in real-time, in subjects’ natural environments (Dunton, 2018). 

Although a contentious approach, it could help gather specific temporal data that could 

potentially help understand PA behaviour during a specific timeframe and during a 

specific activity, which could lead to a better understanding of rural children’s PA and 

create better interventions.  

If researchers are focused on creating interventions, they may want to adopt a modified 

community-based participatory research approach. In this approach, a research team 

would work with a specific community throughout the entire research process, from 

defining a problem and collecting data, to creating and carrying out an action plan 

(Holkup et al., 2009; Kenny et al., 2013). This approach would be beneficial as it could 

leverage contextual knowledge to create more successful and community-supported 

environmental interventions than exist at present.  
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7.5 Policy Implications 

Overall, the policy implications are presented at the community level and the provincial 

and federal level. At the provincial and federal level, I suggest two separate 

considerations that are important for rural children’s PA and rural health in general.  

One of the driving forces behind the aforementioned timelines of this dissertation came 

as a direct request from the principals of the participating schools. The school principals 

wanted information, so that their graduating students could see the preliminary results, as 

a research project is a real-life example of inquiry-based learning. The principals also 

wanted to complete school improvement-plans based on the preliminary data (see 

Appendix C). Thus, we have already helped educate children, parents, and school boards 

about the health behaviours of their children. Having community-level data is important 

as a lack of appropriate data has been cited as an issue when working with rural 

communities (Ministry of Health and Long-Term Care, 2017). Furthermore, since the 

completion of this study, some schools and communities have made important health-

related changes. For example, one of the schools in the study was recently recognized as 

one of 274 schools across Ontario that holds a silver Ontario Health and Physical 

Education Association certificate as a Healthy School. The school implemented a family 

wellness fair, a healthy snacks initiative, and personal health workshops. Another 

example is the formation of an “after-school” boys and girls club in one of the 

communities. However, in these rural communities, it is difficult to create change as there 

is limited human capital (Meyer et al., 2016).  

At the provincial and federal level, there is a continuous awareness of the importance of 

PA (Ministry of Health Promotion, 2010; Public Health Agency of Canada, 2018). 

However, rural areas are often neglected or superficially treated in any plans. Federal and 

provincial policies tend to treat rural areas as a single entity for several reasons. First, the 

political process often requires that a significant coalition be formed to pass rural-related 

legislation, and it is more expedient to lump than to divide. Second, policymakers and 

legislators often do not understand rural variability and diversity or the methods for 

making these distinctions (Hart et al., 2005). Third, policymakers tend to focus on access 

to healthcare services rather than individual community well-being (Smith et al., 2008). 
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These three factors miss the contextual nuances of living in the rural environment. This 

point was further highlighted when a group of 28 rural experts discussed that rural 

communities need to be involved when determining policies and programs given the 

heterogeneity of rural communities (Nykiforuk et al., 2018). Currently, under the Ontario 

Conservative government, there are plans to amalgamate the 36 local public health 

agencies into 14 (Ministry of Health and Long-Term Care, 2017). The Chief Medical 

Officer for the Northern Health Unit, the neighbouring health unit to the Thunder Bay 

Health Unit, which includes the communities of Nipigon, Red Rock, Dorion, and 

Hurkett, has already expressed their concerns about local voices being lost in the 

amalgamation (Jeffords, 2019). In these small rural communities, the loss of the district 

health units could lead to the concerns of rural communities being ignored.  

More broadly, another policy consideration centres around the community in general. In 

rural areas, communities play a vital role in the health and well-being of their members. 

Some rural areas in Canada rely on the richness of their natural resources (Ministerial 

Advisory Council on Rural Health, 2002). This reliance creates devastating boom-and-

bust cycles. The communities of Nipigon, Red Rock, Dorion, and Hurkett are still 

searching for a major employer since the loss of their paper mills. The combination of 

boom-and-bust economies, increased migration of youth to cities, the aging of the 

population, chronic high unemployment, and downturns in economic activity has 

important implications for rural communities and, consequently, for children’s PA 

(Lawrie et al., 2011; Moazzami, 2015; Rothwell, 2002; Singh, 2002). For example, when 

Red Rock lost its paper mill, taxes increased, and the community had to make layoffs, 

and consequently they no longer employ a full-time recreation programmer. Overall, the 

lack of investment in keeping rural communities alive not only negatively impacts the PA 

levels of children, but also the health of the entire community (Shandro et al., 2011; 

Sherman, 2009). Therefore, the government needs to invest in these communities to keep 

them healthy. If more money is available for recreation projects, the information from 

this dissertation could be used to help direct those investments because park design, 

places to play in bad weather, and community-based programs seem to have the potential 

to increase children’s PA.  
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7.6 Conclusion 

Over the past decade, children’s PA has been an important public health and academic 

concern. Gaining a better understanding of how the environment (built and natural) 

influences PA has become a research priority. Nevertheless, the current research body is 

dominated by studies of urban environments, leaving a major gap in understanding 

environmental influences on rural children’s PA. A multi-method approach, based on the 

socio-ecological model was used to examine the environmental influences of rural 

children’s PA. This dissertation presents both quantitative and qualitative results 

regarding rural children’s PA that are crucial for PA researchers, policymakers, and 

recreation officials. 
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Appendix B: Relevant STEAM documents 

Parent letter of information  
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Child Letter of Information 
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STEAM Child Survey – Relevant Sections 

 

 
STEAM study – Registration Form 

 
Section A: General Information 

1. I am     girl   boy  other 

2. When is your birthday (Day/Month/Year)? _____________ 
 

3. What grade are you currently in? _____________________ 

4. I live at my main home with… 

  one parent  

  two parents 

  other : _________________________________________ 
 

5. I live in… 

  one home (sleep all nights in the same home) 

  more than one home (please describe): ___________________________ 
 

6. How many days a week do you live at your main home?  

   1 2 3 4 5 6 7 
 

7. How many people live (including yourself) in your main home? 

  2    3     4    5    6 or more  
 

8. How many children (including yourself) live in your main home? 

  1     2    3    4     5 or more 
 

9. Do you have a dog?    Yes    No 

a. If yes, on how many days last week did YOU walk your dog? 

0 1  2 3 4 5 or more days 
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10. I live in a…  

  single house (not attached to any others) 

  semi-detached house (a house attached to just ONE other house) 

 
 

11. Have you and your family moved homes within the last 2 years?    
Yes    No 

What is your primary race / ethnic background (check ONE or TWO)?  

  Middle Eastern (e.g., Egypt, Iran, Lebanon)   

  Latin American  

  North American Indian, Metis or Inuit 

  Black/African/Caribbean 

12. Do you have asthma or regularly have breathing problems? 

  Yes    No 

a. If yes, do you use an inhaler (puffer)?    Yes   No 

 

J : Barriers to activity in your neighbourhood 
parks/playgrounds  

 

Please tell us whether this stops you 

from going to a park/playground in your 

neighbourhood. 
No 

Sometimes 

No 

Sometimes 

Yes 
Yes 

1. It is too far from my 
house or takes too much 
time to get there 

    

2. There is no or not 
enough equipment or 
activities I like 

    

3. There is not enough 
room from the activities 
I like to do 
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Please tell us whether this stops you 

from going to a park/playground in your 

neighbourhood. 
No 

Sometimes 

No 

Sometimes 

Yes 
Yes 

4. There are no other kids 
to play with there     

5. There are no adults 
there to supervise      

6. It feels unsafe there 
because of crime (ex: 
strangers, gangs, drugs) 

    

7. I get bullied or teased 
when I go there     

8.  I have nobody to go 
there with      

9.  There are too many 
people there / feels too 
crowded 

    

10.  There is too much 
garbage or graffiti     

11.  Other reason? 
___________________
____________ 

    

K : Streets in my neighbourhood 

 I strongly 

disagree 

I disagree 

a little bit 

I agree a 

little bit 

I strongly 

agree 

1. There are enough 
sidewalks on the street 
in my neighbourhood. 

    

2. There are walking trails 
in or near my 
neighbourhood that are 
easy to get to. 

    

3. There are bicycle lanes 
or trails in or near my 
neighbourhood that are 
easy to get to. 
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L : Safety in my neighbourhood 

 I strongly 

disagree 

I disagree 

a little bit 

I agree a 

little bit 

I strongly 

agree 
1. There is so much traffic 

along the streets near 
my home that it is 
difficult or unpleasant to 
walk. 

    

2. There is so much traffic 
along the streets near 
my home that it is 
difficult to ride my bike 
or play on the street. 

    

3. Most drivers go too fast 
while driving in our 
neighbourhood. 

    

4. There is a lot of crime in 
my neighbourhood.     

5. It feels unsafe to walk 
by myself around my 
neighbourhood during 
the day. 

    

6. It feels unsafe to walk 
with friends or siblings 
around my 
neighbourhood during 
the day.  

    

7. I am worried about 
being or walking by 
myself in my 
neighbourhood and local 
streets because I am 
afraid of being taken or 
hurt by a stranger. 

    

8. My parents or guardians 
are afraid that I will be 
taken or hurt by a 
stranger if I am out 
walking alone in my 
neighbourhood. 

    

4. There are lots of trees 
along the streets in my 
neighbourhood. 

    

5. I know a lot of people in 
my neighbourhood.     
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M : My Quality of Life 
About my health and activities… 

In the past month… Never Rarely Sometimes Frequently Always 

9. It has been hard 
for me to walk 
more than one 
block 

     

10. It has been hard 
for me to run      

11. It has been hard 
for me to do 
sports activity or 
exercise 

     

12. It has been hard 
for me to lift 
something heavy  

     

13. It is hard for me to 
take a bath or 
shower by myself 

     

14. It is hard for me to 
do chores around 
the house 

     

15. I have hurt or 
ached      

16. I have had low 
energy      

 

 

 

About my feelings.… 

In the past month… Never Rarely Sometimes Frequently Always 

1. I have felt afraid 
or scared      
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2. I have felt sad or 
blue      

3. I have felt angry      

4. I have had 
trouble sleeping      

5. I have worried 
about what will 
happen to me 
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How I get along with others…. 

In the past month… Never Rarely Sometimes Frequently Always 

1. I have had trouble 
getting along with 
other kids 

     

2. Other kids have not 
wanted to be my 
friend 

     

3. Other kids have 
teased me      

4. I cannot do things 
that other kids my 
age can do 

     

5. It has been hard to 
keep up when I play 
with other kids 

     

About school… 

In the past month… Never Rarely Sometimes Frequently Always 

1. It has been hard to 
pay attention in class      

2. I forget things      

3. I have had trouble 
keeping up with my 
schoolwork 

     

4. I have missed school 
because of not 
feeling well 

     

5. I have missed school 
to go to the doctor or 
hospital  
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STEAM Parent Survey – Relevant Questions 
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Appendix C: Knowledge Translation  

 

Available at: http://theheal.ca/projects/previous-projects/ 
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