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Abstract 

Surveillance data from 105 countries indicates that 80% of 13-15 year-olds do not meet 

the public health guideline of 60 minutes of moderate-to-vigorous physical activity (MVPA) per 

day. This is problematic as a lack of physical activity in young people is associated with 

physical, mental, and social health problems. Schools are a place where children and adolescents 

spend a large amount of their time and where they have several opportunities to engage in 

physical activity. The built and social environment of the school can influence the physical 

activity levels of students. The school built environment consists of the facilities that can 

encourage physical activity such as gymnasia, fields, and fitness rooms. This thesis looked at two 

aspects of the social environment: 1) school policies, programs, and practices (PPP) for physical 

activity, and 2) school social capital. School PPP includes things like having intramural sports. 

School social capital is based on the relationships formed at school. The purpose of this thesis 

was to determine whether selected features of the school social environment (social capital, 

school PPP for physical activity) changes the relationship between the school built environment 

and physical activity among 11-15 year-old Canadians. Information on the school social 

environment, school built environment and school time physical activity was gathered using a 

national representative survey called the Health Behaviour in School-aged Children survey 

(HBSC). The HBSC consists of a survey completed by grade 6-10 students in their classroom 

and a second 10 minute long survey completed by the principal of the participating schools.  

 Results of this thesis indicate that the school built environment and school social capital 

were positively associated with school time MVPA, while school PPP had a slight negative 

association. School PPP altered the relationship between the built environment and physical 

activity. Specifically, the strongest positive association was between the built environment and 
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MVPA levels in schools with few school PPP. However, school social capital did not alter the 

relationship between the built environment and MVPA.  

 The results of this thesis can be useful in creating new school physical activity 

interventions.   
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Chapter 1                                                                                                        

Introduction 

1.1 General Overview 

According to the 2007-2009 Canadian Health Measures Survey, only 7% of school-aged 

Canadian children and youth accumulate at least 60 minutes of moderate-to-vigorous physical 

activity (MVPA) on a daily basis.
1
 This low rate of physical activity was also found in a 

combined analysis of the Global School-Based Student Health Survey (GSHS) and the Health 

Behaviour in School-aged Children (HBSC) survey, which found that only approximately 20% 

of 13-15 year-olds reached the recommended 60 minutes of daily MVPA.
2
 These low rates of 

physical activity are a major health concern as high levels of physical activity have been shown 

to help control blood pressure, reduce the risk factors of the metabolic syndrome, improve bone 

mineral density, and help lower body weight and fat as well as reduce symptoms of depression 

and increase academic performance.
3,4

 In order to provide all the benefits that physical activity 

offers, it is necessary that we understand the possible determinants of physical activity. 

One determinant that has shown a positive association with physical activity is the built 

environment. The built environment is defined as “the arrangement of activities or land uses 

within community settings, and the nature of the physical connections between the places where 

we live, work, and play.”
6
 The built environment at school may be particularly important for 

young people as they spend around 1,400 hours a year in this environment. The school built 

environment includes indoor and outdoor facilities and equipment for safe, quality physical 

activity during students’ free time. Such facilities and equipment may include running tracks, 

soccer fields, gymnasiums, and basketball courts. 
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Research over the past decade has increased our understanding of the association between 

the built environment and physical activity within schools. This research has shown a weak 

positive association between the built environment at school and physical activity.
7-10

 For 

example, a playground redesign intervention in England found that when schools divided 

playgrounds for different types of play (sports area, multi-activity area, and a quiet play zone) 

and added several built environment features (soccer goal posts, basketball hoops, and fencing 

around certain areas of the playground), children engaged in 4.5% and 2.3% more MVPA and 

vigorous physical activity (VPA),  respectively, during recess compared to the control school 

children.
11

 Although this amount of activity may seem small, if this is applied to the population 

level, such as all the school children in Canada, the results are actually quite significant. 

However, many aspects of this relationship remain unclear. Of particular interest for this thesis is 

the lack of research that has considered whether the built environment and physical activity 

relationship is impacted by a third variable, such as the social environment. It is possible that the 

built environment may be weakly or not at all related to physical activity if there is not a 

supportive social environment. If this were the case, it would suggest that changing the built 

environment would be ineffective in the absence of corresponding changes to the social 

environment. 

Two social factors that may affect the relationship between the built environment and 

physical activity at school are social capital and school policies, programs, and practices (PPP) 

related to physical activity. The purpose of this thesis was to examine if the school social 

environment moderated the relationship between the built environment at school and physical 

activity in students. It was hypothesized that the built environment at school would be more 
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strongly related to students’ physical activity levels in schools with a higher social capital and 

more physical activity related school PPP. 

1.2 Thesis Focus 

This thesis aimed to determine how the social environment at schools affects the 

relationship between the built environment at school and physical activity in Canadian youth. 

The thesis contains two manuscripts. The first is focused on how school PPP affects the 

relationship between the built environment and physical activity. The second is focused on how 

school social capital affects the relationship between the built environment and physical activity. 

The two manuscripts are tied together conceptually by their investigation of the social 

environment as a moderator of the relationship between the built environment at school and 

physical activity among Canadian youth. 

1.3 Scientific and Public Health Significance 

The vast majority of Canadian youth do not engage in enough physical activity for health 

benefits.
1,2

 In an attempt to better understand the low physical activity levels within the pediatric 

population, researchers have studied the associations between the built environment and physical 

activity. As reviewed previously, this research has demonstrated that the built environment has 

small to modest positive effects on youths’ physical activity.
12

 This includes the built 

environment at school, a place where most young people spend about 38% of their waking hours 

during the school year. Despite the amount of published work, more research is needed in the 

built environment field. Specifically, there is a lack of information on the interaction between the 

built and the social environments. It is important to determine if such interactions exist because it 

is possible that differing levels of social environment may strengthen or weaken the relationship 

between the built environment and physical activity. It is necessary to understand the influence 

of the social environment because making changes to the social environment could be easier and 
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more cost effective than to the built environment. Changes to the social environment may in turn 

increase the association between the built environment and physical activity. 

1.4 Study Purpose and Population 

The overall purpose of this thesis was to determine if the relationship between the built 

environment and MVPA within youth is moderated by the social environment at school. The 

relationships were explored using the Canadian HBSC. The HBSC is a cross-sectional survey 

that obtains information on a variety of health behaviours, health determinants, and personal 

characteristics of students in grades 6-10 (approximate ages of 11-15 years-old). In addition to 

the student questionnaire, the Canadian HBSC collects information on school characteristics and 

environment using an administrator survey that is completed by the principal or designate at each 

of the participating schools. The 2009/10 Canadian HBSC includes data on 26,078 participants 

who attended 436 schools across the country. 

1.5 Thesis Objectives 

The purpose of this thesis was addressed by conducting two studies which comprise two 

distinct manuscripts in this thesis. Manuscript 1 determined if school PPP around physical 

activity moderated the relationship between the built environment at school and physical activity 

in students. I hypothesized that school PPP would moderate the relationship between the built 

environment and physical activity such that schools with higher levels of school PPP would have 

more active students. The objective of manuscript 2 was to determine if school social capital 

moderated the relationship between the schools’ built environment and physical activity in 

students. I hypothesized that social capital would moderate the relationship between the built 

environment and physical activity in students and that schools with higher levels of social capital 

will have more active students. 
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1.6 Thesis Organization 

This thesis is manuscript-based and conforms to the regulations as outlined in the 

Queen’s School of Graduate Studies and Research “General Forms of Theses” as well as the 

guidelines of the School of Kinesiology and Health Studies. This thesis consists of five chapters. 

Chapter 1 is a general introduction to the topic area, rationale for this thesis, and the objectives 

and hypothesis. Chapter 2 is a summary of the literature that examines the relationship between 

the school built environment and physical activity, and the moderator effects of the social 

environment on this relationship. Chapter 3, the first manuscript of the thesis, looks at school 

PPP as a moderator of the relationship between the built environment at school and physical 

activity. Chapter 4, the second manuscript of the thesis, looks at social capital at school as a 

moderator of the relationship between the built environment at school and physical activity. 

Chapter 5 reviews the key findings and provides a general discussion on the overall thesis topic. 

Finally, some additional information is included in the Appendixes. The additional information 

includes: exclusion diagrams, ethics, and relevant questionnaire items from the HBSC student 

and administrator surveys. 
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Chapter 2  

Literature Review 

2.1 General Overview 

 A modeling study using information gathered up to the early 2000’s predicted that the 

current generation of children will be the first generation that will theoretically fail to have the 

same life expectancy of their parents.
1
 One reason for this decline in life expectancy is that only 

20% of 13-15 year-olds reach the recommended 60 minutes of daily MVPA.
2
 In order to reverse 

these problems, researchers must find effective ways to increase children’s physical activity. The 

school environment has been thought of as an effective place to increase the physical activity 

levels of students because children spend a large portion of time at school.
3-6

  

This literature review starts by defining the key terms and concepts used in this thesis. 

This is followed by a section that examines the importance of physical activity for school-aged 

children and youth, including physical activity that is performed while at school. This is followed 

by a brief section that describes the individual determinants of physical activity in children and 

youth. Next, a brief look at the relationship between different built environment features and 

physical activity is given. This is followed by a more extensive review of the relationship 

between the school built environment and physical activity. Finally, an overview of the 

association between the social environment and physical activity is given, as well as a discussion 

of how the social environment may moderate the effect of the built environment.  
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2.2 Key Definitions 

2.2.1 Pediatric age groups  

The term “child” is normally used to designate people under age 12 and “adolescence” 

people aged 12-19 years. “School-aged children” is often used to describe children and 

adolescents who attend school (approximately ages 5-17 years). In this thesis, I have used the 

term “youth” to describe the pre-adolescent and early adolescent age period (approximately ages 

10-16 years). 

2.2.2 Built Environment  

The built environment is “the arrangement of activities or land uses within community 

settings, and the nature of the physical connections between the places where we live, work and 

play.”
7
 Built environment features relevant for physical activity include, but are not limited to, 

walkability, parks and green space, and recreation facilities. The main exposure (independent) 

variable in this thesis is the school built environment. The school built environment includes the 

number of facilities and the makeup of the play area and playground markings.
8-10

 Relevant 

facilities may consist of gymnasiums, sports fields, courts, fitness/exercise rooms, swimming 

pools, and running tracks.  

2.2.3 Physical Activity 

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

results in energy expenditure.
11

 This thesis focuses primarily on MVPA; MVPA is activity which 

significantly increases one’s heart rate, breathing, and body temperature.
12

 Physical activity 

intensity can be measured based on metabolic equivalents (METs), which measure the amount of 

oxygen used by the body during physical activity. One MET is the energy (oxygen) used by the 

body at rest.
13

 For children, sedentary activity ranges from 1-1.5 METs and would include 
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activities such as playing traditional video games, doing homework, or playing board games. 

Low to moderate intensity activities range from 1.6-3.9 METs and include light walking, and 

household chores. MVPA are those activities where the MET values are 4 or greater and include 

fast walking, rope skipping, soccer, basketball, and running.
13

 

2.2.4 Social Capital 

Researchers have debated the meaning of social capital. Some researchers have defined 

social capital as “the material, informational and affective resources to which individuals and, 

potentially, groups, have access through social connections.”
14

 Other researchers refer to social 

capital as “the features of social organization, such as civic participation, norms of reciprocity, 

and trust in others that facilitate cooperation for mutual benefit.”
15

 For this thesis, school social 

capital will encompass the idea that students’ lives are improved through social relationships at 

school.
16,17

  

2.2.5 School policies, programs, and practices (PPP) 

A policy is “an explicit or implicit single decision or group of decisions which may set 

out directives for guiding future decisions, initiate or retard action, or guide implementation of 

previous decisions.”
18

 A program is simply “a planned series of upcoming events” and practice is 

the “action or process of performing or doing something.”
19

 An example of school policy is a 

school rule that would promote physical activity as part of special events. An example of a 

practice is giving students a five minute activity break if they need to be seated for longer than 

30 minutes. An example of a school program is an intramural basketball league. A program or 

practice normally helps the school reach the goals of its policies.  
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2.2.6 Moderator  

A moderator variable is a variable that affects the direction and/or strength of the 

relationship between an independent (exposure) variable and dependent (outcome) variable.
20

 

For example, the strength of the relationship between social support and depression is 

considerably stronger in women than it is in men. In this example sex is the moderator variable.  

2.3 Physical Inactivity in Children is a Public Health Problem 

Canada’s Physical Activity Guidelines state that school-aged children and youth (5-17 

years of age) should accumulate at least 60 minutes of MVPA on a daily basis to achieve health 

benefits.
21

 Unfortunately, according to the 2007-2009 Canadian Health Measures Survey, a 

nationally representative survey that assessed physical activity objectively using accelerometers, 

only 9% of boys and 4% of girls met the 60 minutes/day MVPA guideline.
22

   

The poor adherence to the physical activity guidelines is concerning because physical 

activity declines into adulthood
23

 and because physical activity in adulthood is a key determinant 

of morbidity, mortality, and healthcare spending.
24

 Within school-aged children and youth, 

physical activity is associated with both short- and long- term health benefits. Some short-term 

benefits of physical activity include higher self-esteem, reduced stress, reduced anxiety, and 

lower levels of depression, which is important since depression is becoming more prevalent.
25

 

Some long-term benefits of physical activity include control of blood pressure, reduced risk 

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

weight and fat.
26

 In addition, physical activity, levels have been positively linked with cognitive 

development.
27

 Thus, establishment of a healthy active lifestyle early in life has the potential to 

reduce future risk of developing chronic diseases and dying prematurely. 
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2.4 Determinants of Physical Activity in Children 

In order to understand why school-aged children are not meeting the Canadian physical 

activity guidelines of 60 minutes of daily MVPA it is important to understand the determinants 

of physical activity levels. Research has indicated that factors beyond the individual may 

determine levels of physical activity. Social, physical and policy environments impact the ability 

or likelihood of individuals participating in physical activity. Because of this, researchers are 

increasingly considering ecological models.
28

 Ecological models provide a framework which 

shapes the concept that individual behaviours and characteristics interact with the environment 

within which that individual is situated.
28

 Thus in order to improve individual health behaviour, 

determinants outside the individual must be considered. Depending on the model, usually 4 or 5 

layers are considered. These layers include: individual environment, social environment, 

physical environment and policy environment. Each of these layers consists of various 

determinants of physical activity. The individual layer can consist of: age, sex, level of 

education, and socioeconomic status (SES).
29

 The social environment can consist of: family 

support, friends, schools, community norms and background.
29

 The physical environment can 

consist of: availability of parks, playgrounds, and sports fields, as well as street connectivity.
29

 

Finally, the policy environment can consist of: education policies, health policies and active 

transport policies.
30

 Considering this type of model allows for the possibility of integrated 

interventions.   

2.4.1 Importance of the School on Physical Activity 

The vast majority of 5-17 year-olds in Canada spend about six hours a day, five days a 

week, 37 weeks a year at school (approximately 195 days).
31

 Students have several opportunities 

to engage in physical activity during their free time at school: before classes begin, during breaks 
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(lunch and recess), and after classes end. During class time, children can be active during their 

physical education classes or, in some provinces, during the daily physical activity (DPA) 

portion of the curriculum. Health and physical education (PE) classes refer to a specific time of 

the day or week when the physical education curriculum is taught. The goal of PE is to have 

students acquire the skills that will allow them to lead healthy and active lifestyles. DPA refers to 

a time in each school day where students are provided with opportunities to participate in a 

certain amount of sustained MVPA each school day during instructional time. The goal of DPA 

is to enable all elementary students to improve or maintain their physical fitness and their overall 

health and wellness, and to enhance their learning opportunities.
32

 

Physical activity may also be accumulated at school during extra-curricular activities 

such as intramural sports, varsity sports, or activity clubs. Given the opportunities that schools 

present for physical activity, it is not surprising that, after the home environment, the school is 

the geographic location where high school students accumulate the most physical activity.
33

 In 

fact, a study of 12-16 year-old Nova Scotia students that used accelerometers and global position  

satellite (GPS) units to measure the amount of physical activity occurring in different locations 

found (depending on gender and urban/rural location) that between 20%-40% of students’ total 

physical activity is obtained at their school.
33

  

Since students accumulate a significant proportion of physical activity at school, it is 

necessary to understand how well schools are currently doing in respect to getting students 

active. Active Healthy Kids Canada, a non-governmental organization dedicated to improving 

the physical activity levels of children and adolescents, generates an annual Report Card that 

grades Canada as a nation in several areas of physical activity, including the amount of physical 

activity accumulated at school and the school setting itself (e.g., how well are schools doing at 
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getting kids to be active). In the 2013 edition of the Report Card, Canadian schools received a C 

in the area of school policies and programs for physical activity. The C grade is based on the 

finding that only 41%-60% of schools meeting the benchmarks for a variety of physical activity 

policies (e.g., daily physical education, DPA, and safety precautions), having physical education 

classes taught by physical education specialists, having students offered at least 150 minutes of 

health and physical education per week, and offering physical activity opportunities outside of 

PE to the majority of their students.  

The Report Card highlighted that even with all the research in this area some research 

gaps still exist. For example, research is required on how governments, school boards, and the 

community can work together to better support the creation and operation of school physical 

activity PPP. Furthermore, the divide between school PPP and student physical activity levels 

needs to be researched.  

Canada also received a C in PE and physical activity participation at school. This result 

was based on the finding that only 41%-60% of students meet the benchmark of at least 150 

minutes of PE per week and are physically active at school outside of PE (e.g., intramurals, 

varsity sports, teams/clubs, and recess). With such a low grade on the physical activity Report 

Card at schools, it is important we study the entire school environment to try and increase this 

grade.
34

  

2.5 Influence of the Built Environment on Physical Activity in the Home 

Neighbourhood 

The built environment is recognized as an important determinant of health
35

 and physical 

activity.
36

 Different aspects of the built environment can be relevant for physical activity, 

including walkability, parks and green space, and recreational facilities. The following three 
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paragraphs focus on these different aspects within the youth’s home neighbourhood. Note that 

the key limitations of the studies in these areas are summarized collectively in section 2.6.4 

rather that within each subsection.  

2.5.1 Walkability in the Home Neighborhood 

In simple terms, walkability is how friendly a neighborhood is to walking. Researchers 

have measured walkability using individual measures and/or a combination of measures. These 

measures have included street connectivity (how well streets connect to one another and the 

density of intersections
37

), land-use mix (distribution of residential, commercial, and office 

development
38

), and safety (cycling and walking infrastructure, road speed, or other things that 

may cause personal injury).
39

  

The results of the studies on the association between walkability and physical activity 

have produced mixed results. A cross-sectional study on street connectivity conducted on 8,535 

Canadian young people aged 11-15 years using subjective physical activity measures and 

geographic computer software to measure street connectivity found that students living in areas 

with lower street connectivity were more likely to be physically active outside of school.
37

 

Unfortunately, this study used a five kilometer buffer around the school as a measure for the 

home neighbourhood. This may have resulted in area level data being given to a student who 

may not live in their school neighbourhood.  

A quasi-experimental study of safety and active transport on 1,244 American parents of 

students in grades 3-5 found 15.4% of students walked more following completion of the safety 

changes, compared to only a 4.3% increase of children who did not pass the area with safety 

changes.
40

 These safety changes included: increasing sidewalks, traffic lights, improving 

pedestrian crossings, and creating bicycle paths. However, it is possible that the parents became 
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more educated on the importance of physical activity and encouraged their children to walk. 

Conversely, a cross-sectional study of neighborhood land use of 1,124 Portuguese teens aged 

from 12-18 years-old using subjective physical activity and neighbourhood land-use measures 

found no association between land-use mix and physical activity. Land-use mix was judged by 

asking if there were interesting things to look at while walking in the neighbourhood and if there 

were many places to go within walking distance of the participants’ homes.
41

 It is possible that 

this study found no association because the study used a convenience sample of Portuguese teens 

and the data came from only five schools in an urban area.  

2.5.2 Parks and Green Space in the Home Neighbourhood 

Parks and green space are essentially pieces of land in or near a city or town kept for 

recreation.
19

 Research on the areas of park and green space has generally shown a positive 

relationship with availability and physical activity. A study of 5,558 teenagers aged 13-17 years-

old from New Zealand using self-reported data on physical activity and perceived opportunity 

for physical activity found that adolescents living within walking distance to a park were 17% 

more likely to participate in regular physical activity as compared to adolescents not living 

within walking distance of a park.
42

 However, walking distance was measured by student 

perception in this study. Therefore, the more active students might have been willing to walk 

further and considered themselves within walking distance of a park. A second study of 177 

seventh grade students who were primarily Mexican-American found similar results. Using a 

map and a draft compass to determine the distance to nearest parks and self-reported data on 

physical activity, the study found that distance to the nearest open play area was inversely related 

to outdoor physical activity for boys. This model accounted for 8.8% of the variance in the 

physical activity outcome.
43

 However, with only 177 participants from just one school in a low 
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SES neighborhood from Texas these results are difficult to generalize to other populations. 

Conversely, a cross-sectional study of 52 African-American girls (8-10 years-old) that measured 

physical activity using an accelerometer and a survey to measure access to parks and green space 

found no association.
44

 This study may have found no association because it had a very small 

sample size, only included African-American girls, and only measured physical activity from 12-

6 p.m.  

2.5.3 Recreation Facilities in the Home Neighbourhood 

Recreational facilities are structures or places that people use for recreation, they include 

such facilities as: gyms, swimming pools, baseball diamonds, and multi-use recreation fields.
45

 

Most studies findings show that physical activity is positively association with living in a close 

proximity of a recreational facility. A cross-sectional study of 2,874 14-19 years-old from 

Northeastern Brazil that measured self-rated physical activity and perception of the environment 

found that males with greater access were 2 times more likely to be physically active, and 

females were 1.3 times more likely to be physically active as compared to children with less 

access to facilities.
46

 Similarly, a study of 610 female children aged 10-15 years in six American 

cities found that the girls having ten or more facilities near their homes were 2.3 times more 

likely to be physically active as compared to those  having fewer than seven facilities near the 

home.
47

 Finally, a study of 811 grade 7-8 students from London, Ontario that using subjective 

physical activity measures and a geographical information system software to assess facilities 

found that children with more than two recreation facilities nearby engaged in 16 more minutes 

of physical activity per day than those with fewer than two.
48
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2.5.4 Limitation of Research on Built Environments and Physical Activity in the Home 

Neighbourhood 

Collectively, these studies suffer from similar limitations. First, they are mostly of a 

cross-sectional design, which does not allow us to infer temporality. Second, most of the studies 

assessed physical activity by self-reports; this is problematic as self-reported physical activity 

data are prone to reporter bias and self-reported measures of MVPA are only modestly correlated 

with objective measures.
49

 Third, there is a lack of consistency in the way the built environment 

is measured among researchers. This is problematic because it is hard to show a consistency in 

results. In self-reported built environment data, one of the aforementioned studies used self-

reported perceptions of a neighbourhood. A more active person in the neighbourhood might be 

more aware of things that are present in the neighbourhood as compared to someone in the same 

neighbourhood who is active only at work or at home. The fourth problem is the buffer zone; a 

buffer zone is a distance from a participant’s house that researchers consider to be accessible. 

This can be measured using census tracts for neighbourhoods, circular distances around homes, 

or distance using walkable areas. For example, the study from London, Ontario used a 1.6 km 

radius buffer instead of street-network buffer. Since no standard exists for size; it is hard to make 

comparisons across studies. Finally, all the studies had fewer than 10,000 participants and only 

three had more than 2,000, which would make it difficult to find an association if a stratified 

analysis needed to be performed.  

2.6 Influence of the Built Environment at School on Physical Activity  

A cross-sectional study of 22,117 students in grades 9-12 from 76 Ontario schools using 

self-reported physical activity measures and a survey completed by a school administrator on 

school facilities found a positive association between school facilities and MVPA. This study 



19 

 

used hierarchical linear regression, and found an alternate room for physical activity within the 

school was associated with an increase of 8 minutes per day in MVPA. None of the other 

features of the built environment in that study were found to be significant predictors of MVPA; 

they included dance studios, swimming pool, baseball diamond, outdoor hoops court, tennis 

court, paved area for games, bicycle racks, skating rink, and a running/walking track.
50

 A second 

similarly designed study by the same group of researchers of 21,754 students in grades 9-12 from 

76 secondary schools in Ontario found that the school environment accounted for 2.1% of the 

variability in female physical activity and 2.8% of the variability in male physical activity. This 

means that about 2.5% of physical activity can be explained by the school built environment.
51

 

These studies both used census information to determine SES, which is an area level predictor of 

SES, and these measures have been found to be weaker predictor of inactivity as compared to 

individual measures
52

 and the study used the administrator’s perception of rural, urban, and 

suburban. These measures may have resulted in misclassification of students and changed the 

strength of the results. Finally, a cross-sectional study of 610 grades 9-12 students from four 

rural Albertan high schools found that an index of student perceived availability of school 

facilities was weakly positively correlated (Pearson r=0.15, p<0.01) with adolescents’ self-

reported physical activity in a sample.
8
 The results remained significant after correcting for 

traditional predictors (i.e., self-efficacy, and peer and family influences). However, this study 

had access only to a convenience sample of rural Albertan students which makes the results hard 

to generalize to the rest of Canada, and this study did not control for SES.   

At the national level, a cross-sectional study of 7,638 grade 6-10 students from across 

Canada found a moderate positive gradient between the number of recreational facilities within a 

school and the likelihood that students engaged in at least two hours/week of MVPA, with the 
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odds ratio increasing from 1.00 in school with 0-1 facilities to 1.37 in schools with 5 or more 

facilities.
9
 This study used a student questionnaire to gather information on physical activity and 

an administrator survey to gather information on the facilities available to students. A cross-

sectional study of 16,471 Norwegian students in grades 4-10 found that students at the secondary 

level (grades 8-10) with a larger number of outdoor facilities had a 2.80 times higher odds of 

being physically active compared with students in schools with fewer facilities. Physical activity 

was measured using a student survey, and school facilities were measured using an administrator 

survey. Finally, a cross-sectional study of 441 grade1-8 students from 16 schools in New 

Zealand found that each additional 10-unit increase in facilities was associated with 3.2% more 

total activity and 8.3% more during recess.
53

 Facilities included things such as fields, nets, slides, 

playground markings and things of that nature. This study measured physical activity using 

accelerometers, and school playground equipment was measured using a standardized protocol 

on three occasions by three researchers. These final two studies contained facilities that may not 

be relevant in a Canadian climate such as a boarding/skating area and an obstacle course. 

Therefore, these results may not be generalizable to the Canadian population.  

The results from the aforementioned studies suggest that the school built environment is 

associated with physical activity, but this relationship is weak to modest in strength. Nonetheless, 

even weak relationships can be important from a public health standpoint if the proportion of 

people exposed to the risk factor, in this case a poorly built environment at school, is high.
9
 

However, these studies all suffer from similar limitations. All studies were cross-sectional in 

design; this does not allow us to infer temporality of the given relationship. In some cases the 

studies had small sample sizes. If these studies used stratified analyses, they may not have had 

adequate power to detect a significant association. This is important because the strength of a 
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relationship may differ when comparing stratas and an overall measure may weaken a stronger 

association. Only one study assessed physical activity objectively (using accelerometers), and 

this study had the smallest sample size. None of the studies measured the school built 

environment in the same way: some studies used administrator data, one used student data, and 

one used observations of trained researchers. This lack of consistency makes the studies difficult 

to compare against one another. Finally, none of these studies looked at whether the association 

between the built environment and physical activity at school was moderated by the social 

environment. This thesis research attempts to address that gap in knowledge.  

2.7 Moderating Effects of the Social Environment between the Built 

Environment and Physical Activity  

 Detecting a moderator variable is important as it may influence the strength and/or 

direction of a given relationship.
54

 The research above has shown that the built environment has 

a relationship with physical activity, but this relationship is stronger in some studies as compared 

to others. It is possible that the social environment acts as a moderator of the relationship 

between the built environment and physical activity which could account for the different 

strengths of the association. The following sections look at different aspects of the social 

environment and how they change the relationship between the built environment and physical 

activity.  

2.7.1 Moderating Effects of Safety on the Relationship between the Built Environment 

and Physical Activity 

There is considerable and consistent evidence that the safety of the environment impacts 

physical activity within children. The Canadian Health Behaviour in School-aged Children 

(HBSC) survey asked 9,114 students in grades 6-10 questions about neighbourhood safety and 
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physical activity. An individual’s perceptions of safety were based on feeling safe, thinking the 

area they live in is safe, and assessing if it was safe for younger children to play outside. A multi-

level logistic regression illustrated that an individual’s perception of safety was associated with 

physical activity. This study found that the relative risk of participating in physical activity 

increased by 31% in males and 45% in females when moving from the lowest to highest 

perception of safety.
55

 This study also found the relationship between recreations facilities and 

physical activity was not moderated by students’ individual perceptions of safety.  

While the study mentioned immediately above showed safety was not a significant 

moderator, a different study found that safety had an interactive effect on obesity, a health 

outcome that was influenced by physical activity.
56

 A cross-sectional modeling study in Indiana 

predicted that the relationship between trails and body mass index (BMI) is modified by crime 

rates. Specifically, the parameters from the regression model indicated that in areas with 800 m 

of trails, there would be a 2.2 kg/m
2
 difference in the BMI of children living in low crime areas 

compared to children living in high crime areas. This was much greater than the association 

between crime and BMI in areas with 100 m of trails, where there was only an estimated 0.4 

kg/m
2
 difference the BMI in children in low and high crime areas.

57
 

2.7.2 Moderating Effects of Socioeconomic Status on the Relationship Between the Built 

Environment and Physical Activity 

As reviewed in detail elsewhere, considerable research indicates SES at the 

neighbourhood- and individual-level is related to physical activity and other health-related 

behaviours within young people.
58,59

 For example, 2,411 Italian youth between the ages of 11-17 

years were questioned about their physical activity and participation in extra-curricular sports 

and parents were asked about educational levels and work activities, in order to estimate SES. 
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The study found students who had fathers who were mangers/professionals or office-

workers/skilled workers had a significantly higher level of extra-curricular physical activity than 

students with fathers who were non-skilled workers.
60

  

There is some evidence, albeit mixed, that the influence of the built environment on 

physical activity may be moderated by SES. A cross-sectional study of 13-15 year-old Belgian 

youth investigated whether the association between neighbourhood walkability and physical 

activity was moderated by neighbourhood SES. A neighbourhood walkability index was 

calculated using three objective geographic information system based measures: residential 

density, intersection density, and land use mix. Residential density is the units of the land area 

devoted to residential use per statistical sector. Intersection density is the ratio between the 

number of true intersections (three or more legs) to the land area of each statistical sector. Land 

use mix is an indication of the degree to which a diversity of land use types was present in each 

statistical sector. Physical activity was measured using an accelerometer. SES was measured 

using information on median house hold income from Belgium’s national institute of statistics. 

The study found that neighbourhood walkability was associated with MVPA, and that this 

association was moderated by SES. In low-SES neighbourhoods, a high walkability score was 

associated with a 7.4 min/day greater MVPA than a low walkability score. Conversely, in high-

SES neighbourhoods, a high walkability score was associated with a 0.4 min/day lower MVPA 

level than low walkability scores.
61

 In contrast to these findings, cross-sectional studies of 

Belgian
62

 and Swedish
63

 adults reported that the relationship between neighbourhood walkability 

and physical activity was not moderated by neighbourhood SES.  
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2.7.3 Moderating Effects of Policies on the Relationship Between the Built Environment 

and Physical Activity 

 There is evidence that physical activity at school is influenced by school policies around 

physical activity. A study of 1,347 students from Norway using the HBSC survey found that 

49% of students attending a school with a written policy were physically active during recess 

compared to 34% of students attending a school without a written physical activity policy.
64

 In 

addition, 43% of students attending a school that offered organized physical activity in non-

curricular time at least three times a week were physically active as compared to 34% of students 

attending a school without physical activity in non-curricular times under the same exposure 

conditions.
64

  

  Although information on whether policies moderate the relationship between the built 

environment and physical activity is absent, analogies can be drawn from the smoking literature. 

In the state of California, a cross-sectional study found that local clean air policies moderated the 

relationship between cigarette outlet density and youth smoking. Youth who lived in a low 

tobacco outlet density and high policy area had a 4% higher prevalence of ever smoking. 

Contrarily, youth who lived in a high tobacco outlet density and high policy level had a 4% 

lower prevalence of ever smoking.
65

 This shows that the association between tobacco outlet 

density and smoking prevalence was moderated by smoking policies.  

 A major gap in the literature exists, in that there are currently no studies looking at school 

programs and policies as a moderator of the relationship between the built environment and 

physical activity. Future research in this area is warranted.  
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2.7.4 Moderating Effects of Social Capital on the Relationship Between the Built 

Environment and Physical Activity   

As children grow older, contexts beyond the family become increasingly important. Their 

well-being is affected not only by the physical environment at the school, but also by the social 

relationships within the school.
66

 These social relationships form the bases of social capital. A 

recent study, which used a resource-based definition of social capital, found that the 

neighbourhood social capital was significantly associated with sports participation (Odds Ratio= 

3.51) in adolescents in the Netherlands.
67

 In a study out of Chicago, children from 

neighbourhoods with high social cohesion (based on social bonds and conflict) were only 0.43 

times as likely to be inactive compared to children from neighbourhoods with low social 

cohesion.
68

 

To my knowledge, only one study has examined whether the association between the 

built environment and physical activity is moderated by social capital. The study found that park 

density was associated with leisure time sports participation, and that this association was 

moderated by neighbourhood social capital (NSC). In low-NSC neighbourhoods, high park 

density was associated with an approximately 20% decrease in the odds of leisure time sports 

participation, compared to an area of low park density. Conversely, in high-NSC 

neighbourhoods, a high park density was associated with an approximately 55% increase in 

leisure time sports participation, compared to an area with a low park density.
69

 

2.7.5 Summary of the Moderating Effects of the Social Environment on the Relationship 

Between the Built Environment and Physical Activity 

The research mentioned above provides evidence that the social environment may 

interact with the built environment to strengthen an association between the built environment 
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and physical activity on health-related outcomes. If this interactive effect holds true for the 

school built environment and school time physical activity, it might be possible to increase 

school time physical activity by changing the social environment in the appropriate school built 

environment. Even if the change is small, a small effect on the relationship between the school 

built environment and school time physical activity can have significant public health 

importance, as it could result in a large improvement in overall population health.  

2.8 Summary 

 The physical activity of school-aged children in Canada is in a sad state. The built 

environment and social environments at school are both related to the physical activity levels of 

children and youth. However, a large gap concerning interactions between the built environment 

and social environment exists. This thesis will try to address some of these gaps.  
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Chapter 3 

The association between the built environment at school and physical activity 

among students is moderated by school policies, programs, and practices 

related to physical activity 

3.1 Abstract 

Background: The school built environment may interact with school policies, programs, and 

practices (PPP) to promote or hinder student participation in moderate-to-vigorous physical 

activity (MVPA). The objective of this study was to explore the interactive effects of the school 

built environment and physical activity PPP on the MVPA of students while at school.  

Methods: Data from 17,917 grade 6-10 students from 316 schools who participated in the 

2009/10 Canadian Health Behavior in School-aged Children survey were analyzed using multi-

level regression. Students answered questions on the amount of time they spend in MVPA at 

school. Administrator reports were used to create physical-activity-related built environment and 

PPP scores for each school.  

Results: The school built environment score was positively associated with student MVPA (p < 

.001). This association was moderated by the PPP on MVPA such that the association existed in 

schools with low PPP scores but not in schools with moderate or high PPP scores.  

Conclusion: The findings suggest that the association between the built environment at school 

and student MVPA levels is moderated by school PPP on physical activity. These results set the 

stage for future intervention research addressing the role of the school built environment on 

students’ health. 

KEY WORDS: adolescent health; physical activity; school environment  
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3.2 Background 

Canada’s physical activity guidelines state that school-aged children and youth should 

accumulate at least 60 minutes of moderate-to-vigorous physical activity (MVPA) on a daily 

basis.
1
 Unfortunately, only 7% of Canadian children and youth meet those guidelines.

2
 This is 

concerning because a lack of physical activity may continue into adulthood
3
 and because 

physical activity in school aged-children and youth can help control body weight, blood pressure 

and other cardiovascular risk factors; increase bone mineral density; reduce symptoms of 

depression; and increase academic performance.
4,5

 

Most 5-17 year-olds spend about six hours a day on almost 200 days of the year at 

school.
6
 Students have opportunities to engage in physical activity at school before classes begin, 

during breaks (lunch and recess), and after classes end. During class time children can be active 

in physical education class and physical activity can occasionally be integrated into other parts of 

the curriculum.
7
 While the basic structure of the school day is similar at most schools, the 

physical activity levels of students vary from one school to the next.
8,9

 This variation could 

potentially be explained by differences in the built environments at school and/or the policies, 

programs, and practices (PPP) the schools have in place to promote physical activity.   

Research examining the associations between school built environments and PPP with 

student physical activity levels suggests that school built environments
10-14

 and physical activity 

PPP
15,16

 are associated with physical activity, but that these associations are weak to modest in 

strength and not consistent for all groups of students.  Consider, for instance, a study of 16,471 

students from Norway.
14

 In that study, grade 8-10 students who attended schools with all eight of 

the assessed built environment features were approximately 2.5 times more likely to engage in 

physical activity during recess on a daily basis compared to grade 8-10 students who attended 
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schools with none of the built environment features. Conversely, no association between the built 

environment and physical activity during recess was observed in grade 4-10 students.     

The inconsistency of the associations between the school built environment and student 

physical activity levels in different studies and across different groups of students suggests that a 

third variable may be moderating these associations.
17

 Although not yet addressed in the 

published literature, it is possible that the association between the school built environment and 

student physical activity levels is being moderated by the school PPP on physical activity. It is 

also possible that the association between the school PPP and student physical activity levels is 

moderated by the built environment.   

The objective of this study was to explore the interactive effects of the school built 

environment and school PPP on the physical activity levels of students during the school day. 

We had the opportunity to examine such relationships in a large and representative sample of 

Canadian youth in grades 6-10. The knowledge gained from this research could help guide the 

development of future strategies aimed at increasing physical activity within school-aged youth.     

3.3 Methods 

Participants 

This research involved analyses of cross-sectional data from the 2009/10 Canadian 

Health Behaviour in School-aged Children Survey (HBSC). The Canadian HBSC was conducted 

in collaboration with the World Health Organization and followed an established international 

protocol.
18

 HBSC participants consisted of students in grades 6-10 in publicly funded schools 

across Canada. Youth attending private, special needs, or home schools were ineligible, as were 

institutionalized, incarcerated, and homeless youth.
18

 The survey used a cluster sampling design, 

with classrooms reflecting the distributions of schools according to size, location, language, and 
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religion.
18

 The survey gathered information on 26,078 students from 436 schools. Seventy-seven 

percent of eligible students participated. 

Procedures 

The main component of the HBSC was a student questionnaire that collected information 

on students’ demographics, health behaviours, health determinants, and health outcomes. In 

addition, the school principal or designate completed an administrator questionnaire, which 

inquired about the characteristics of the school including the size and demographic distribution 

of the students, PPP and facilities. The administrator questionnaire was created by education 

researchers in Canada with expertise in school health. Information from the administrator survey 

was linked to information from the student participants.  

For the present study, we excluded 5,829 students from 120 schools because the 

administrator questionnaire was either not completed or was missing data for one or more of the 

relevant study variables. An additional 2,332 students were excluded because of missing physical 

activity or covariate information. Thus, the final sample consisted of 17,917 students from 316 

schools. Compared to the 8,161 students who were excluded, the final sample had a similar age 

(0.02 years younger), gender (1.3% less boys), and socioeconomic status. Figure 1 displays the 

reasons why HBSC students were excluded from this study. 
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Figure 1: Flow chart of the inclusion criteria for both students and schools. 

 

Instruments 

Physical Activity at School  

The outcome of interest was participation in MVPA at school. Students were asked: 

“About how many hours a week do you usually take part in physical activity that makes you out 

of breath or warmer than usual in your class time at school?” and “About how many hours a 

week do you usually take part in physical activity that makes you out of breath or warmer than 

usual in your free time (for example, lunch) at school?” There were nine response options for 

each question that ranged from “none at all” through “7 or more hours”. Responses from the two 

questions were combined to create a continuous score that ranged from 0-14 hours/week. A 

panel of physical activity experts in the international HBSC assembly developed these physical 

activity questions based on face validity with the intent that they be universally interpretable by 
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11-15 year-old students.
18

 A previous validation study on physical activity questions similar to 

the questions used in the HBSC reported that questionnaire responses were modestly correlated 

with objective measures of physical activity obtained by accelerometry (r=0.39),
19,20

 although it 

is important to recognize that questionnaires and accelerometers measure different aspects of 

physical activity (e.g., questionnaires measure time spent doing bouts of activity, including 

sedentary and light intensity activity, while accelerometers measure all movement at a defined 

intensity, including bouts and sporadic activity). 

School Built Environment  

The HBSC administrator survey asked if students had access to the following physical 

activity facilities on school grounds: (1) gymnasium, (2) other large room suitable for physical 

activity, (3) fitness room for aerobic or strength training, (4) running track, (5) outdoor field, (6) 

outdoor paved area, (7) skating rink/arena, or (8) indoor swimming pool. Positive responses were 

given a score of 1 and negative responses a score of 0. Scores from all 8 items were summed to 

create a built environment score ranging from 0-8. The use of a summary score was used because 

a previous Canadian HBSC study had found that no single specific facility was of particular 

importance, but that there was a linear relationship between the cumulative number of facilities 

and student physical activity levels.
21

   

School Policies, Programs, and Practices for Physical Activity  

The HBSC administrator survey included 6 questions about school PPP relevant for 

physical activity. Responses were used to create a summary school PPP score that ranged from 

0-6. Table 1 lists the questions that were used, their response options, and how the responses 

were combined to create the summary score. Low, medium and high tertiles were created based 
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on the summary score. Because a large proportion of schools had summary PPP scores in the 

middle of the range, the tertiles were not of equal size. 

Table 1: Physical activity policies, programs and practices questions from the administrator 

questionnaire. 

 

Policy or Program Question Response Options  

(points allocated for creation of 

summary score) 

Does your school have a committee that oversees policies and 

practices concerning physical activity and healthy eating at 

your school (e.g., health action team)? 

- Yes (1 points) 

- No (0 points) 

Does your school's improvement plan for the current school 

year contain any items related to physical activity and healthy 

eating? 

- Yes (1 point) 

- No (0 points) 

We promote physical activity during or as part of special 

events.                

 

- A lot (1 point) 

- Some  (1 point) 

- Very little (0 points)  

- Not at all (0 points)  

We integrate physical activity into other curriculum areas. - A lot (1 point) 

- Some  (1 point) 

- Very little (0 points)  

- Not at all (0 points) 

Which of the following 18 sports are offered in your varsity or 

intramural athletics programs: Basketball, Volleyball, Soccer, 

Football, Baseball/ Softball, Rugby, Ice Hockey, Lacrosse, 

Gymnastics, Wrestling, Track & Field, Badminton, 

Swimming, Skiing, Ultimate Frisbee, Other. 

 

A summary score was created by 

assigned each sport a value of 0 

(no) or 1 (yes), and summing all 

values. Schools were divided into 

“low” (0 points) and “high” (1 

point) groups based on the median 

summary score.  

Does your school offer late bus/transportation service to 

students who participate in extra-curricular activities?    

    

- Yes (1 point)         

- No (0 points) 

 

Potential Covariates  

Both student- and school-level confounders were considered. Student-level confounders 

included socioeconomic status, grade, and gender. Socioeconomic status is determined in the 
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HBSC using the three point (low, medium, high) Family Affluence Scale (FAS), which is 

comprised of four items: vehicle ownership by family, having a bedroom for yourself, family 

vacations during past year, and computer ownership.
22

 The FAS has good criterion validity and 

is less affected by non-response bias than other socioeconomic measures.
23

 School-level 

confounders included urban-rural school location and school size; previous research has shown 

that urban-rural location is associated with physical activity
24

 and school size is associated with 

student well-being.
25

 Based on the population of the municipality where the schools were 

located, the schools were classified as being in a rural area (0-999 people), small city (1,000-

29,999 people), medium city (30,000-99,999 people), or metropolitan area (≥100,000 people). 

Principals reported the number of students attending their school, and schools were divided into 

small, medium, and large populations using tertiles.  

Data Analysis 

Analyses were performed in SPSS version 20.
26

 Descriptive statistics, including 

frequencies, means, and standard deviations, were conducted. Relationships between study 

variables were examined using multi-level linear regression models to account for the clustered 

and hierarchical nature of the data. Backwards deletion was used to build a model for the main 

exposure variables (built environment score and policies, programs and practices score) that 

included only the relevant covariates. The model building started with all candidate covariates. If 

deletion of the variable caused less than a 10% change in the effect estimate for either of the 

main exposure variables, the potential covariate was not included in the model.
27

 This process 

was repeated with all potential covariates. A second model included the variables that were 

included in model 1 and an interaction term between the built environment score and the PPP 

score. Finally, two stratified analyses were performed. The first stratified analysis examined the 
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association between the built environment score and physical activity within low, medium, and 

high PPP score groups. The second stratified analysis examined the association between the built 

environment score and school PPP within low, medium and high built environment groups. In 

order to prevent multi-collinearity in the model, school built environment and PPP scores were 

centred.
28

  

3.4 Results  

The distribution of the student participants according to demographic characteristics is 

shown in Table 2. The sample was evenly split across the two genders and five grade groups. On 

average, students reported participating in 4.4 ± 3.5 hours/week of MVPA at school. All 

participating schools had at least one of the built environment features that were assessed, and 

55% had at least five of the eight features (Table 3). A small percentage (2%) of schools had 

none of the six physical activity PPP and 54% had at least three of the six shown in Table 3.   

Table 2. Distribution of the student sample according to student-level variables (N=17 917) 

 

 N % 

Gender 

     Male 

     Female 

 

8615  

9302  

 

48 

52 

Grade 

     ≤6      

     7 

     8 

     9      

     ≥10 

 

3513  

3388  

3632  

3793  

3591 

 

20 

19 

20 

21 

20 

Family Affluence Scale 

     Low 

     Moderate 

     High 

 

467 

9371 

8079 

 

3 

52 

45 

Physical Activity at School 

     Low (<2 hours/week)      

     Medium (2-5 hours/week) 

     High (≥6 hours/week) 

 

5075 

7046 

5796 

 

28 

39 

32 
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Table 3. Distribution of the school sample according to school-level variables (N=316) 

 

 N % 

Built Environment Feature (% yes) 

     Gymnasium 

 

304 

 

96 

     Other large room suitable for physical activity 191 60 

     Fitness room for aerobic or strength training  138 44 

     Running track 92 29 

     Outdoor field 263 83 

     Outdoor paved area 195 68 

     Skating rink/arena 36 11 

     Indoor swimming pool 18 6 

Built Environment Score 

0 (low) 

1 

2 

3 

4 

5 

6 

7 

8 (High) 

 

0 

1 

11 

40 

57 

64 

61 

47 

35  

 

0 

0 

4 

13 

18 

20 

19 

15 

11 

Physical Activity Policies, programs and practices 

(% yes) 

     Committee to increase physical activity 

     School improvement plan for physical activity 

     Promotes physical activity during special events 

     Integrates physical activity into curriculum  

     Offers more than 9 intramural and varsity sports 

     Offers late bus transportation 

Physical Activity Policies, programs and practices 

Score 

0 (low) 

1 

2 

3 

4 

5 

6 (High) 

 

170 

 

54 

167 

289 

53 

92 

214 

139 

68 

44 

37 12 

 

 

7 

24 

58 

82 

101 

38 

6 

 

 

2 

8 

18 

26 

32 

12 

2 

 

The association between the school built environment, school policies, programs and 

practices around physical activity, and student physical activity levels is shown in Table 4. As 
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shown in model 1, each one unit increase in the built environment score was associated with a 

.073 hour per week increase in MVPA performed at school (p < .001). Conversely, each one unit 

increase in the physical activity policies, programs and practices score was associated with a .080 

hour per week decrease in MVPA performed at school (p < .001).  

An interaction term between the built environment score and the PPP scores was added to 

model 2 (Table 4). There was a minimal change in the parameter estimates for the built 

environment score and PPP score from those observed in model 1, and the interaction term 

contributed significantly to the model  (p = .031). This indicated that the association between the 

built environment at school and student MVPA was moderated by the PPP on physical activity. 

 

Table 4. Multi-level regression analyses of the association between the built environment at 

school and school physical activity policies, programs, and practices with student physical 

activity levels at school 

 

 Model 1  Model 2 

 β SE P value   Β SE  P value   

Built Environment Score  .073 .017 <.001    .070 .017 <.001 

Policies, programs and 

practices Score 

-.080 .021 <.001  -.072 .021 .001 

School Size  

Large (ref.) 

Medium 

Small 

 

  

.307 

.376 

 

 

 

.061 

.072 

 

 

 

<.001 

<.001 

 

   

  

  .375 

  .375 

 

 

.072 

.061 

 

 

<.001 

<.001 

Built Environment Score X 

Policies, programs and 

practices Score 

N/A N/A N/A    -.027 .013 .031 

Note: β coefficient represent the change in the physical activity outcome (e.g., hours per week of 

moderate-to-vigorous activity at school) per each one unit change in the built environment score, 

one unit change in the policies, programs, and practices scores, or the schools with a medium or 

small population relative to the schools with a large population. 

 

  To help interpret this interaction, a stratified analysis was performed in which the 

association between the built environment and MVPA was examined separately within schools 
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with low, medium, and high PPP scores. As shown in the left panel of Figure 2, there was a 

significant positive association between the built environment score and student MVPA levels 

for schools with low PPP scores but not for schools with medium or high PPP scores. A second 

stratified analysis was performed in which the association between the school PPP score and 

MVPA was examined separately within students attending schools with low, medium, and high 

built environment scores. As shown in the right panel of Figure 2, there was a negative 

association between the school PPP score with student MVPA levels for schools with medium 

and high built environment scores but not for schools with low built environment scores. 

 Figure 1. Left Panel: The association between the school built environment score with student 

physical activity levels within schools with low, medium, and high physical activity PPP scores. 

Right Panel: The association between the school physical activity PPP score with student 

physical activity levels within schools with low, medium, and high built environment scores.  
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3.5 Discussion 

  The key finding of this study is that the school built environment was positively 

associated with students MVPA levels, but that this association was only significant and 

meaningful within the schools that had the fewest physical activity related PPP. This suggests 

that the relationship between the built environment and physical activity is complicated and 

varies according to the social environment.  

Our observation that students’ MVPA at school was associated with their school’s built 

environment is consistent with previous research that found moderate gradients in physical 

activity according to the number of school recreational features.
12-14,21

 The findings of our 

regression analyses suggest that the average weekly volume of MVPA performed by students 

attending schools with the most built environment features (8 features) is about 30 minutes/week 

higher than the volume of MVPA for students attending schools with only one built environment 

feature. Thirty minutes/week represents a modest amount of MVPA for an individual student; 

however, this volume of activity is quite meaningful at the population level as it would apply to 

all students attending such schools.  

Previous research on the association between school physical activity PPP with student 

physical activity levels has produced mixed results. A cross-sectional study of high schools in 

Norway observed that students were more active if they attended schools with a written policy 

for physical activity,
15

 whereas a randomized trial of 24 middle schools in the U.S. found that a 

two-year school-based policy and social media intervention had an influence on the physical 

activity level in boys but not in girls.
29

 Surprisingly, we observed a negative association between 

the school PPP score and student MVPA levels. We can only speculate as to why such as 

association existed. It may be that schools with a larger number of PPP do not implement them 
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properly and/or the quality of these programs was lower. It is also possible that schools with the 

lowest physical activity levels developed PPP to try and increase physical activity, which may 

have contributed to the counterintuitive cross-sectional association observed in our study. 

Another possible explanation is that the schools with the fewest PPP had more 15-29 minute 

curriculum breaks (data not shown), which would have allowed the students more time to access 

the built environment and accumulate MVPA in their free time.  

To our knowledge, this is the first study to simultaneously consider the influence of the 

school built environment and school PPP on MVPA. Consistent with previous research on 

smoking behaviours, we found that the association between the built environment and physical 

activity was moderated by PPP.
30

 Specifically, the strongest positive association was between the 

schools built environment and student MVPA levels in schools with few PPP.  

Limitations 

This study examined a large and representative sample of Canadian youth. The findings 

may also be generalizable to other northern industrialized countries with similar physical activity 

levels, educational systems, and social demographics. The current study is limited by its cross-

sectional design, and we cannot infer temporality around the observed associations. In addition, 

the MVPA outcome was self-reported; self-reported measures of MVPA are only modestly 

correlated with objective measures.
31

 This likely led to non-differential misclassification of the 

MVPA variable and biased our results towards the null.  

Conclusions 

The findings of this study suggest that the associated between the built environment at 

school and student physical activity levels is moderated by school PPP. These results set the 
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stage for future intervention research addressing the role of the school built environment on 

students’ health. 

IMPLICATIONS FOR SCHOOL HEALTH 

The key observation of this study is that students’ MVPA at school is dependent upon 

built environment at their school, but only for students who attend schools with a limited number 

of PPP aimed at addressing physical activity. This study suggests that making improvements to a 

school’s built environment may not be useful in all situations, particularly if the school has 

already developed several PPP around physical activity. These cross-sectional findings need to 

be confirmed with prospective and intervention research. 

Human Subjects Approval Statement  

The General Research Ethics Board of Queen’s University granted ethics approval for the 

study. Individual schools and their school boards, parents/guardians, and the student participants 

provided consent.  
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Chapter 4 

School social capital does not moderate the association between the built 

environment at school and physical activity 

4.1 Abstract 

Background: The built and social environments at schools are related to students’ moderate-to-

vigorous physical activity (MVPA) levels. The objective of this study was to explore the 

interactive effects of the school built environment and school social capital on the MVPA of 

students while at school.  

Methods: Data from 18,875 grade 6-10 students from 331 schools who participated in the 

2009/10 Canadian Health Behaviour in School-aged Children survey were analyzed using multi-

level regression. Students answered questions on the amount of time they spend in MVPA at 

school and on their school’s social capital. Administrator reports were used to create a physical- 

activity-related built environment score. 

Results: The school built environment score was positively associated with student MVPA at 

school (β = 0.040, p < .005). The association between the school social capital and MVPA was 

also positive (β = 0.074, p < .001). No significant interaction was found between the built 

environment and school social capital. 

Conclusion: The findings suggest that school social capital may be a more important factor in 

increasing students MVPA than the built environment. The results of this study provide useful 

information for future intervention research on school social capital on student physical activity.  

 

KEY WORDS: adolescent health; physical activity; school environment; social capital  
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4.2 Introduction  

Surveillance data from 105 countries indicate that 80% of 13-15 year-olds do not meet 

the public health guideline of 60 minutes of moderate-to-vigorous physical activity (MVPA) per 

day.
1
 Increasing the rates of MVPA amongst young people is important because MVPA in this 

age group is linked to a decrease in chronic disease risk factors such as obesity, the metabolic 

syndrome, and high blood pressure.
2
 Furthermore, MVPA improves academic performance, 

increases self-esteem, and decreases the likelihood of experiencing mental health problems.
3,4

   

Schools are an important setting for MVPA because youth spend large amounts of time 

there and because school-based physical activity opportunities are accessible to all students.
5
 

There are numerous opportunities for MVPA at school; including physical education classes and 

several non-curricular options (e.g., active play at recess, intramural sports, and varsity sports). 

While the course load is similar at most schools, the MVPA levels of students vary from school 

to school.
5
 This difference could potentially be explained by differences in the built 

environments at school and/or the level of school social capital.   

There are several features of the school built environment that are relevant for MVPA 

such as gymnasiums, sports fields, and fitness rooms. Previous research has shown that the 

school built environment is associated with student MVPA levels, although such associations are 

modest in strength and not consistent in all population groups.
6-8

 For instance, a cross-sectional 

study of 7,638 grade 6-10 students found that girls attending high schools with 5 or 6 physical-

activity-related built environment features were 62% more likely to participate in MVPA than 

girls attending schools with one or no features; this difference was only 10% in boys.
9
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In its most basic terms social capital refers to the social connections that we have.
10

 It has 

been hypothesized that social capital impacts physical activity participation through enhanced 

communication.
11

 For instance, if a school has enhanced communication it could be easier for 

students to find out about the available physical activity opportunities. A number of studies have 

shown a positive, albeit weak, association between social capital and physical activity.
11-14

 For 

example, a cross-sectional study of 680 American adolescents reported that adolescents living in 

neighbourhoods with a high social cohesion were only half as likely to be inactive as adolescents 

living in neighbourhoods with a low social cohesion.
11

  

Previous research based on the neighbourhood environment suggests that social capital 

may moderate the influence of the built environment on physical activity. Specifically, a study of 

12-13 year-olds from the Netherlands found that each one standard deviation increase in a 

neighbourhood social capital score was associated with a 50% increased odds of leisure-time 

sports participation within neighbourhoods with lots of park space; this association was not 

observed in neighbourhoods with a limited amount of park space.
12

 To our knowledge, previous 

research has not simultaneously considered the associations of the built environment and social 

capital at school with student physical activity levels. 

The objective of this study was to examine the interactive associations between the 

school built environment and school social capital with the MVPA levels of students during the 

school day. These findings could help direct intervention efforts. We had the opportunity to 

examine such relationships in a large and representative sample of Canadian youth in grades 6-

10.  
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4.3 Methods 

Participants 

This research involved analyses of cross-sectional data from the 2009/10 Canadian 

Health Behaviour in School-aged Children Survey (HBSC). The Canadian HBSC was conducted 

in collaboration with the World Health Organization and followed an established international 

protocol.
15

 HBSC participants consisted of students in grades 6-10 in publicly funded schools 

across Canada. Youth attending private, special needs, and home schools were ineligible, as were 

institutionalized, incarcerated, and homeless youth.
15

 The survey used a cluster sampling design, 

with classrooms reflecting the distributions of schools according to size, location, language, and 

religion.
15

 The survey gathered information on 26,078 students from 436 schools. The General 

Research Ethics Board of Queen’s University granted ethics approval for the study. Individual 

schools and their school boards, parents and guardians, and the student participants all provided 

consent. Seventy-seven percent of eligible students participated. 

Procedures 

The main component of the HBSC was a student questionnaire that collected information 

on students’ demographics, health behaviours, health determinants, and health outcomes. In 

addition, the school principal or designate completed an administrator questionnaire that inquired 

about the school’s characteristics, including the size and demographic distribution of the 

students, policies, programs, and availability of facilities. Information from the administrator 

survey was linked to the individual–level information from the student participants.  

For the present study, we excluded 4,737 students from 105 schools because the 

administrator questionnaire was either not completed or was missing data for one or more of the 

relevant study variables. An additional 2,466 students were excluded because of missing physical 
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activity or covariate information. Thus, the final sample consisted of 18,875 students from 331 

schools. Compared to the 7,203 students who were excluded, the final sample was similar in age 

(0.02 years younger), gender distribution (49.4% vs. 48.0 % male), and socioeconomic status. 

Figure 1 displays the loss of participants due to missing study variables. 

Figure 1: Flow chart of the inclusion criteria for both students and schools. 

 

Instruments 

Physical Activity at School  

The outcome of interest was participation in MVPA at school. The student questionnaire 

asked: “About how many hours a week do you usually take part in physical activity that makes 

you out of breath or warmer than usual in your class time at school?” and “About how many 
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hours a week do you usually take part in physical activity that makes you out of breath or 

warmer than usual in your free time (for example, lunch) at school?” There were nine response 

options for each question that ranged from “none at all” through “7 or more hours.” Responses 

from the two questions were combined to create a continuous score that ranged from 0-14 

hours/week. A panel of physical activity experts in the international HBSC assembly developed 

these physical activity questions based on face validity with the intent that they be universally 

interpretable by 11-15 year-olds.
15

 A previous validation study on a physical activity 

questionnaire similar to the one used in the HBSC reported that questionnaire responses were 

modestly correlated with objective measures of physical activity obtained by accelerometry 

(r=0.39),
16,17

 although it is important to recognize that questionnaires and accelerometers 

measure different aspects of physical activity (e.g., questionnaires measure time spent doing 

bouts of activity, including sedentary and light intensity activity, while accelerometers measure 

all movement at a defined intensity, including bouts and sporadic activity). 

School Built Environment  

The HBSC administrator survey asked if students had access to the following physical 

activity facilities on school grounds: (1) gymnasium, (2) other large room suitable for physical 

activity, (3) fitness room for aerobic or strength training, (4) running track, (5) outdoor field, (6) 

outdoor paved area, (7) skating rink/arena, and (8) indoor swimming pool. Positive responses 

were given a score of 1 and negative responses a score of 0. Scores from all 8 items were 

summed to create a built environment score ranging from 0-8. The use of a summary score was 

used because a previous Canadian HBSC study had found that no single specific facility was of 

particular importance, but that there was a linear relationship between the cumulative number of 

facilities and student physical activity levels.
9
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School Social Capital   

The HBSC student survey asked students to rate their level of agreement (strongly agree, 

agree, neither agree nor disagree, disagree, strongly disagree) to the following 4 statements: 

“Our school is a nice place to be”, “I feel a lot of trust in my teachers”, “Our teachers treat us 

fairly”, and “I feel I belong at this school”. Responses to individual statements were scored from 

0 (strongly disagree) to 4 (strongly agree). Students were also asked “How do you feel about 

school at present?” and responses to this question were scored from 0 (I don’t like it at all) to 3 

(I like it a lot). The responses for all 5 questions were summed to create a 0-19 point score, with 

higher values reflecting higher degrees of school social capital.  

The statements “I feel I belong at this school”
18

 and “I feel a lot of trust in my 

teachers”
19

 is also based on previous social capital research. The questions “Our school is a nice 

place to be” and “Our teachers treat us fairly” have been used to assess school climate in 

previous HBSC studies.
20

 The question “How do you feel about school at present?” has been 

used as an indicator of a student’s perception of school.
21

 A factor analysis revealed that these 

questions represent one factor, which we have called school social capital.
22

  The Cronbach’s 

alpha for this factor-derived scale is .81.
22

 All questions had a factor loading ranging from .64 to 

.83 except the question “How do you feel about school at present?”, which had a factor loading 

of .57. A school-level social capital score was subsequently derived for each school by 

calculating the mean of the factor scores from all of the participating students from that school.  

Potential Covariates 

Both student- and school-level confounders were considered. Student-level confounders 

included socioeconomic status, grade, and gender. Socioeconomic status is determined in the 

HBSC using the three point (low, moderate, high) Family Affluence Scale (FAS), which is 
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comprised of four items: vehicle ownership by family, having a bedroom for yourself, family 

vacations during past year, and computer ownership.
23

 The FAS has good criterion validity and 

is less affected by non-response bias than other socioeconomic measures.
24

 School-level 

confounders included urban-rural school location and school size; previous research has shown 

that urban-rural location is associated with physical activity
25

 and school size is associated with 

student well-being.
26

 Based on the population of the municipality where the schools were 

located, they were classified as being in a rural area (0–999 people), small city (1,000-29,999 

people), medium city (30,000-99,999 people), or metropolitan area (≥100,000 people). Principals 

reported the number of students attending their school, and schools were divided small, medium, 

and large populations using tertiles.  

Statistical Analysis 

Analyses were performed in SPSS version 20.
27

 Descriptive statistics including 

frequencies, means, and standard deviations, were conducted. The bivariate relationship between 

school built environment and school social capital was determined using a Pearson correlation. 

Relationships between the exposure variables and the MVPA outcome were examined using 

multi-level linear regression models that accounted for the clustered and hierarchical nature of 

the data. The method of estimation was a restricted maximum likelihood procedure. In order to 

prevent multi-collinearity in the model, school built environment and school social capital scores 

were centered.
28

 Backwards deletion was used to build a model for the main exposure variables 

(built environment score and school social capital score) that only included the relevant 

covariates. The model building started with all candidate covariates. If deletion of the covariate 

caused less than a 10 percent change in the effect estimate for either of the main exposure 

variables, the potential covariate was not included in the model.
29

 This process was repeated with 
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all potential covariates. A second model included the variables that were included in model 1 and 

an interaction term between the school built environment score and the school social capital 

score. Next, two stratified analyses were performed. The first stratified analysis examined the 

association between the built environment score and physical activity within low, medium, and 

high school social capital groups. The second stratified analysis examined the association 

between the school social capital score and physical activity within low, moderate and high built 

environment groups. Low, moderate/medium and high tertiles were created for these stratified 

analyses. Finally, the combined influence of the built environment and school social capital on 

MVPA was performed by creating 4 groups: low built environment/low social capital, low built 

environment/high social capital, high built environment/low school social capital, and high built 

environment/high social capital. For these groups, low and high were defined based on the 

median scores. To determine if there was a difference between these 4 groups, a one way 

ANOVA with a Bonferroni post-hoc was conducted.  

4.4 Results 

The distribution of the student participants according to demographic characteristics are 

shown in Table 1. The sample was fairly evenly split across the two genders and five grade 

groups. On average, students reported participating in 4.4 ± 3.5 hours/week of MVPA at school. 

All participating schools had at least one of the built environment features that were assessed, 

and 62% had at least four of the eight features (Table 2). The average school social capital score 

was 12.6 ± 1.3, with a minimum score of 7.5 and a maximum score of 17.0 (Table 2).   
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Table 1. Distribution of the student sample according to individual-level variables (N=18,875) 

 

 N % 

Gender 

     Male 

     Female 

 

9051  

9824  

 

48 

52 

Grade 

     ≤6      

     7 

     8 

     9      

     ≥10 

 

3697  

3576  

3854  

3960  

3788 

 

20 

19 

20 

21 

20 

Family Affluence 

     Low 

     Moderate 

     High 

 

494 

5889 

12492 

 

3 

36 

61 

Physical Activity at School 

     Low (<2 hours/week)      

     Medium (2-5 hours/week) 

     High (≥6 hours/week) 

 

5329 

6076 

7470 

 

28 

32 

40 
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Table 2. Distribution of the schools according to school-level variables (N=331) 

 

 N % 

School Built Environment Features Present  

     Gymnasium 

 

321 

 

96 

     Other large room suitable for physical activity 202 60 

     Fitness room for aerobic or strength training  146 44 

     Running track 99 30 

     Outdoor field 280 84 

     Outdoor paved area 206 62 

     Skating rink/arena 39 12 

     Indoor swimming pool 19 6 

School Built Environment Score 
    0 (low) 

    1 

    2 

    3 

    4 

    5 

    6 

    7 

    8 (High) 

 

0 

2 

11 

42 

62 

68 

65 

50 

35  

 

0 

0.6 

3.3 

12.5 

18.5 

20.3 

19.4 

14.9 

10.4 

School Social Capital Score       
    Low (≤11.93) 

    Moderate (11.94 – 13.11) 

    High (≥13.12) 

 

6388 

 

34 

6520 

5967 

35 

31 

 

The school built environment and school social capital scores were weakly, negatively 

correlated with each other (r = -.19, p < .001). The association between the school built 

environment, school social capital, and student physical activity levels is shown in Table 3. As 

shown in model 1, after controlling for relevant covariates, each one unit increase in the built 

environment score was associated with a .040 hour per week increase in MVPA performed at 

school (p = .005) and each one unit increase in the school social capital score was associated 

with a .074 hour per week increase in MVPA performed at school (p = .001).  

An interaction term between the built environment score and the school social capital 

scores was added to model 2 (Table 3). There was a minimal change in the parameter estimates 
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for the built environment score and the school social capital score versus those observed in 

model 1. The interaction term did not contribute significantly to the model (p = 0.192). This 

suggested that the association between the schools built environment and student MVPA was not 

moderated by the school social capital.  

Table 3. Multi-level regression analyses of the association between the school built environment, 

school social capital, and moderate-to-vigorous physical activity at school 

 

 Model 1  Model 2 

 

 β SE P value 

  

     β SE  P value   

Built Environment Score   .040 .015 .005   .044 .015 .003 

 

School Social Capital Score 

  

 .074 

 

.021 

 

.001 

   

.077 

 

.022 

 

001 

 

School Size  

Large (ref.) 

Medium 

Small 

 

Grade  

 

Built Environment Score X 

School Social Capital Score 

 

  

 

 .190 

 .344 

 

-.018 

 

N/A 

 

 

 

.063 

.071 

 

.020 

 

N/A 

 

 

   

.003 

<.001 

 

.395 

 

N/A  

   

  

    

   .190 

   .346 

   

  -.020 

 

   .015 

 

 

 

.063 

.071 

 

.021 

 

.011 

 

 

 

.002 

<.001 

 

.356 

 

.192 

Note: β coefficient represent the change in hours per week of moderate-to-vigorous physical 

activity at school per each one unit change in the built environment score, one unit change in the 

school social capital scores, one grade level change, or the schools with a medium or small 

population relative to the schools with a large population. 

 

To further investigate interaction, a stratified analysis was performed in which the 

association between the built environment and MVPA was examined separately within schools 

with low, medium, and high school social capital scores. As shown in the left panel of Figure 2, 

there was a positive association between the built environment score and student MVPA levels 

for schools with low (β = .038, p = .085) , medium (β =.045, p = .086) and high (β = .047, p = 

.121) school social capital scores, although these did not reach statistical significance. A second 

stratified analysis was performed in which the association between school social capital and 
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MVPA was examined within schools with low, moderate, and high built environment scores. As 

shown in the right panel of Figure 2, there was no association (β = -.005, p = .924) between the 

school social capital score with student MVPA levels for schools with low built environment 

scores. Conversely, there was a positive association between the school social capital score with 

student MVPA levels for schools with moderate (β =.073, p = .031) and high (β =.090, p = .007) 

built environment scores.  

Figure 2. Left Panel: The association between the school built environment score with student 

MVPA levels within schools with low, medium, and high school social capital scores. Data are 

plotted to represent a grade 8 student from a medium sized school. Right Panel: The association 

between the school social capital score with student MVPA levels within schools with low, 

moderate, and high built environment scores. Data are plotted to represent a grade 8 student from 

a medium sized school. 

 

Figure 3 shows the average MVPA for schools with low built environment/low social 

capital scores (4.17 hours/week), low built environment/high social capital scores (4.57 
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hours/week), high built environment/low social capital scores (4.34 hours/week), and high built 

environment/high social capital scores (4.58 hours/week). MVPA was significantly (p < .05) 

different across the four groups with two exceptions: the low built environment/high social 

capital group was not different from the high built environment/high social capital group, and the 

low built environment/low school social capital group was not different from the high built 

environment/low social capital group.  

Figure 3. MVPA levels for students based on low and high built environment and school social 

capital scores. The letters on the bars indicate significant group differences; groups with the 

same letter are significantly (p < 0.05) different from each other. For example, the letter “a” 

indicates that the low built environment/low social capital group is different than the low built 

environment/high social capital group.  
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4.5 Discussion  

The school built environment and school social capital were both positively associated 

with students’ MVPA levels at school. The relationship between the built environment and 

MVPA was not moderated by school social capital.   

Our observation that students’ MVPA at school was associated with the built 

environment at their school is consistent with previous research which has found a positive 

association with the number of school facilities and student MVPA.
8-9,30

 The findings of our 

regression analyses suggest that the difference in built environments equate to about 20 minutes 

per week of MVPA for students attending schools with the lowest number of built environment 

features (N=1) versus students attending schools with the highest number of built environment 

features (N=8). Twenty minutes/week represents a modest amount of MVPA for an individual 

student; however, if this volume of activity is applied to all students attending schools with few 

built environment features, the volume is quite meaningful.  

The results from this study support a growing body of literature that has linked social 

capital and physical activity of children and youth.
12,14,31

 Our study extends this earlier finding as 

we examined a large and representative group of youth and studied the social capital of schools. 

The findings of our regression analyses suggest that the average weekly volume of MVPA 

performed by students attending schools with the highest school social capital score is about 40 

minutes/week higher than the weekly volume of MVPA for students attending schools with the 

lowest school social capital score. Forty minutes/week represents a large amount of MVPA when 

applied to a large group of students. The findings of our analyses also suggest that school social 

capital is more strongly associated with MVPA at school than is the built environment. This 

could possibly be explained by the notion that areas with higher school social capital are 
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friendlier and are more willing to let all students play in games rather than excluding students 

based on sex
32

 or age.
33

 It is also possible that students in high social capital areas have better 

communication amongst one another and this may increase the awareness of opportunities to be 

active.
11

  

To our knowledge, this is the first study to simultaneously consider the influence of the 

school built environment and school social capital on MVPA. Our result is consistent with some 

previous research on leisure time physical activity outside of school, as we found that the 

association between the built environment and physical activity was not moderated by school 

social capital.
12

 Conversely, the right panel of figure 2 shows that school social capital is related 

to physical activity in schools with moderate and high built environment scores but not in 

schools with low built environment scores. This suggests that a high school social capital may 

not support physical activity in the absence of a decent built environment.   

A notable strength of this study was the large and representative sample of Canadian 

youth. The results of this study may also be generalizable to other northern industrialized 

countries with similar physical activity levels, school systems, and social demographics. A key 

limitation of this study is its cross-sectional design. With this design type, we cannot infer 

temporality of the observed association. Another important limitation is that the MVPA measure 

was reported by students and this self-reported measure is only modestly correlated with 

objective measures.
34

 This likely lead to a non-differential misclassification and associations that 

were biased towards the null.
35

  

Conclusions 

In summary, the findings of this study suggest that the association between the school 

built environment and MVPA is not moderated by school social capital. This study also suggests 
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that school social capital has a stronger influence on school time MVPA than does the school 

built environment. These results could help inform school-based interventions aimed at 

increasing student physical activity levels. 
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Chapter 5 

General Discussion 

5.1 Summary of Key Findings 

The purpose of this thesis was to determine if the school built environment physical 

activity relationship was moderated by the school social environment within grades 6-10 

Canadian youth. In the first manuscript, it was observed that students’ MVPA at school was 

positively associated with the built environment at their school and, surprisingly, negatively 

associated with the PPP at the school. Furthermore, school PPP moderated the association 

between the built environment and physical activity such that the association was the strongest in 

schools with the fewest PPP. These findings suggest that the built environment and PPP must be 

looked at collectively in order to determine the best way to increase students’ school time 

physical activity. 

 Results from the second manuscript showed that students’ MVPA at school was 

associated with the built environment and social capital of their school. However, social capital 

did not moderate the relationship between the built environment and students’ MVPA. 

Moreover, social capital was more strongly associated with students’ MVPA than was the built 

environment. 

5.2 Limitations 

 Both manuscripts were subject to some common limitations. A key limitation is that both 

manuscripts used a cross-sectional study design. Thus, the temporal nature of the observed 

relationships is unknown. However, a temporal relationship is not the only criterion that 

determines whether a relationship is causal. Epidemiologist Sir Austin Bradford Hill 
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recommended that several criteria be used to determine if a relationship is causal.
1
 Some of these 

other criteria include consistency, specificity, plausibility, and evidence of a dose response-

relationship. This thesis adds consistency to the literature as the results of this study on the 

association between the built environment at school and students’ physical activity are similar to 

other studies performed in different locations, with different students, and with different study 

designs. This study also adds specificity as this study found a positive association between the 

built environment and physical activity in a very specific group of adolescents (11-15 years-olds) 

in the school environment while controlling for confounding variables. The findings are also 

plausible as it makes sense that if a school has more facilities for physical activity students are 

more likely to be physically active. Finally, a dose-response relationship was observed as the 

higher the built environment score, the higher the MVPA levels of students.  

The analyses were limited to some degree by methodological challenges. In order to be 

included in the analyses, students and principals had to complete the questions that were used to 

derive the exposure variables, the physical activity outcomes, and the covariates. Approximately 

30% of the original HBSC sample was excluded for not completing these questions. The loss of 

these participants likely did not influence the generalizability of the findings as the 30% who 

were excluded were comparable in age, gender, and SES to the 70% who were included. 

However, this loss of participants may have influenced the statistical power to detect subtle 

associations. In both manuscripts, a stratified analyses based on 1/3 of the sample was 

performed. These subgroup analyses may have been underpowered. For example, in the 

manuscript titled “School social capital does not moderate the association between the built 

environment at school and physical activity,” a positive relationship between built environment 

and physical activity is seen in the entire sample, but when that analysis was stratified to 
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participants from schools with low, medium and high social capital scores, the associations 

remained positive and of a similar order of magnitude, but none of these associations reached 

statistical significance. This suggests that the stratified analysis was underpowered.  

No standard method exists for assessment of school PPP and of school social capital. 

Therefore, it is unclear what the most accurate and best way is to capture these variables. The 

lack of standard measurement protocol may bring the validity and reliability of the exposure 

measures into question. In regards to school PPP, since the administrators complete the survey 

and because they should have a strong knowledge of the school, the reliability should be 

acceptable. However, the validity of school PPP questions may have been weaker as the 

questions are very general and could be interpreted in different ways by different people. This 

may cause schools to score higher than they should, resulting in an over-estimation of the true 

result. In regards to the school social capital variable, since school social capital is a 

measurement of an individuals’ perceptions, it can be considered valid, and studies on other parts 

of the HBSC have shown strong reliability of the social capital measure in this age group.
2
  

Finally, the outcome measures and individual-level covariates for the two manuscripts 

were based on student self-reported survey data. Evidence suggests that physical activity is over-

reported due to its social desirability.
3
 If misreporting of these behaviours was non-differential, 

the relationships observed would have been underestimates, suggesting that the built 

environment may exert a greater impact on health behaviours than what was found in this 

research. 

5.3 Strengths of the Thesis 

 To my knowledge, manuscript one is the first study to explore the interactive effects of 

the built environment and school PPP on school time physical activity, and manuscript two is the 
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first study to explore the interactive effects of the built environment and school social capital on 

school time physical activity. Thus, the results from this thesis provide novel findings. 

The large and diverse sample size of youth that were studied makes the results of the 

thesis generalizable to Canadian students in grades 6-10. The large sample size allowed detection 

of reasonably small effects.  

The use of multi-level modeling in the statistical analyses was an additional strength of 

this study, as it has a number of advantages. The HBSC survey uses a clustered sampling frame 

to select participants and students within schools who are more similar compared to students 

attending different schools. Unlike traditional regression approaches, this multi-level modeling 

approach does not ignore the assumption of independence for clustered samples.
4
 Multi-level 

modeling also allowed for the simultaneous consideration of individual- and area-level exposures 

and covariates.  

5.4 Future Research Directions 

 Future research is required to build upon the findings of this thesis. Temporality of the 

relationships between the school built environment, the school social environment, and students’ 

physical activity should be explored using a prospective cohort. Other studies are also needed to 

discover if other aspects of the social environment moderate the relationship between the built 

environment and physical activity.  

For all studies pertaining to the built environment, more standardized research methods 

would be beneficial as some studies use student-level scores and others use administrator-level 

scores to create a built environment score.
5,6

 The same problem is relevant with the moderator 

variables as no consistent method has been developed to test school PPP and school social 

capital. In order to develop a consistent measure for these variables, expert researchers in each 
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specific field would need to join together, review the literature, and collectively decide the most 

valid and reliable way to measure these variables. However, this would be very difficult as 

researchers may not agree on the best methods.  

Finally, this thesis showed that school social capital had a stronger effect than the built 

environment on physical activity. However, this was not a direct comparison of this thesis and 

warrants future research. A direct comparison of the two would be beneficial as it would provide 

school officials with information on what would be the most effective way to increase school 

time physical activity. 

5.5 Public Health and Education Policy Implications 

The 2013 Active Healthy Kids Canada Report Card on Physical Activity for Children and 

Youth graded School Infrastructure and Equipment a B+. This means that 61%–80% of schools 

provide students with regular access to facilities and equipment that support physical activity 

(e.g., gymnasiums, outdoor playgrounds, sporting fields, multipurpose-rooms).
7
 The grade of B+ 

is relatively high in comparison to other grades on the report card.  

While the School Infrastructure and Equipment grade is quite good, Canada scored a C in 

physical education and physical activity participation at school, and therefore there is a 

disconnect between the built environment and participation grades. These different grades show 

that even if the built environment is accessible, students may not be using it. This thesis looked 

at this gap by trying to identify if a particular social environment was needed to increase 

students’ MVPA in different built environments. Although the relationships observed in this 

thesis between features of the built environment, social environment, and physical activity are 

modest, potential implications are important given the vast number of children and adolescents 

who attend school and the amount of time students spend in the school environment. 



80 

 

The results from the first manuscript revealed that the built environment was moderated 

by school PPP. Based on these results, the best place to increase school built environment 

features would be in a school with low PPP. This information could help school board officials 

and school administrators as this research gives guidelines regarding where PPP intervention 

would be most successful in impacting students’ MVPA in regards to the built environment.  

The results from the second manuscript revealed that the built environment was not 

moderated by school social capital. However, this study showed that school social capital may be 

more important in increasing student physical activity as compared to the school built 

environment. Based on this finding, interventions should focus on ways to increase social capital 

as compared to enhancing the built environment. This knowledge is critical for school boards and 

school administrators as built environment interventions might be very costly. Unfortunately, 

school social capital interventions may be complicated to implement as some authors argue that 

social capital is based on history and cannot be enhanced in the short term
8
, however, other 

theorists disagree. For example, the school system is a prime place to develop a child’s 

knowledge about social capital. Educators can build social capital by creating lessons about 

events that involve social capital.
9
 If children are taught these types of lessons, it may inspire 

them to make changes in their own school. Another way to build social capital is by using a 

stepwise process.
9
 First, awareness of the essential role both students and teachers play in 

creating a supportive and fun environment must be created. Second is the creation of 

opportunities for students and teachers to become engaged in the school environment. Finally, 

students and teachers need to be trained on how to make the most of these opportunities so they 

feel they are being successful.
9
  A practical example of a program like this is “peer helpers”. 

“Peer helpers” is a program that includes training where students help other students with 
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guidance given by more experienced peers or teachers. Programs like this may help improve 

school social capital. Increasing social capital might be a cheaper option and it might also help 

improve other aspects of the school environment. 

5.6 Conclusion 

 In conclusion, this study provided insight into how the social environment affects the 

relationship between the built environment and physical activity at school. School PPP 

significantly moderated the association between the school built environment and physical 

activity, but school social capital did not. In order to fully understand this relationship, more 

research is needed. By understanding the conditions that moderate the built environment physical 

activity relationship, we can create a foundation to base new school policy to effectively improve 

the health behaviours of Canadian youth 
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Appendix B 

 Health Behaviour and School-aged Children (HBSC) Study Design 
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Background 

 

 The Health Behaviour in School-aged Children (HBSC) is a cross-sectional survey that 

was completed in 43 countries across Europe and North America in its last cycle in 2009/10. 
1
 

The survey began in 1982 when researchers from 3 countries agreed to implement a shared 

research protocol to survey school children. Currently the HBSC survey is conducted under the 

World Health Organization. The HBSC collects data every four years on 11, 13 and 15 year-old 

boys and girls. This age range was chosen as it is a time that can influence health related 

behaviours. The survey gathers information on a wide range of health behaviours including: 

body image, bullying, eating behaviours, injuries, physical activity, school environment and 

other topics.
2
 Canada’s first survey was conducted in 1989/90 and the most recent cycle was 

2009/2010. In Canada, the HBSC student survey is accompanied with an administrator survey 

that is filled out by the principal or designate. This thesis uses a combination of both the student 

and administrator survey.  

Student Survey  

For all surveys a standard international protocol is used that provides a theoretical 

framework for research topics, student sampling, and data collection to ensure that each 

countries survey covers similar areas so meaningful comparisons can be made.
2
 Each survey 

consists of three levels of questions which create the survey instrument. Each survey has core 

questions that each country must have, optional question on specific topic areas which countries 

can chose from and country-specific questions related to issues of national importance.
2
 Once the 

survey is created a cluster sampling design is used to select participants. As per international 

protocol, the Canadian sample uses a cluster sampling design from provinces and the territories 

(Prince Edward Island and New Brunswick chose not to participate in the 2009/10 survey). The 
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total Canadian sample included 26,078 students, with an overall response rate of approximately 

75%. Canadian surveys systematically sampled from a list of grade 6 through 10 classes that 

were grouped according to the regional geography, urban-rural geography, school board type 

(e.g., public or separate), and language of instruction. This list excluded youth in private or 

special need schools as well as street and incarcerated youth. The survey is a classroom based 

survey and is designed to take about 45 minutes to complete. Permission was obtained from 

participating school boards, individual schools, parents/guardians (active or passive consent, 

depending on jurisdictional requirements and preferences), and students. The study was 

approved by the Queen’s University General Research Ethics Board and the Health Canada 

research ethics board. 

Administrator Survey 

This survey is Canadian specific. It was eight pages long and collected basic information 

on the school and its student population, and other areas that were deemed important including: 

physical activity, school facilities, healthy eating, the school (social) climate, and neighbourhood 

factors. The administrator survey was done in 411 of the 436 schools (90% response rate) and is 

linked to the student level survey.  
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Appendix C 

Health Behaviour in School-aged Children (HBSC)                                 

Relevant Student Questionnaire Items 2010/2011 
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Are you male or female? 

  1 Male 

  2 Female 

 

What month were you born?   

 1 2 3 4 5 6 7 8 9 10 11 12 

 Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

 

What year were you born?      

 1 2 3 4 5 6 7 8   

 1991 1992 1993 1994 1995 1996 1997 1998   

 

What grade are you in?   

 

1 2 3 4 

Grade 8 Grade 9 Grade 10 Grade 11 

 

 

Do you have your own bedroom for yourself? 

 1 No 2   Yes  

 

Does your family own a car, van or truck? 

 1 No 2 Yes, one 3 Yes, two or more 

 

During the past 12 months, how many times did you travel away on holiday (vacation) with 

your family?  

 1 Not at all 
2 Once 

 
3 Twice 

 4 More than twice  

 

How many computers does your family own?  

 1 None  
2 One 

 
3 Two 

 4 More than two  
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Both manuscripts - Questions used for outcome variable  
 

Physical activity is any activity that increases your heart rate and makes you get out of breath some of the 

time.  Physical activity can be done in sports, school activities, playing with friends, or walking to school.  

Some examples of physical activity are running, brisk walking, inline skating, biking, dancing, skateboarding, 

swimming, soccer, basketball, and football. 

For these next two questions, add up all the time you spend in physical activity each day. 

 
 

 

About how many hours a week do you usually take part in physical activity that makes you out of 

breath or warmer than usual in your class time at school? 

 1 2 3 4 5 6 7 8 9 

 none at 

all 

about ½ 

hour 

about 1 

hour 

about 2 

hours 

about 3 

hours 

about 4 

hours 

about 5 

hours 

about 6 

hours 

about 7 

or more 

hours 

 

About how many hours a week do you usually take part in physical activity that makes you out of 

breath or warmer than usual in your free time (for example, lunch) at school? 

 1 2 3 4 5 6 7 8 9 

 none at 

all 

about ½ 

hour 

about 1 

hour 

about 2 

hours 

about 3 

hours 

about 4 

hours 

about 5 

hours 

about 6 

hours 

about 7 

or more 

hours 

Manuscript 2 – Questions used for social capital variable  
 

How do you feel about school at present?  

 1 I like it a lot. 
2 I like it a bit. 

 
3 I don’t like it very much. 
4 I don’t like it at all. 
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 Please show how much you agree or disagree with each statement. (Please mark one box for each line) 

 
Strongly 

agree 
Agree 

Neither 
agree nor 
disagree 

Disagree 
Strongly 
disagree 

 

 

 I feel a lot of trust in my teachers. 1 2 3 4 5 
 

 Our school is a nice place to be. 1 2 3 4 5 

 I feel I belong at this school. 1 2 3 4 5 

 Our teachers treat us fairly. 1 2 3 4 5 
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Appendix D 

Health Behaviour in School-aged Children (HBSC)                                 

Relevant Administrator Questionnaire Items 2010/2011 
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Both manuscripts - Questions used for covariate information  
 

What is the total number of students in your school? (Please estimate)  _____ students 

 

Both manuscripts - Questions used for school built environment (exposure) variable  
 

Do the majority of students at your school have regular access to any of the following during school hours?  

(During school hours means from the first bell to the last bell, including both instructional and non-instructional 

time, e.g., lunch). 

 

 
Yes, on 
grounds 

only 

Yes, off 
grounds 

only 

Yes, 
both on 
and off 
grounds  

No 
Don’t 
know 

 Gymnasium 
1 2 3 4 5 

       Other large room suitable for physical 
  activity (e.g., auditorium, cafeteria, 
  dance studio) 

     

 Fitness room for aerobic and/or 
 strength training  

     

 Running track      

 Outdoor field      

 Outdoor paved area (e.g., tennis 
 courts, basketball courts) 

     

 Skating rink/arena      

 Indoor swimming pool      

 

 

 

Manuscript 1 - Questions used for School Policy and Program variable 
 

Does your school have a committee that oversees policies and practices concerning physical 
activity and healthy eating at your school (e.g., health action team) 

1 Yes, both physical activity and healthy eating   

2 Yes, physical activity only 

3 Yes, healthy eating only 

4 No 

Does your school’s improvement plan for the current school year contain any items related to 

physical activity and healthy eating?  

1 Yes, both physical activity and healthy eating   

2 Yes, physical activity only 

3 Yes, healthy eating only 

4 No 
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Does your school offer late bus/transportation service to students who participate in extra-
curricular activities?    

    Yes 1       No  2 

 
To the best of your knowledge, how well do each of the following statements characterize your school? 

      We promote physical activity during or 
 as part of special events.  

     

 We integrate physical activity into other 
 curriculum areas.  

     

 

From the following list, please indicate which sports are offered in your varsity or intramural 
athletics programs:  

 

 
Varsity/ 

Interschool 
Intramural 

  Varsity/ 
Interschool 

Intramural 

Basketball    Gymnastics   

Volleyball    Wrestling   

Soccer    Track & Field   

Football    Badminton   

Baseball/softball    Swimming   

Rugby    Skiing   

Ice Hockey    Ultimate Frisbee   

Lacrosse    Other   
 

 


