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Abstract 

Introduction: Moderate-to-vigorous physical activity (MVPA) has many health benefits for 

youth. However, the majority of Canadian youth are falling short of the recommended 60 

minutes of MVPA per day. Since youth spend a large proportion of time in school, regardless of 

socio-economic status, and evidence shows that characteristics of the school environment can 

influence youth MVPA, schools represent an equitable and effective setting for providing 

physical activity programming to youth. Intramurals are one example of inclusive school-based 

physical activity programs given they tend to be accessible, affordable, and less competitive 

compared to other school-based physical activity programs (e.g., varsity sports). Intramurals 

address common barriers to youth sport participation and MVPA, and are positively associated 

with these outcomes, however, there is limited evidence examining if offering intramurals is 

protective against the declining trajectory of youth MVPA. Despite this lack of evidence to 

inform intramural offerings, schools continue to add and remove intramurals each year as part of 

their real-world practice actions to promote activity among students. This research aimed to 

generate novel practice-based evidence on the effect of intramural offerings by using a quasi-

experimental design to evaluate if changes in the number of intramurals associate with youth 

MVPA over time. More specifically, Study 1 examined how general changes (added, removed, 

no change) in intramurals were associated with youth MVPA over time, Study 2 examined how 

changes in the type (team and individual) of intramurals were associated with youth MVPA over 

time, and Study 3 examined how changes in gender-specific (female-, male-only) and co-ed 

intramurals were associated with youth MVPA over time.  

Methods: This dissertation used three years of longitudinal school- and student-level data from 

Ontario schools participating in year 5 (Y5: 2016-2017), year 6 (Y6: 2017-2018) and year 7 (Y7: 
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2018-2019) of the COMPASS study. School-level covariates and intramural data from 55 

schools in Ontario, Canada were obtained from the School Programs and Policies (SPP) 

Questionnaire in Y5 and Y6. Baseline demographics and data on sport participation and MVPA 

were measured by the student COMPASS Questionnaire (Cq) in Y5, Y6 and Y7 on a sample of 

4417 students. A longitudinal quasi-experimental study design was employed, as data on the 

outcome were measured at pre-intervention (Y5), intervention (Y6) and post-intervention (Y7) 

time points and were compared between non-randomized intervention and control groups.  

Hierarchical linear mixed regression models were used to examine if changes in intramurals in 

Y5 to Y6 were associated with MVPA over time separately for males and females. A novel 

modeling approach to program evaluation was utilized to create indicator variables representing 

the yearly intramural changes: (i) intramural changes in year 6 and (ii) intramural changes in 

year 7 for each study. These indicator variables were included in the models and allowed for the 

assessment of their effect at those respective years. 

Results: Intramural participation was positively associated with youth MVPA over time and 

youth MVPA decreased over the three-year study period. In Study 1, general changes in 

intramurals (added, removed, no change) were not associated with youth MVPA over time. In 

Study 2, adding team and individual intramurals was significantly and positively associated with 

female MVPA in Y6, regardless of intramural participation. In Study 3, gender-specific and co-

ed intramurals were not associated with youth MVPA over time, however the association 

between adding gender-specific intramurals and female MVPA should be further explored, as the 

p-value of this association was at the level of significance (𝛼 = 0.05).  

Discussion: The novel findings from this research address important gaps in the literature on 

intramurals and physical activity, and contribute to our understanding of how real-world changes 
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in school-level intramurals impact the MVPA of students within these schools over time. In 

Study 2, we found that adding team and individual intramurals was positively and significantly 

associated with female MVPA in Y6, regardless of participation. This suggests an indirect 

association between changes in intramurals at the school-level and individual female student 

MVPA in those schools. This may be explained by the fact that adding a variety of intramurals 

creates a supportive and inclusive physical activity environment for females, by targeting female 

motivations for physical activity (e.g., peer socialization, inclusion and keeping fit) and 

important intra- and interpersonal factors for female physical activity (e.g., autonomy and self-

efficacy). In Study 3, the association between adding gender-specific intramurals and female 

MVPA was positive, but non-significant. Gender-specific intramurals may promote a supportive 

physical activity environment and encourage physical activity by fostering self-efficacy, 

enjoyment and peer support, especially among females. This association should be examined 

with a larger school sample, as this analysis may have been under-powered at the school-level. 

Based on Study 1, 2 and 3, changes in intramurals were not significantly associated with male 

MVPA over time. This suggests that changes in intramurals are not effective at increasing 

MVPA among males, and may be explained by the fact that the inclusive and supportive nature 

of intramurals generally do not target male motivations for physical activity, which include 

competition, strength and winning. Although changes in intramurals were generally not 

associated with youth MVPA, intramurals are associated with several other important outcomes 

among youth, such as sport sampling, physical literacy, socialization, school connectedness and 

reduced substance use. Schools should offer intramurals as inclusive physical activity programs, 

in addition to other physical activity programs and policies, to encourage equitable access to 

sport and physical activity and to foster healthy behaviours among youth.  
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Chapter 1: Background  

1.1 Moderate-to-Vigorous Physical Activity for Youth 

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

expends energy, increases heart rate and breathing.(1,2) Physical activity encompasses a large 

number of bodily movements including work, play, active transport, recreation and 

housework.(1) The intensity of physical activity refers to the magnitude of effort required to 

perform that activity and is measured using metabolic equivalents (METs).(1,2) METs are 

multiples of resting metabolic rate that correspond to intensity of physical activity.(3) Moderate-

intensity physical activity for children and youth refers to activities that are performed at 4.0-6.9 

METs (e.g., hiking, cycling, brisk walking and baseball).(2) Vigorous-intensity activities for 

children and youth refer to activities that are performed at ≥ 7.0 METs (e.g., jumping rope, fast 

cycling, running and soccer).(4) Moderate-to vigorous intensity physical activity (MVPA) refers 

to activities that are either of moderate or vigorous intensity and are commonly used in physical 

activity guidelines (5) as well as subjective and objective measures of physical activity.(6) 

1.2 Health Benefits of Moderate-Vigorous Physical Activity for Youth 

MVPA has a multitude of physiological and psychological health benefits for youth. 

Physiologically, MVPA is important for healthy development, disease-risk reduction and disease 

prevention among youth. Firstly, MVPA supports the development of healthy musculoskeletal 

tissues and a healthy cardiovascular system.(7,8) Secondly, MVPA reduces the risk of disease in 

youth, by supporting weight control,(6,8,9) improving bone mineral density, reducing markers of 

metabolic syndrome (8,9) and reducing the likelihood of engaging in negative health behaviours 

(e.g., tobacco and alcohol use).(10,11) Thirdly, by reducing the risk of disease, MVPA among 

youth can help prevent future diseases such as heart disease, cancer, type 2 diabetes, 
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hypertension, osteoporosis and obesity.(8,9) As highlighted in The 2018 ParticipACTION 

Report Card on Physical Activity for Children and Youth, MVPA also has many psychological 

benefits, including better brain health and mental health.(12) Specific to brain health, physical 

activity is associated with higher academic performance,(13,14) supports mental health in 

children and youth by reducing symptoms of anxiety and depression (8,9) and assists in social 

development.(7) Higher intensity physical activities have a stronger association with health 

benefits compared to lower intensity activities,(15) although all intensities, durations and 

patterns (sporadic, bouts and continuous) of physical activities are associated with health 

benefits.(15) This suggests that even modest changes to aspects of physical activity behaviours 

(e.g., intensity, duration or pattern) among youth could positively impact current health and 

reduce future risk of disease.(15)   

1.3 24-Hour Movement Guidelines for Canadian Children and Youth  

The Canadian 24-Hour Movement Guidelines for Children and Youth are the most recent 

movement guidelines released by the Canadian Society for Exercise Physiology (CSEP) for 

children and youth ages 5-17.(5,16) These guidelines integrate physical activity, sedentary 

behaviour and sleep recommendations across an entire day (24-hour period),(5,16) because these 

movement behaviours interact to influence youth health.(6,17) To achieve the many health 

benefits associated with physical activity, The Canadian 24-Hour Movement Guidelines for 

Children and Youth recommend an accumulation of 60 minutes of MVPA per day and to 

incorporate vigorous physical activity and strength training activities at least three days per 

week.(5) The guidelines also make recommendations to encourage sufficient sleep, to limit 

sedentary behaviours and to increase light physical activity by participating in a variety of 

physical activities.(16)  These guidelines can be found in Appendix A.  
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1.4 Youth Adherence to the Canadian 24-Hour Movement Guidelines  

A positive association has been observed between meeting the Canadian 24-hour 

movement guidelines and overall health among youth.(18) Since their introduction in 2016, few 

studies have estimated the proportion of Canadian youth meeting the 24-hour Movement 

Guidelines. A cross-sectional study design using objectively measured MVPA data from the 

Canadian Health Measures Survey (CHMS) found that 35% of youth aged 5-17 years met the 

guidelines.(19) Similarly, a study using a repeat cross-sectional design and objectively measured 

MVPA data from the CHMS found that 35% of youth aged 6-17 years met the 

recommendations.(20) Additionally, a cross-sectional design using self-report measures of 

MVPA from the Health Behaviour in School-Aged Children Survey (HBSC), found comparable 

results. Specifically, this study found that 35% of youth aged 10-17 years met the MVPA 

recommendations.(21) These three studies report similar proportions of youth meeting the 

Canadian 24-Hour Movement Guidelines, despite differences in: a) the age group of the samples, 

b) the measures of MVPA (subjective and objective) and c) the study design (cross-sectional and 

repeat cross-sectional). Taking these differences into consideration, 35% can be considered a 

reliable and valid estimate of the proportion of youth meeting the guidelines.(19–21) The 2018 

ParticipACTION Report Card on Physical Activity for Children and Youth, has summarized 

these key studies, to give the publicly highlighted approximation that only one-third of children 

and youth are meeting the MVPA recommendation within the Canadian 24-Hour Movement 

Guidelines.(12) Considering the modest proportion of Canadian youth meeting these guidelines, 

strategies to increase physical activity among this population are warranted.(12) 

1.5 Youth as a target for physical activity interventions 

Youth are an important target population for health interventions because habitual health 

behaviours (e.g., physical activity, sedentary activity, substance use and diet) continue to develop 
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and form during this time.(31–34) Youth are of particular interest for physical activity 

interventions because physical activity tends to decrease with age. For example, studies using 

objectively measured and longitudinal data found a significant decline in physical activity and a 

significant increase in sedentary behaviour in youth from 12 to 16 years of age.(26,27) 

Additionally, longitudinal data using validated self-report measures of physical activity show 

similar results, as physical activity decreased in youth beginning as early as 9 years of age and 

continued to 27 years of age.(28–32) Decreases in community sport participation (32,33) and 

increases in screen time and sedentary behaviour (24,26–28) during adolescence may explain 

some of the decline of physical activity in this group. A complex combination of biological and 

environmental factors may further explain this general decline in physical activity with age, 

although this is not currently well understood.(34) This decline in physical activity has been 

observed to be greater in females compared to males,(35,36) which may be explained by the fact 

that females physically mature earlier compared to males,(35) and physical maturation has been 

negatively associated with physical activity.(37) Conversely, a recent review of published 

longitudinal physical activity data found a slightly larger decrease in physical activity from 

adolescence to adulthood in males compared to females.(38) There is research suggesting that 

the physical activity decline is larger among females at a younger age (9-12 years), while it is 

greater among boys at older ages (13-16 years),(39) and the inclusion of different age groups in 

the study samples may help to explain the conflicting findings.(35,36,38,39) The relationship 

between age and physical activity differs between male and female youth, highlighting the 

importance of considering gender in youth physical activity research.  

The transition from childhood to adolescence is marked by a decline in physical activity 

that may differ between females and males, and continues until young adulthood. This highlights 
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an important opportunity for physical activity programming to target this population, as these 

interventions can help youth maintain and improve physical activity levels. These programs can 

also help to establish physical activity behaviours in youth that can be maintained later on in 

life.(31,40) Physical inactivity is a leading modifiable behavioural risk factor for premature 

mortality and lost life expectancy among Canadian adults,(41–43) therefore interventions to 

target physical inactivity among youth should be a public health priority.  

1.6 School setting and physical activity  

More than 5.5 million Canadian children and youth enrolled in elementary and secondary 

school programs in the 2016-2017 school year,(44) and the average school day lasts 6-7 

hours,(45) making schools an ideal setting to offer physical activity programming. Moreover, 

97% of Canadian youth attended secondary school in the 2015-2016 school year,(46) and these 

institutions have the opportunity to offer physical activity programs at a critical time when 

habitual physical activity behaviours are being formed.(22) Physical activity programs should be 

integrated in school settings because they are economical and effective for increasing youth 

physical activity.(45,47,48) Additionally, schools may be able to provide physical activities for 

all youth, regardless of potential barriers such as socioeconomic status and skillset/athletic 

ability.(49) The importance of the school setting in addressing the complexities of physical 

inactivity has been acknowledged by the Canadian Framework for Action to Promote Healthy 

Weights, as they recommend changes within the school environment through physical education, 

programming and facilities.(50) Specifically, physical education, physical activity breaks, varsity 

sports, active transportation and intramural sports are all examples of school-level programs that 

can encourage youth physical activity.(51) Physical activity programs that use a 

multidimensional model of school health (e.g., a combination of curriculum, policy, 
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environmental, community and parental strategies) have shown most effective in maintaining 

and improving youth physical activity.(48,52,53)  

1.7 Intramural programs and physical activity  

School-based physical activity programs provide youth with opportunities to be 

physically active,(54,55) however some of these opportunities may not be available, feasible or 

attractive to all youth. Firstly, varsity (e.g., extramural) sports are competitive sports played 

between students from different schools, and these sports are typically limited to those with a 

particular skill or athletic ability.(56) Secondly, active transportation to school may only be an 

option for students that live in urban,(57) safe, and walkable neighbourhoods (58) within a 

relatively close distance to the school.(59,60) In 2011, an average of 19% of Canadians lived in 

rural areas. More specifically, 14% of Ontarians lived in rural areas and youth aged 15-29 made 

up 17% of this population.(61) Lastly, although physical education may be positively associated 

with youth physical activity,(62–66) the modest requirement of physical education credits in 

Ontario secondary schools may limit these opportunities for students to be active.(67) To 

mitigate some of these challenges and barriers to physical activity opportunities, schools can 

offer a variety of intramural programs, which allow students to be physically active in a less-

competitive environment outside of instructional time.(68)  Intramural programs are played or 

participated in by students within the same school and are typically less competitive compared to 

varsity or extramural sports. These programs provide the opportunity for students with a wide 

variety of skills and interests to participate in sports or activities within their schools compared to 

varsity sports alone.(69) The perception of a competitive or competition-focused environment is 

negatively associated with participation in physical education, especially among females and 
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those with lower athletic ability.(70) This highlights the importance of non-competitive activities 

and their potential impact on physical activity levels. 

Not only do intramural programs provide all students with the opportunity to be 

physically active,(71) but there is also a positive association between participation in intramural 

programs and physical activity,(69,72,73) and a review examining the school environment and 

physical activity among youth found this relationship to be consistent across several studies.(70) 

Participation in intramurals may also allow youth to participate in a wide variety of activities 

throughout the school year, which is a concept known as sport sampling.(74,75) Sport sampling 

may help students find a sport/activity they enjoy participating in, which may promote 

confidence and participation later in life.(31,74–80) Additionally, participation in intramural 

sports is associated with positive health behaviours outside of physical activity, including lower 

screen-time, sedentary behaviour (81) and substance use among youth.(82)  

Intramural programs are associated with current youth physical activity, and there is 

research to suggest that youth participation in sport is associated with physical activity later in 

life. For example, several longitudinal studies using validated self-report measures found that 

sport participation in youth was associated with physical activity into adulthood.(31,76–80) 

Although sport participation tends to decrease with age, sport participation in youth may promote 

positive physical activity behaviours that continue later in life.(31,77,78) For example, sport 

participation may foster enjoyment, priority and an appreciation for physical activity that may be 

carried into adulthood.(31,77,78)  If youth participate in intramurals, they may be more active as 

adults, emphasizing the potential indirect and positive long-term effects of these programs. 
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1.7.1 Types of intramural programs 

Intramural programs can be categorized into individual- (e.g., yoga, running club) and 

team-based (e.g., soccer, tennis) sports. Both types of programs are associated with youth 

meeting the physical activity guidelines,(69) however there are different physical and 

psychological benefits of individual- and team-based sports.(83,84) There are also observed 

gender differences in the types of physical activities that secondary school students participate in, 

as girls are more likely to engage in individual activities, while boys are more likely to 

participate in team activities. To demonstrate, a study of youth in grade 9-12 found more boys 

compared to girls participated in activities that were classified as team sports (e.g., baseball, 

basketball, football), weightlifting, or other competitive sports (e.g., Frisbee, soccer, racquetball, 

tennis, volleyball), while more girls participated in activities that were classified as individual 

(e.g., jump rope, swimming, walking) with the exception of running.(85) Other research has 

found similar results, as rates of male participation in team sports was found to be significantly 

higher than female rates in a US study of residents 15 years of age and older.(86) Additionally, 

participation in team sports is typically associated with more physical activity compared to 

individual sports,(87) which highlights that individual and team intramurals may have different 

effects on youth physical activity. 

Female and male youth tend to participate in different types of sports, and the 

relationship between this sport participation and overall physical activity has been previously 

studied.(85,86) For example, participation in team sports had a positive association with physical 

activity participation among boys, while individual activities were positively associated with 

increased physical activity among girls.(85) Both of these relationships were indirect, and 

mediated by physical activity enjoyment.(85) Other research highlights the importance of 
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offering a variety of school-level team and individual intramurals, as offering team sports and 

games along with individually focused activities, provides youth with a variety of physical 

activity opportunities that range in the level of competition, strategy, cooperation and skill-

building, and encourages more comprehensive participation among youth.(88,89) 

Considering the potential benefits of intramural programs, research should be conducted 

to examine the effect of different types of intramurals, specifically individual- and team-based 

intramural programs, on youth physical activity. Considering the previously observed gender 

differences between type of sport participation and physical activity, this research should 

examine how the type of intramurals associate with physical activity separately for female and 

male youth. 

1.7.2 Gender and intramural programs 

As previously discussed, there are differences in physical activity levels between male 

and female youth,(32,90) and there are important differences between male and female youth on 

sport participation as well. For instance, there are gender differences related to participating in 

organized sports, as females tend to have lower participation compared to males (91) and males 

are more likely to participate in sports compared to females.(86,91,92) Specific to intramurals, 

two cross-sectional studies using large samples of Canadian secondary school students, suggest 

that males are more likely to participate in intramural sports compared to females,(72,93) 

meaning that females may be missing out on opportunities that may increase their physical 

activity levels.(72) There is research to suggest that gender-specific (e.g., female-only, male-

only) intramurals may be important for intramural participation, especially among female 

students. More specifically, female students attending schools with female-only intramurals were 

more likely to participate in intramurals compared to females attending schools without these 
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female-only intramurals, and no such association was observed for males.(94) Additionally, 

female youth have highlighted their desire for more equal opportunities for physical activity, 

which includes the offering of gender-specific physical activity programs in addition to co-ed 

programs.(89) This research suggests that gender-specific intramurals are important for female 

participation and physical activity, which is important given that female youth are less likely to 

participate in sports and are consistently less physically activity compared to male youth. 

Interventions promoting physical activity should take gender into account, as there are 

differences in the types of physical activities and the levels of activity between male and female 

youth, and gender-specific programs may be important to youth intramural participation and 

physical activity, especially among females. To my knowledge, no previous research has been 

done to examine how gender-specific and co-ed intramurals associate with physical activity 

among female and male youth. Examining this relationship would enhance our understanding of 

how these gender-specific and co-ed intramurals affect youth physical activity. Given that youth 

are an at-risk population for physical inactivity, this would provide schools with timely and 

relevant evidence to inform their offerings of these inclusive physical activity programs.  

1.8 Correlates of Moderate-to-Vigorous Physical Activity among Youth 

Focusing on demographic correlates, sex (male), socioeconomic status (higher), ethnicity 

(white),(95–97) parental education (higher),(95,97) age (younger),(95–97) and BMI among girls 

(lower),(95) are all positively associated with youth physical activity. Relating to psychological 

correlates, perceived competence and intention to be active are positively associated with 

physical activity among youth,(95–97) while depression (95,97) and perceived barriers (e.g., lack 

of time) (95) to physical activity are negatively associated. Specific to behavioural correlates, 

previous physical activity, community sports participation,(95–97) physical education 
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participation (95) and a healthy diet (95) are positively associated with youth physical activity. 

Additionally, smoking and sedentary behaviour have been found to be inconsistently correlated 

with physical activity,(95,97) while a review found outside-of-school sedentary behaviour to be 

consistently and inversely associated with youth physical activity.(96) Examining interpersonal 

correlates, parental (95–97) and friend support (95,97) are both positively associated with youth 

physical activity, while school connectedness has a positive association with youth meeting the 

guidelines over time.(98) A positive association has been observed between opportunities to 

exercise, access to programs and facilities,(95,97) time spent outdoors (95) and school-level 

policies that support active transportation and prioritize physical activity,(99) highlighting the 

role of the physical environment and school-level policy on MVPA.(97)  

Several variables, including demographic, psychological, behavioural, interpersonal, 

physical and school-level policy are related to youth physical activity. This highlights the many 

integrated factors determining physical activity behaviours that can be considered in studies 

involving youth physical activity programs.(95) This is consistent with the social ecological 

model, a theoretical framework used to understand the multifaceted and interacting effects of 

individual and environmental factors on behaviours, as individual, interpersonal, community and 

organizational factors are all associated with youth MVPA.(100)   

1.9 Natural Experiments  

A natural experiment occurs when an intervention has been implemented, but the 

circumstances surrounding its implementation has not been manipulated by the researcher.(101–

103) For example, circumstances that researchers may not be able to control include: a) when or 

where an intervention occurs (e.g., changes to the built environment, such as the addition of a 

fitness room in a secondary school), b) if a new program is implemented (e.g., addition/removal 
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of intramurals in a secondary school), or c) if changes to a policy are made (e.g., extended 

before- and after-school hours of a weight room in a secondary school), and these changes would 

all be considered natural experiments.(102) Two additional aspects of natural experiments 

include: a) that random allocation of the intervention is not feasible (e.g., for ethical or political 

reasons) and b) the intervention is not dependent on whether there is a plan to evaluate it or 

not.(102)  

A continuous problem facing many decision makers is the gap between the type of available 

evidence and the type of evidence they need to inform decisions.(103,104) For example, much 

evidence to be used in public health is generated from highly controlled studies (e.g., randomized 

controlled trials), that are used evaluate the efficacy of an intervention. Data generated from 

these highly controlled research studies generally have low external validity and decision makers 

may struggle to use such evidence to inform real-world interventions, as these studies tend to 

ignore important real-world contextual factors.(103,105) Additionally, randomized controlled 

trials are not feasible to evaluate all health interventions, such as natural experiments, because 

their implementation is not manipulated by the researcher.(101–103) Natural experimental 

studies can be used to evaluate the impact of natural experiments.(102) These studies address 

some of the previously mentioned issues by using robust research methodology to evaluate 

ongoing natural experiments and generate real-world and relevant evidence to inform public 

health policy. Natural experimental studies should employ the most robust research design 

possible,(103,104,106) which will depend on the type of data that are available at the time of the 

natural experiment.  

It is important to note the potential limitations of natural experimental studies which include 

bias due to confounding and the timing of policy implementation. Due to the lack of 
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randomization, bias due to confounding is a potential limitation that could lead to an erroneous 

estimate of effect due to the presence of a third variable.(105,107) Some methods to address this 

in natural experimental studies include the use of a valid comparison group or by measuring and 

controlling for important contextual factors through stratification or adjustment.(105–107) 

Additionally, the timing of natural experiments may complicate the planning of natural 

experimental studies because their implementation is not in control of the researchers.(106) Early 

or delayed implementation of programs or policies can complicate any planned collection of pre- 

and post-intervention data.(106,107) This influences the type of data that are able to be collected 

and potentially complicates pre-post comparisons, control group selection and the adjustment of 

important variables.(106,107) 

1.10 Summary and gaps in the literature  

1.10.1 Summary 

MVPA has a multitude of health benefits for youth,(6–13) however only a modest 

proportion of Canadian youth are meeting the recommended amounts outlined in the 24-hour 

movement guidelines.(19–21) Youth are an important target population for physical activity 

interventions because physical activity behaviours are developed and formed (31–34) and tend to 

decrease (28–32) during this time. Schools are an important setting for physical activity 

programming, as youth spend a large proportion of their young lives there.(44–46) School 

physical activity programs can take on many forms (e.g., active transport, varsity sports, physical 

education), however there may be barriers associated with these activities. Intramural programs 

provide the opportunity for students with a wide variety of skills and interests to participate in 

sports or activities within their schools, while eliminating some of the barriers associated with 

other school-based physical activities.(69) Participation in intramural programs are associated 
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with physical activity among youth and are associated with youth meeting the physical activity 

guidelines.(69,72,73,91) More research to examine how changes in intramurals are associated 

with MVPA longitudinally is warranted. This would address gaps in the literature including: a) a 

lack of experimental research evaluating the effectiveness of intramural programs on youth 

physical activity, b) utilizing longitudinal models to examine such relationships, and c) studying 

these relationships in the Canadian context. Additionally, examining how different intramurals 

(e.g., individual, team, gender-specific, co-ed) enhances our understanding of how intramural 

programs impact physical activity outcomes of male and female youth over time and provides 

schools with practice-based evidence to inform their offering of these programs.  

1.10.2 Gaps in the Literature 

Despite the lack of scientific evidence available to inform the offering of intramurals, 

schools continue to add and remove a variety of intramurals each year. This creates a unique 

opportunity to evaluate a natural experiment and examine how these real-world changes in 

intramurals are associated with youth physical activity. This dissertation utilized a natural 

experimental study design to evaluate how these ongoing changes in intramurals are associated 

with youth MVPA over time. These ongoing changes were examined: (i) generally (added, 

removed, no change), (ii) by type (individual- and team-sports), and (iii) by gender-specific and 

co-ed, to provide a comprehensive evaluation intramural changes on MVPA over time. The 

evaluation of a natural experiment using longitudinal school- and student-level data and 

addressed important gaps in the literature to provide a robust evaluation of how changes in 

intramurals associate with youth MVPA over time. This evaluation provides schools with 

practice-based evidence that can be used to help inform the offering of intramurals, to ultimately 

increase participation and physical activity among students.  
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1.11 Overview of COMPASS Study 

The COMPASS study (hereafter referred to as COMPASS) is a nine-year study (2012-2021) 

examining youth health behaviours. The study began in 2012-2013 and is conducted by 

researchers at the University of Waterloo in partnership with other researchers at the University 

of British Columbia, University of Alberta, University of Toronto, Laval University and Brock 

University.(108) Specifically, COMPASS is a school-based prospective cohort study that 

collects hierarchical (student- and school-level) and longitudinal data from a convenience sample 

of secondary school students (grades 9-12) and the schools they attend.(109) Student- and 

school-level data from the cohort of schools within COMPASS are collected over time through 

annual school data collections.(109)   

COMPASS participates in knowledge exchange by providing each school with their school-

specific School Health Profile (SHP) after participation.(108,109) Each SHP provides data on the 

prevalence of student health behaviours and how these rates compare to provincial/national 

standards, provides evidence-based suggestions for interventions to improve student health and 

connects the school to their local Public Health Unit for support with implementation of these 

interventions or for additional resources.(108,109) This allows COMPASS to provide schools 

with ongoing information that can be used in the development and improvement and evaluation 

of school-level programs and policies.(109) 
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Chapter 2: Study Rationale, Research Objectives and Hypotheses 

2.1 Study 1: Examining if changes in intramural programs affect youth physical activity 

over time 

Previous research shows that participation in intramural programs is associated physical 

activity among youth over time,(31,76–80) however there is little research examining the 

association between intramurals and youth MVPA longitudinally. This study utilized a natural 

experiment to examine how changes in intramurals are associated with youth MVPA over time. 

Considering there are differences between males and females on MVPA, this association was 

examined separately for female and male students. Study 1 addressed important gaps in the 

literature and contributes to our understanding of how real-world general changes in intramurals 

affect youth MVPA over time. The objective of Study 1 was to examine how general changes in 

intramurals were associated with MVPA over time, separately for female and male students. I 

hypothesized that changes in intramurals would be associated with students’ MVPA over time. 

More specifically: 

a. I expected that the addition of intramurals would be positively associated with MVPA 

over time for both males and females. 

b. I expected that removing intramurals would be negatively associated with MVPA over 

time for both males and females.  

c. I expected that no changes in intramurals would be unassociated with students’ MVPA 

over time, for both males and females.  
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2.2 Study 2: Examining if changes in the type of intramurals affect youth physical activity 

over time 

Previous research suggests that types of sports (e.g., team and individual sports) may be 

differentially associated with sport participation and MVPA among youth, however there is little 

research examining this association for intramural sports. This study utilized a natural 

experiment to examine how changes in the type of intramurals (team and individual) are 

associated with youth MVPA over time. This association was examined separately for female 

and male students, considering the differences between female and males on type of sport 

participation and MVPA. This study adds to the literature by further examining the relationship 

between intramurals and youth physical activity, and contributes to our understanding of how 

real-world changes in team and individual intramurals affect youth MVPA over time. The 

objective of Study 2 was to examine how changes in team and individual intramurals were 

associated with youth physical activity longitudinally, separately for female and male students. I 

hypothesized that changes in the types of intramurals would be associated with students’ MVPA 

over time. Additionally, I hypothesized that these associations would differ in magnitude 

between males and females, because female youth are more likely to participate in individual 

sports, while males are more likely to participate in team sports,(85,110) and participation in 

team sports is generally associated with more physical activity compared to individual 

sports.(87,110) More specifically: 

a. I expected that adding individual intramurals would be positively associated with 

MVPA over time for both males and females. I also expected this relationship to be 

stronger among female students, as females are more likely to participate in 

individual sports compared to males.(85) 
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b. I expected that adding team intramural programs would be positively associated with 

MVPA over time for both males and females. I also expected this relationship to be 

stronger for male students, as they are more likely to participate in team sports 

compared to females.(85) 

c. I expected that removing intramurals would be negatively associated with MVPA 

over time for both males and females.  

d. I expected there to be no association between no changes in the types of intramural 

change and MVPA over time for both males and females.  

2.3 Study 3: Examining if changes in gender-specific and co-ed intramural programs affect 

physical activity over time 

Previous research suggests that gender-specific (e.g., female-only, male-only) intramurals 

may be important for intramural participation,(94) and physical activity (89) especially among 

female students, however there is limited research examining how gender-specific and co-ed 

intramurals are associated with youth MVPA. This study addressed this gap in the literature by 

utilizing a natural experiment to examine how the changes in the gender-specific and co-ed 

intramurals were associated with youth MVPA over time. The objective of Study 3 was to 

examine how changes gender-specific and co-ed intramurals were associated with youth physical 

activity over time, separately for female and male students. I hypothesized that changes in the 

gender-specific and co-ed intramurals would be associated with students’ MVPA over time. 

More specifically: 

a. I expected adding gender-specific intramurals to be positively associated with MVPA 

over time for both male and female students. 
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b. I expected that adding co-ed intramurals would be positively associated with MVPA over 

time for both male and female students.  

c. I expected that removing gender-specific and co-ed programs would be negatively 

associated with MVPA over time for both male and female students.   
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Chapter 3: Methods 

3.1 Sampling 

The COMPASS study is designed to facilitate many large-scale school-based data 

collections using whole-school convenience sampling.(111) It is not designed to be provincially-

representative, nationally-representative, nor is it meant to represent geographical populations 

outside of the participating cohort of schools.(111) The COMPASS recruitment process involves 

two main steps: 1) approaching school boards that govern eligible schools, 2) approaching 

individual schools if granted permission from a school board.   

School boards from Ontario, Alberta and British Columbia were purposively sampled if 

they governed schools with the following criteria: 1) English-speaking, 2) had secondary schools 

with grades 9-12, 3) had a student population of at least 100 students per grade, 4) had schools 

that operated in a standard school/classroom setting, and 5) allowed the use of active-information 

passive-consent parental permission protocols.(111) These criteria were validated and the sample 

was subsequently determined by reviewing the websites of the school boards or by contacting an 

administrator from the school board.(111) 

3.1.1 School-level sampling  

School Board Recruitment 

Once identified as being eligible by the process described above, a school board was sent 

a COMPASS board recruitment package via mail or courier. This package contained an 

invitation letter, project brochure, permission materials and copies of the school- and student-

level data collection tools.(111) One-week after the recruitment package was sent, the 

recruitment coordinator followed up with each school board. If granted approval by their board, 
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eligible schools were notified of this decision using an email template provided by the 

COMPASS recruitment coordinator. All board responses and reasons for declining were 

recorded in an internal online project management system.(111) 

School Recruitment   

Once a school board granted approval to the COMPASS team, all eligible schools within 

this board were approached to participate in COMPASS.(111) These eligible schools were sent a 

standard recruitment package via courier which included an invitation letter, project brochure, a 

school-response form and copies of the Student Questionnaire.(111) One-week after the 

recruitment package was sent, the recruitment coordinator followed up with each school. All 

school responses and reasons for declining participation were recorded in an internal online 

project management system.(111) The sampling protocol for private schools was slightly 

different, as they are not supported by a school board and are independently governed. For these 

schools, the researchers directly approached schools by providing them with a recruitment 

package.(111)   

3.2.1 Student-level sampling  

Once a COMPASS school granted approval to the COMPASS team, students within the 

eligible schools were recruited using an active-permission passive consent (referred to as 

‘passive consent’) procedure.(112) A passive consent procedure was chosen because active 

consent has been associated with falsely inflated between-school variability, lower student 

participation rates, biased sample demographics, underestimated substance use estimates and a 

reduction in student confidentiality.(113) Parents/guardians of eligible students were mailed an 

information letter or received an automated voice message about the COMPASS study. 
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Parents/guardians who did not want their child to participate in the study could withdraw their 

child by contacting the COMPASS recruitment coordinator using a toll-free phone number or 

email address that were both provided in the information letter and voice message. All students 

whose parents provided passive consent were eligible to participate in the study, and they were 

able to withdraw from the study at any point in time.(112)   

3.2 Ethics 

The COMPASS study was approved by the University of Waterloo Office of Research 

Ethics and by the internal committee members of the participating school boards.  

3.3 Data Sources 

The COMPASS study collects student-and school-level data using the following data 

collection tools: a) the COMPASS Student Questionnaire (Cq), b) the COMPASS School 

Policies and Practices Questionnaire (SPP), c) the COMPASS School Environment Application 

(Co-SEA), and d) the COMPASS Built Environment Data (C-BED) tool. (109)   

At the student-level, the Cq is used to collect student-level demographic information and 

data on obesity, physical activity, sedentary activity, eating behaviours, tobacco-use, alcohol-use, 

marijuana-use, opioid-use, school connectedness, academic achievement, bullying and mental 

health.(108,109) The Cq is further described in chapter 3.3.1. 

At the school-level, data on the programs and policies within each school and the 

characteristics of the built environment surrounding each school are collected.(109) These data 

are collected using the SPP, Co-SEA, and C-BED.(109) The SPP is completed by a school 

administrator with knowledge about the school’s programs and policies, and asks about recent 

and relevant changes to programs, policies and/or resources.(108,109) The SPP is described in 

more detail in chapter 3.3.2. The Co-SEA is used by COMPASS staff on the day of data 
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collection to record observations related to the school’s built environment that are related to 

obesity, healthy eating and physical activity, (e.g., vending machines, gymnasiums, sports fields 

and student eating areas).(108,109) Data on the characteristics of the built environment 

surrounding each school (e.g., fast-food restaurants, recreation centres and convenience stores) 

are collected using the C-BED to examine if, and to what extent, these characteristics influence 

youth health.(108,109)  

3.3.1 COMPASS Student Questionnaire (Cq) 

The Cq, (found in Appendix B), collects all individual student-level data in COMPASS. 

The Cq is a 12-page machine-readable paper booklet that is completed in 30-40 minutes during 

class time.(109) The Cq includes core measures, supplementary measures and demographic 

measures selected based on scientific and practical significance.(114) The core measures in the 

Cq are consistent with measures in other self-reported school-based questionnaires used in youth 

in Ontario and Canada (e.g., the Ontario Student Drug Use and Health Survey [OSDUHS], the 

Canadian Student Tobacco, Alcohol and Drugs Survey [CSTADS], and the Health Behavior of 

School Children Survey [HBSC]) and include measures of obesity, physical activity, sedentary 

activity, tobacco-use, alcohol-use, marijuana-use and mental health.(109,114,115) The 

supplementary measures in the Cq are priorities that were identified as relevant by school 

stakeholders. These measures include eating behaviour, bullying, education outcomes, opioid-

use and school connectedness.(109,114,115) Lastly, demographic measures for the questionnaire 

include gender, age, grade, ethnicity and weekly spending money which are consistent with other 

measures used in self-report school-based studies of Canadian youth in grades 9-

12.(109,114,115) 
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3.3.1.1 Data Linkage 

Considering the longitudinal nature of COMPASS, the cohort of schools and students 

must be followed over time. This research used linked longitudinal school- and student-level data 

to examine how changes at the school-level (intramurals) affect a student-level outcome 

(MVPA) over time. School-level data were linked over time by their unique school ID. Student-

level data were linked over time using a unique self-generated identification code for each 

student. This code was generated from student responses to five questions on the cover page of 

the Cq.(116) The students’ responses to these questions do not change over time (e.g., students 

are asked to indicate the first letter of their middle name), and are not personally identifiable, 

allowing student-level data to be linked over time while ensuring anonymity of survey 

participants.(116)  

3.3.2 COMPASS School Policies and Practices Questionnaire (SPP) 

Data on the school-level policies, programs and practices were collected using the SPP. 

The SPP is an online survey completed by a school administrator that is most knowledgeable 

about the programs and policies within the school. The SPP measures the presence and absence 

of practices, programs and/or policies relevant to the student health behaviours collected on the 

Cq (e.g., physical activity, substance use), as well as changes to these practices, programs and/or 

policies over time.(109) The SPP had minor changes from 2016-2017 to 2017-2018, and relevant 

changes to the measures outlined in chapter 3.5.2.  

3.4 Natural Experiment Study Design  

 As previously mentioned, there are many interventions which are not able to be 

evaluated using a RCT, including changes in school-level physical activity programming (e.g., 

intramural programs).(106,107) Natural experimental studies provide the opportunity to evaluate 
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these types of interventions using experimental or non-experimental research designs.(107) The 

gold standard research methodology in the evaluation of natural experiments is the quasi-

experimental design.(107) This design has high internal and external validity because of its pre-

intervention and post-intervention measures from non-randomized treatment and non-

randomized control groups in a natural setting.(107) This research utilized a longitudinal pre-

post quasi-experimental design, as data on the outcome were measured at the pre-intervention 

(Y5), intervention (Y6) and post-intervention (Y7) time points and were compared between non-

randomized intervention and control groups. This design is considered the gold standard research 

methodology for natural experimental studies, and important school- and student-level covariates 

were measured and controlled for through stratification and adjustment to mitigate bias due to 

confounding from lack of randomization.(102) A figure of this research design is found in figure 

1 below.    

Figure 1: Longitudinal pre-post quasi-experimental design.  
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3.5 Measures 

3.5.1 Outcome 

Average Daily MVPA: The average combined moderate and vigorous activity per day is a 

derived variable calculated by summing the total time in minutes of moderate physical activity 

for each day (Monday-Sunday) and the total time in minutes of hard (vigorous) physical activity 

for each day (Monday-Sunday) and dividing this sum by 7 days. The result is a continuous 

variable for MVPA. Definitions for hard and moderate physical activity are defined in the Cq to 

improve the accuracy of past seven-day physical activity recall. In the Cq, hard physical 

activities are defined as “physical activities include jogging, team sports, fast dancing, jump-

rope, and any other physical activities that increase your heart rate and make you breathe hard 

and sweat” and moderate physical activities are defined as “physical activities include lower 

intensity activities such as walking, biking to school, and recreational swimming”. These 

descriptions align with definitions given by CSEP that are used in physical activity research 

among youth.(4) Hard and moderate physical activity are assessed over the past seven days by 

asking students to select the number of hours and minutes of hard and moderate physical activity 

for each day (Monday-Sunday) as outlined in figure 2 and 3 respectively.  

Examining the reliability of the Cq physical activity measures, the test-retest reliability of 

the self-reported MVPA on the Cq was found to be moderate (ICC-0.75). Compared to other 

self-report measures of physical activity (e.g., Adolescent Physical Activity Recall and HBSC), 

the reliability of the Cq physical activity measures were found to be sufficient and appropriate 

for use in school-level research of youth health behaviours.(117) Regarding the validity of the 

Cq physical activity measures, the self-reported Cq MVPA was significantly correlated with 

accelerometer-measured values.(117) Although these correlations were low-to-moderate, these 
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results are comparable to other studies using accelerometers to validate self-reported physical 

activity (e.g., Physical Activity Questionnaire for Children and Adolescents), making the Cq an 

acceptable measure of MVPA for school-level research of health behaviours among youth.(117) 

Figure 2: Question 14 of the Cq to assess the duration of hard physical activity for each day in 

the past seven days.

 

Figure 3: Question 15 of the Cq to assess the duration of moderate physical activity for each day 

in the past seven days. 
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3.5.2 Predictors 

Study 1: 

Changes in intramurals from Y5 to Y6: Changes in intramurals from Y5 to Y6 were determined 

by asking school contacts to “Please select the intramural programs/club activities involving 

physical activity that were offered to students at your school during the past 12 months.” The 

intramural program selections include a variety of activities with and allowed space to indicate 

whether the intramural offerings were for females only, males only, or co-ed and there was space 

to indicate any activities not listed. This question differed slightly from Y5 (Figure 4) to Y6 

(Figure 5), with the addition of Dodgeball and Ultimate Frisbee as potential selections for 

intramural programs into the Y6 SPP. Changes in intramurals from Y5 to Y6 were determined by 

comparing the number of intramurals in Y5 to Y6. Schools made many changes from Y5 to Y6, 

and to ensure cell counts were large enough, these changes were categorized into three main 

groups: (1) schools that added and removed the same number of intramural programs from Y5 to 

Y6, (2) schools that added more programs than removed, or only added programs from Y5 to 

Y6, and (3) schools that removed more programs than added, or only removed programs from 

Y5 to Y6. These groups were then coded into the following categories: (1) no net change, (2) 

primarily added programs and (3) primarily removed programs (reference). Schools classified as: 

(1) no net change described schools that removed an intramural for every intramural they added 

(e.g., added three intramurals and removed three intramurals). 

Study 2: 

Type of intramural changes from Y5 to Y6: Type of intramural changes from Y5 to Y6 were 

determined by asking school contacts to “Please select the intramural programs/club activities 
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involving physical activity that were offered to students at your school during the past 12 

months.” See figures 4 and 5. The intramurals were classified as team or individual sports based 

on the classifications found in Appendix C. Changes in team and individual intramurals from Y5 

to Y6 were then determined by comparing the number of intramurals offered between these 

years. Schools made many changes in team and individual intramurals from Y5 to Y6 (e.g., 

added and removed a combination of team and individual intramurals), and to ensure cell counts 

were large enough, these changes were categorized into five groups based on the quantity of 

types of intramural changes: (1) schools that primarily added team individual intramurals from 

Y5 to Y6, (2) schools that primarily added individual team intramurals from Y5 to Y6, (3) 

schools that added the same number of individual and team intramurals from Y5 to Y6, (4) 

schools that added and removed the same number of individual and team intramurals from Y5 to 

Y6, and (5) schools that primarily removed team or individuals from Y5 to Y6 (reference). These 

groups were then coded into the following categories: (1) primarily added team, (2) primarily 

added individual, (3) added team and individual, (4) no net change and (5) removed intramurals 

(reference). Schools classified as: (4) no net change described schools that removed an 

intramural for every intramural they added (e.g., added one team, removed one team and added 

one individual and removed one individual). 

Study 3: 

Changes in gender-specific and co-ed intramurals from Y5 to Y6: Changes in gender-specific 

and co-ed intramurals from Y5 to Y6 were determined by asking school contacts to “Please 

select the intramural programs/club activities involving physical activity that were offered to 

students at your school during the past 12 months.” School administrators were also asked to 

indicate whether the intramural offerings were for females only, males only, or co-ed. (See 
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figures 4 and 5). Changes in gender-specific and co-ed intramurals from Y5 to Y6 were then 

determined by comparing intramural data between these years. Schools made many changes to 

intramurals from Y5 to Y6, and these changes were classified into one of the following four 

groups based on the quantity of gender-specific and co-ed intramurals: (1) schools that primarily 

added co-ed intramurals from Y5 to Y6, (2) schools that added gender specific intramurals from 

Y5 to Y6, (3) schools that added and removed the same number of female-only, male-only or co-

ed intramurals from Y5 to Y6, and (4) schools that primarily removed female-only, male-only or 

co-ed intramurals from Y5 to Y6 (reference). These groups were coded and simplified into the 

following four categories: (1) primarily added co-ed, (2) added gender-specific, (3) no net 

change, and (4) removed intramurals (reference). Schools classified as: (2) added gender-

specific, are schools that either: (i) primarily added the same number of male- and female-only 

intramurals from Y5 to Y6, (ii) primarily added female-only intramurals from Y5 to Y6, or (iii) 

primarily added male-only intramurals from Y5 to Y6. Schools classified as: (3) no net change, 

are schools that removed a gender-specific or co-ed intramural for every one they added (e.g., 

added one co-ed, removed one co-ed).  

Figure 4. Y5 measure of intramural programs from COMPASS SPP.  

14. Please select the intramural programs/club activities involving physical activity that were offered to 

students at your school during the past 12 months. 

 

Sport/Club Girls Only Boys Only Co-ed 
Yoga  o  o  o  
Dance  o  o  o  
Outdoors/Outers/Hiking o  o  o  
Mountain Biking o  o  o  
Skiing o  o  o  
soccer  o  o  o  
Weight training club o  o  o  
Rock climbing o  o  o  
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Fitness club (e.g., 
CrossFit, Zumba) 

o  o  o  

cheerleading o  o  o  
ball hockey o  o  o  
Badminton o  o  o  
running club o  o  o  
basketball  o  o  o  
Walking club o  o  o  
volleyball  o  o  o  
baseball/softball o  o  o  
Other __________ o  o  o  
Other __________ o  o  o  
Other __________ o  o  o  
Other __________ o  o  o  
Other __________ o  o  o  

 
 
Figure 5. Y6 measure of intramural programs from COMPASS SPP.   

14. Please select the intramural programs/club activities involving physical activity that were offered to 
students at your school during the past 12 months. 

 
Sport/Club Girls Only Boys Only Co-ed 
Yoga  o  o  o  
Dance  o  o  o  
Outdoors/Outers/Hiking o  o  o  
Mountain Biking o  o  o  
Skiing o  o  o  
soccer  o  o  o  
Weight training club o  o  o  
Rock climbing o  o  o  
Fitness club (e.g., 
CrossFit, Zumba) 

o  o  o  

cheerleading o  o  o  
ball hockey o  o  o  
Badminton o  o  o  
running club o  o  o  
basketball  o  o  o  
Walking club o  o  o  
volleyball  o  o  o  
baseball/softball o  o  o  
Dodgeball o  o  o  
Ultimate Frisbee o  o  o  
Other __________ o  o  o  
Other __________ o  o  o  
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3.5.3 Student-Level Correlates 

Based on the background research, there are many student-level sociodemographic and 

sport participation variables that are associated with the predictor and/or the outcome. Many of 

these variables are measured by the Cq and were included in the models for Study 1, 2 and 3 as 

correlates. The sociodemographic characteristics were measured at baseline (Y5), while sport 

participation correlates were measured at baseline (Y5), intervention (Y6), and post-intervention 

(Y7). 

Baseline Sociodemographic Correlates 

Gender in Y5: Data on gender were measured by the Cq and asks students “Are you male or 

female?” The responses are coded into two categories as follows: 0=female (reference group), 

1=male. 

Grade in Y5: Data on the baseline grade of students was measured by the Cq by asking students 

“What grade are you in?” The responses are coded into two categories as follows: 9=grade 9 

(reference group), 10=grade 10. Note that students in grade 11 and 12 at baseline were not able 

to be linked for all three years, and were therefore not included in the study. 

Ethnicity in Y5: Data on the ethnicity of students are measured by the Cq and asks students 

“How would you describe yourself? (Mark all that apply)”, and is followed by the options of 

White (coded as 0, reference group), Black (coded as 1), Asian (coded as 2), Aboriginal (First 

Nations, Metis, Inuit) (coded as 3), Latin American/Hispanic (coded as 4) and other (coded as 5). 

These categories were collapsed into white (coded as 0, reference group) and other (coded as 1) 

to ensure adequate cell counts.  
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Weekly spending money in Y5: Weekly spending money is proxy measure of socioeconomic 

status on the Cq and was measured by asking “About how much money do you usually get each 

week to spend on yourself or to save? (Remember to include all money from allowances and jobs 

like babysitting, delivering papers, etc.)”, and is followed by the options of “Zero” (coded as 0, 

reference group) “$1 to $5” (coded as 1), “$6 to $10” (coded as 2), “$11 to $20” (coded as 3), 

“$21 to $40” (coded as 4), “$41 to $100” (coded as 5), “more than $100” (coded as 6) and “I do 

not know how much money I get each week” (coded as 7). These categories were recoded as 

Zero (reference), $1-$20, $21-$100 and $100+ to ensure adequate cell counts. 

Time-Varying Sport Participation Correlates  

Intramural sport participation at Y5, Y6 and Y7: Intramural sport participation was reported on 

the Cq by asking: “Do you participate in before-school, noon hour, or after school physical 

activities organized by your school? (e.g., intramurals, non-competitive clubs)”, followed by the 

response options of “No”, “Yes” and “None offered at my school”, and were recoded as “No 

(reference)” and “Yes” to ensure adequate cell counts.  

Varsity sport participation at Y5, Y6 and Y7: Varsity sport participation was assessed on the Cq 

by asking “Do you participate in competitive school sports teams that compete against other 

schools? (e.g., junior varsity or varsity sports)”, followed by the options of “No” (coded as 0, 

reference group) “Yes” (coded as 1), or “None offered at my school” (coded as 2), and were 

recoded as “No (reference)” and “Yes” to ensure adequate cell counts.  

Community Sport Participation at Y5, Y6 and Y7: Community sport participation was measured 

on the Cq by asking “Do you participate in league or team sports outside of school?” and is 

followed by the options of “No” (coded as 0, reference group) “Yes” (coded as 1), or “There are 
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none available where I live” (coded as 2) and were recoded as “No (reference)” and “Yes” to 

ensure adequate cell counts.  

3.5.4 School-Level Correlates  

School-level correlates that were known to associate with the predictor and/or outcome 

were measured at baseline (Y5) and included in the analyses for Study 1, 2 and 3.  

Number of intramural programs in Y5: The continuous measure of the number of intramurals a 

school offered in Y5 and was derived by the response on the SPP. 

School size in Y5: Data on the size of each school are based on the number of students attending 

the school. This continuous variable was determined by the response on the SPP. 

Changes in other physical activity programs from Y5 to Y6: School-level SPP data were used to 

assess whether schools made any other relevant changes to programs that may affect MVPA and 

intramural participation. Data on these programs were coded as 0=no changes in physical activity 

programs, 1=added physical activity programs and 2=removed physical activity programs.  

School neighbourhood median income in Y5: Data on the median income of school are based on 

the median income of the area surrounding the school. This continuous variable was determined 

using school postal code and household income data from the latest Canadian Census data.(118) 
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Chapter 4: Analyses  

The three studies in this dissertation used the same student- and school-level data. The 

longitudinal mixed models in the three studies included relevant student- and school-level 

correlates, with different sets of predictors pertinent to each study. Specifically, Study 1 models 

included the main predictor: changes in intramurals from Y5 to Y6, Study 2 models included the 

main predictor: of type of intramural changes from Y5 to Y6, and Study 3 models included the 

main predictor: changes in gender-specific and co-ed intramurals from Y5 to Y6, and all studies 

examined the effect of these intramural changes on MVPA.  

4.1 School- and Student-Level Sample 

The three studies of this dissertation used linked longitudinal school- and student-level 

data from 55 Ontario schools that participated in Year 5 (Y5: 2016-2017), Year 6 (Y6: 2017-

2018) and Year 7 (Y7: 2018-2019) of COMPASS. Schools in Alberta, British Columbia and 

Quebec were excluded from these studies because of small sample sizes and differences in 

provincial physical activity programs and policies. There were 91 Ontario schools that 

participated in COMPASS in Y5, however, 36 Ontario schools were excluded because these 

schools did not participate across all three years, for a total of 55 schools in the sample. Students 

who were in grade 9 (13-14 years old) and grade 10 (14-15 years old) at baseline (Y5) with 

linked data across all three years were included in our studies. The main reasons for non-linkage 

were students transferring schools, students not providing data on grade in Y5 or Y6, students 

who were absent or had a spare period during the time of Y5 or Y6 data collection, those who 

left secondary school early, or provided inaccurate data to link measures on the Cq. A total of 

5,514 students from the 55 Ontario schools were successfully linked for all three years, however 

only students with: i) complete data on all covariates and ii) complete data or monotone 

missingness in MVPA were included in our analyses, yielding a final sample size of 4,417 
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students for all three studies. Our studies employ traditional hierarchical mixed models, which 

provide reliable inference for monotone pattern of missingness (under the missing at random 

assumption) in the outcome. This guided the aforementioned subject exclusion criteria.(119)  

4.2 Descriptive Analyses 

Descriptive analyses were performed on school and student-level characteristics for the 

sample of 55 schools and 4,417 students. Frequency and percentage were used to describe 

categorical student- and school-level variables, and the mean and standard deviation were used to 

describe continuous and discrete student- and school-level variables. Baseline and time-varying 

student-level variables were summarized separately for: (i) all students, (ii) female students and 

(iii) male students. Chi-Square was used to examine exploratory differences between female and 

male students on student-level characteristics at baseline.  

4.3 Longitudinal Mixed Models 

All analyses were performed in SAS 9.4 and were stratified by gender. For all three 

studies, the ICC was estimated via the null model (i.e., a linear mixed model that only contains a 

random intercept) to assess the proportion of observed variance in MVPA that is attributed to 

school heterogeneity.(120) 

For each study, linear mixed models were used to estimate how changes in intramurals in 

Y5 to Y6 are associated with longitudinal MVPA. These models were hierarchical to account for 

clustering of students within schools and students over time, and were built in six stages: (i) the 

unconditional means model with a random intercept and no predictors, (ii) adding the main 

predictor (intramural change) to the models, (iii) adding student-level demographic variables 

(grade, ethnicity) to the models, (iv) adding student-level social variables (weekly spending 

money) to the models, (v) adding student-level sport participation variables (intramural, varsity 
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and league sport participation) to the models, and (vi) adding school-level variables (changes in 

physical activity programs, number of intramurals in Y5, school size, and school neighbourhood 

median income) to the models. The goodness of fit of each model was assessed via Akaike’s 

Information Criterion (AIC) and Bayesian Information Criterion (BIC).(121) The final models 

controlled for relevant student (grade, ethnicity, weekly spending money, intramural sport 

participation, varsity sport participation, community sport participation) and school (changes in 

physical activity programs, number of intramurals in Y5, school size, and school neighbourhood 

median income) factors.  

A novel modeling approach to program evaluation was employed to create two indicator 

variables representing the main predictor of changes in intramurals from Y5 to Y6 for each 

study. These indictor variables allowed for the evaluation of changes in intramurals (the 

intervention) at two timepoints: (i) intervention year (Y6) and (ii) post-intervention year (Y7).  

This novel modeling method has been utilized in previous research to assess changes in 

provincial policies on health outcomes (122), and to assess how changes in the environment 

affect alcohol use (123), tobacco and cannabis use (124) over time. 

4.3.1 Indicator Variables  

Two indicator variables were created for each study to represent changes in intramurals. 

In Study 1, these indicator variables were: (i) intramural change in year Y6 and (ii) intramural 

change in Y7. In Study 2, these indicator variables were: (i) type of intramural changes in Y6 

and (ii) type of intramural changes in Y7.  In Study 3, these indicator variables were: (i) changes 

in gender-specific and co-ed intramurals in Y6 and (ii) changes in gender-specific and co-ed 

intramurals in Y7. These indicator variables in the models/studies allowed for the assessment of 

the effect of intramural changes from Y5 to Y6 on MVPA at those respective years. Specifically, 
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these indicator variables in Y6 allowed for the examination of the effect of intramural change on 

MVPA in that year, and in Y7, these indicator variables allowed for the examination of effect of 

intramural change on MVPA under the supposition that changes from Y5 to Y6 would continue 

(in a similar manner) into Y7. We explain the nuances of these indicator variable via a 

hypothetical example of a school and its intramural changes. Suppose this school for Study 1 was 

classified as “added intramurals”, and in Y5 (pre-intervention), and this intramural change was 

coded as “no change” to reflect that the intervention has not yet been implemented. In Y6 

(intervention), this intramural change was coded as “added intramurals”, to reflect that the 

intervention had been implemented this year. In Y7 (post-intervention), this intramural change 

was coded as “added intramurals”, to examine the effect of this change if it were to be continued 

into Y7. See Table 1 for a representation of these study 1 indicator variables for this hypothetical 

school. 

Table 1. Indicator variables used in Study 1 for a school that added intramurals from Y5 to Y6 

Year Intramural Change 

from Y5 to Y6 

Indicator variable 

for intramural 

change in Y6 

Indicator variable 

for intramural 

change in Y7 

Y5 Added No Change No Change 

Y6 Added Added No Change 

Y7 Added No Change Added 

 

For Study 2, this school was classified as “added individual and team intramurals” and in 

Y5 (pre-intervention), this type of intramural change was coded as “no change”, to reflect that 

the intervention has not yet been implemented. In Y6 (intervention), this type of intramural 
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change was coded as “added individual and team intramurals”, to reflect that the intervention had 

been implemented this year. In Y7 (post-intervention), this type of intramural change was coded 

as “added individual and team intramurals”, to examine the effect of this change if it were to be 

continued into Y7. See Table 2 for a representation of these indicator variables for this school.  

Table 2. Indicator variables used in Study 2 for a school that added individual and team 

intramurals from Y5 to Y6 

Year Type of Intramural 

Change 

Indicator variable for 

type of intramural 

change in Y6 

Indicator variable for 

type of intramural 

change in Y7 

Y5 Added Individual and 

Team 

No Change No Change 

Y6 Added Individual and 

Team 

Added Individual and 

Team 

No Change 

Y7 Added Individual and 

Team 

No Change Added Individual and 

Team 

 

In Study 3, this school was classified as “added co-ed intramurals”, and in Y5 (pre-

intervention), this type of intramural change was coded as “no change”, to reflect that the 

intervention has not yet been implemented. In Y6 (intervention), this type of intramural change 

was coded as “added co-ed intramurals”, to reflect that the intervention had been implemented 

this year. In Y7 (post-intervention), this intramural change was coded as “added co-ed 

intramurals”, to examine the effect of this change if it were to be continued into Y7. See Table 3 

below for a representation of these indicator variables for this school.  
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Table 3. Indicator variables used in Study 3 for a school that added co-ed intramurals from Y5 to 

Y6 

Year Change in gender-

specific and co-ed 

intramurals 

Indicator variable for 

gender-specific and 

co-ed intramural 

change in Y6 

Indicator variable for 

gender-specific and 

co-ed intramural 

change in Y7 

Y5 Added Co-ed No Change No Change 

Y6 Added Co-ed Added Co-ed No Change 

Y7 Added Co-ed No Change Added Co-ed 
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Chapter 5.0 Study 1 

A quasi-experimental examination of how changes in school-level intramurals are 

associated with physical activity among a sample of Canadian secondary school students 

from the COMPASS Study 
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5.1 Abstract 

Introduction: Intramurals in schools may encourage physical activity among youth. Schools are 

continuously making changes to these intramurals, yet it is not well understood how these 

changes impact youth physical activity. The main objective of this research was to examine if 

changes in the number of intramurals were associated with youth physical activity over time with 

a secondary objective to explore the association between sport participation and physical activity 

among youth over time.  

Methods: This study used three years of linked longitudinal school- and student-level data from 

Ontario schools in year 5 (Y5: 2016-2017), year 6 (Y6: 2017-2018) and year 7 (Y7: 2018-2019) 

of the COMPASS study.  Data on intramurals from 55 schools were collected from the School 

Programs and Policies questionnaire to determine intramural changes that were made from Y5 to 

Y6. Using the COMPASS Student Questionnaire, baseline demographics were collected and data 

on physical activity and sport participation were measured at Y5, Y6 and Y7 on 4417 students. 

Hierarchical linear mixed regression models were used to estimate how changes in intramurals 

were associated with youth physical activity over time.  

Results: Changes in school-specific intramurals were not significantly associated with physical 

activity over time. Intramural, varsity and community sport participation were all positively and 

significantly associated with youth physical activity among female and males. 

Conclusions: Intramural, varsity and community sport participation are important opportunities 

for youth physical activity. Schools should offer a variety of intramural and varsity sports to 

encourage physical activity. Although adding intramurals may not be effective at increasing 

youth physical activity, they may be effective when used in combination with other strategies to 

increase physical activity. 
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5.2 Introduction 

Moderate-to vigorous-intensity physical activity (MVPA) is associated with numerous 

short- and long-term physical and mental health benefits for youth. Specific to physical benefits, 

MVPA is positively associated with healthy development by promoting healthy musculoskeletal 

and cardiovascular development among youth (7,8) and helps reduce the risk of future diseases 

such as heart disease, cancer and type 2 diabetes.(8,9) Relating to mental health, among youth, 

MVPA is associated with higher academic performance (13,14) and social development,(7) and 

may reduce symptoms of anxiety and depression.(8,9) Higher intensity physical activities are 

more strongly associated with these health benefits compared to lower intensity activities,(15) 

however all physical activity of various intensities, durations and patterns (sporadic and 

continuous) are associated with health benefits.(15) This highlights that modest changes in 

physical activity behaviours among youth could result in the short- and long-term physical and 

mental health benefits. 

The Canadian 24-Hour Movement Guidelines for Children and Youth recommend that 

youth aged 5-17 accumulate at least 60 minutes of MVPA per day, however only about one-third 

of Canadian youth are meeting these MVPA recommendations.(12,19–21) This may be 

explained by the general decline in physical activity levels and increases in sedentary behaviour 

that are often observed in adolescence.(26,27)  

Youth are an important target population for physical activity programs because the 

majority are not meeting the physical activity guidelines (12,19–21) and their physical activity 

levels tend to decrease as they age.(26,27) Additionally, in adolescence, habitual health 

behaviours such as physical activity and sedentary behaviour are developed and formed 

(16,22,24,25) presenting the opportunity for programs to help establish physical activity habits 
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that can be maintained into adulthood.(31,40)  Schools are an ideal setting to offer physical 

activity programming because the majority of Canadian children and youth are enrolled in 

elementary or  secondary school (44) and they spend 6-7 hours per weekday in school.(45) 

School-based physical activity programs provide youth an opportunity to be physically active 

while reducing potential barriers (e.g., socioeconomic status and athletic ability) that may 

prevent some youth from participating in extracurricular physical activities such as community 

sports.(49) Intramural (intra-scholastic) sports are an inclusive example of school-based physical 

activity programming because they are generally less competitive and are more accessible 

compared to varsity (inter-scholastic) sports because they are available to all students regardless 

of skill level and typically do not require a fee to participate.(68) Participation in intramural 

sports is positively associated with MVPA (69,72,73) and is associated with lower screen time 

and sedentary behaviour.(81) Lastly, participating in sports in adolescence is positively 

associated with physical activity in adulthood,(31,77,78) highlighting the potential longitudinal 

health benefits of youth intramural sport participation.  

With ongoing changes to the funding provided to schools for physical activity 

programs,(125) there are continuous changes made to school-level physical activity 

programming. These continuous changes can be considered as natural experiments, as they are 

interventions that are implemented with no manipulation by the researcher.(102,103)  It is 

important to evaluate these natural experiments to determine how these changes in school 

physical activity programs affect youth physical activity, and to ultimately provide schools with 

evidence to inform their offering of these programs. With the inclusive and accessible nature of 

intramurals, their positive association with physical activity and the low cost to offer these 

programs, it is important to evaluate how changes in intramurals are associated with youth 
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physical activity. To our knowledge, there is limited research examining how changes in school-

level intramurals are associated with youth physical activity.(45) Therefore, the main purpose of 

this study was to examine if changes in the number of intramurals offered were associated with 

MVPA over time. A secondary objective of this research was to explore the association between 

sport participation and physical activity among youth over time. This study aims to fill this 

research gap and to provide a longitudinal quasi-experimental evaluation of how changes in 

intramurals are associated with youth physical activity in Canadian secondary schools. This 

research will provide schools with practice-based evidence to inform their offerings of 

intramurals to maximize participation and physical activity among students.(106)  

5.3 Materials and Methods 

5.3.1 Design 

The COMPASS study is a school-based prospective cohort study that collects 

longitudinal student- and school-level data from a convenience sample of students (grade 9-12) 

and the secondary schools they attend in Alberta, British Columbia, Ontario and Quebec.(109) 

Students within schools were recruited using an active-permission passive consent procedure as 

this approach limits self-selection and response biases.(109,113) The COMPASS study collects 

student-level data on a variety of health behaviours and collects school-level data on the 

programs, policies and built environment over time through annual school data collections.(109) 

Data from the COMPASS study are used to evaluate how changes in school programs, policies, 

and/or the built environment are related to changes in youth health behaviours over time.(109)   

Changes in intramurals are considered a natural experiment, and a longitudinal quasi-

experimental design was used to evaluate how these changes associate with youth MVPA over 

time. The longitudinal quasi-experimental design involves pre- and post-intervention measures 
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from non-randomized intervention and control groups.(102) In this study, student-level data on 

the outcome were collected from the COMPASS host study at pre-intervention (Year 5), 

intervention (Year 6) and post-intervention (Year 7) time points and were compared between 

non-randomized intervention and control groups, that were classified by their changes to 

intramurals. The longitudinal quasi-experimental design is considered the gold standard research 

methodology in natural experimental studies.(102) Important school- and student-level 

covariates were measured and controlled for through both stratification and adjustment to 

mitigate bias due to confounding from lack of randomization.(102)  

A full description of the COMPASS study methods can be found in print (109) or online 

(www.compass.uwaterloo.ca). All procedures were approved by the University of Waterloo 

Office of Research Ethics (reference number 30118) and appropriate school board committees. 

5.3.2 Participants  

This study used three years of linked longitudinal school- and student-level data from 

Ontario schools in year 5 (2016-2017), year 6 (2017-2018) and year 7 (2018-2019) of the 

COMPASS study.  Schools in Alberta, British Columbia and Quebec were excluded from this 

study because of differences in provincial physical activity policies and programs and small 

school-level sample sizes at baseline. Schools were only included in the sample if they 

participated in data collection in year 5 (Y5), year 6 (Y6) and year 7 (Y7) and had complete data 

on intramurals for these years. Students from these schools who were in grade 9 and 10 at Y5 

with linked data across all three of the time points were included in the study, as students who 

were in grade 11 or 12 in Y5 or students in grade 9 that were newly admitted into the study in Y6 

or Y7 were not able to be successfully linked for all 3 years, and were therefore not included in 

the sample.  
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A total of 5514 students were linked over the three-year study period (Y5, Y6 and Y7). 

The main reasons for non-linkage were students transferring schools, students not providing data 

for grade in Y5 or Y6, students who were absent or had a scheduled spare during the time of Y5 

or Y6 data collection, those who left secondary school early, or inaccurate data provided to link 

measures on the Cq. Details on the methods of COMPASS data linkage are available 

elsewhere.(126) Only students with: (1) complete data on all covariates and (2) complete data or 

monotone missingness on the outcome were included in the analysis (n=4417). The response rate 

for our study’s inclusion criteria among the 55 schools was 76% in Y5, 79% in Y6 and 78% in 

Y7.   

5.3.3 Data Collection 

5.3.3.1 School-Level Data (SPP Questionnaire and Statistics Canada Data) 

School-level data were collected using the COMPAS School Policies and Practices 

Questionnaires (SPP). The SPP is an online survey completed by a school administrator (e.g., 

principal, guidance councillor, or teacher) that is most knowledgeable about the programs and 

policies within the school. School-level demographic data were collected from the from the 2016 

Census. All school-level covariates were measured at baseline (Y5).  

5.3.3.1.1 Predictor: 

Changes in intramurals from Y5 to Y6 was determined by asking school contacts to “Please 

select the intramural programs/club activities involving physical activity that were offered to 

students at your school during the past 12 months.” The intramural program selections include a 

variety of activities including team sports (e.g., soccer, basketball) and individual activities (e.g., 

yoga, running club). School contacts were also asked to indicate whether the intramural offerings 
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were for females only, males only, or co-ed and there was space to indicate any activities not 

listed. Changes in intramurals from Y5 to Y6 were determined by comparing intramural data 

from in Y5 to Y6. Schools made many changes from Y5 to Y6, and to ensure cell counts were 

large enough, these changes were categorized into three main groups (1) schools that added and 

removed the same number of intramural programs, (2) schools that added more programs than 

removed, or added programs only and (3) schools that removed more programs than added, or 

removed programs only. These groups were then coded into the following categories: (1) no net 

change, (2) primarily added programs and (3) primarily removed programs (reference).  

5.3.3.1.2 Covariates: 

Changes in physical activity programs: School-level SPP data were used to assess whether 

schools made any other relevant changes to programs that may affect MVPA and/or intramural 

participation. Data on these programs were compared between Y5 and Y6 and the variable was 

categorized as either: “no changes in physical activity programs”, “added physical activity 

programs” or “removed physical activity programs”.  

School neighbourhood median income in Y5: Data on the median income of school are based on 

the median income of the area surrounding the school. This variable is continuous and was 

determined using school postal code and household income data from the 2016 Canadian Census 

data.(118)  

School size in Y5: Data on the size of each school are based on the number of students attending 

the school. This was determined by the response on the SPP and is a continuous variable. 

Number of intramurals in Y5: The number of intramurals offered in the 2016-2017 year is a 

continuous variable calculated by examining the intramural data on Y5 of the SPP.  
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5.3.3.2 Student-Level Data (COMPASS Questionnaire) 

The student-level data were self-reported using the COMPASS questionnaire (Cq) that is 

administered during class time. Based on previous research, there are many sociodemographic 

and behavioural characteristics that are associated with the outcome of MVPA. Many of these 

characteristics are measured by the Cq and were included in the model as covariates. MVPA, 

varsity, community and intramural sport participation were measured at all three time points (Y5, 

Y6 and Y7) while the remaining covariates were measured at baseline (Y5). 

5.3.3.2.1 Outcome: 

MVPA in Y5, Y6 and Y7: The Cq asks students to record their daily time (hours and/or minutes) 

spent engaging in hard and moderate physical activity each day for the last 7 days (e.g., Monday-

Sunday) and includes all physical activity during physical education class, lunch, after school, 

evenings and spare time. The average combined moderate and vigorous activity per day is a 

variable derived by summing the total time in minutes of moderate physical activity for each day 

(Monday-Sunday) and the total time in minutes of hard (vigorous) physical activity for each day 

(Monday-Sunday) and dividing this sum by 7 days. The result is a continuous variable for 

MVPA.  

5.3.3.2.2 Covariates: 

Gender in Y5: Data on gender are measured by asking “Are you male or female?” The responses 

were coded into two categories: Female (Reference) and Male. 

Grade in Y5: Data on the age of students are measured by asking “What grade are you in?” The 

responses were coded as Grade 9 (Reference) and Grade 10.  
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Ethnicity in Y5: Data on the ethnicity of students are measured by the question “How would you 

describe yourself?”. To ensure adequate cell counts ethnicity was coded as White (reference) and 

Other.  

Weekly spending money in Y5: Weekly spending money is proxy measure of socioeconomic 

status and is measured by asking “About how much money do you usually get each week to 

spend on yourself or to save? (Remember to include all money from allowances and jobs like 

babysitting, delivering papers, etc.)”, and was coded as “Zero” (Reference), “$1-$20”, “$21-

$100” and “$100+”.  

Varsity sport participation in Y5, Y6 and Y7: Varsity sport participation is measured each year by 

the question “Do you participate in competitive school sports teams that compete against other 

schools? (e.g., junior varsity or varsity sports)”, followed by the options of “No” (Reference) and 

“Yes”.  

Community Sport Participation in Y5, Y6 and Y7: Community sport participation is measured 

each year by asking “Do you participate in league or team sports outside of school?” and is 

followed by the options of “No” (Reference) and “Yes”. 

Intramural Participation in Y5, Y6 and Y7: Intramural participation is measured each year by 

asking students “Do you participate in before-school, noon hour, or after school physical 

activities organized by your school? (e.g., intramurals, non-competitive clubs)”, and is followed 

by the options of “No” (Reference) and “Yes”. 

5.3.4 Data Analysis 

All analyses were performed in SAS 9.4 (SAS Institute, Cary, NC). Descriptive school-

level (N=55) and student-level characteristics (N=4417) were calculated. Chi-Square was used to 
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examine exploratory differences between female and male students on the student-level 

characteristics at baseline. 

An empty linear mixed regression model was used to estimate the intraclass correction 

(ICC) to determine the variability in MVPA among schools. Linear mixed regression models 

were used via PROC MIXED to model whether changes in intramurals in Y5 to Y6 were 

associated with longitudinal MVPA and were stratified by sex. These models were hierarchical 

to account for clustering of students within schools and students over time. These models also 

controlled for the following relevant student-level factors: grade, ethnicity, weekly spending 

money, intramural participation, varsity sport participation, community sport participation, and 

the following school-level factors: changes in physical activity programs, number of intramurals 

in Y5, school size, and school neighbourhood median income. A novel modeling approach to 

program evaluation was utilized to create indicator variables representing the yearly intramural 

change: (i) intramural change in year 6 and (ii) intramural change in year 7. These indicator 

variables were included in the model and allowed for the assessment of their effect at those 

respective years. For year 7, the effect of intramural change was assessed under the supposition 

that changes from year 6 could continue (in a similar manner) onto year 7. This research 

intended to evaluate how changes in schools’ intramural offerings from Y5 to Y6 were 

associated with youth MVPA over time, so supposing the changes from Y5 to Y6 onto Y7 was 

reasonable to meet this objective. This novel modeling approach has been used in other research 

to assess changes in provincial policies on health outcomes (122) and to assess changes in the 

environment on alcohol use, (123) tobacco and cannabis use (124) over time. The non-

randomized intervention groups included schools classified as: (1) no net change and (2) 
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primarily added programs, and the non-randomized comparison group included schools 

classified as (3) primarily removed programs (reference). 

5.4 Theory 

The socio-ecological model (SEM) is a theoretical framework used to understand how 

multidimensional factors interact to influence behaviour.(127) This model highlights how 

proximal (e.g., individual, interpersonal) and distal (e.g., environmental and organizational) 

factors interact to influence physical activity.(127) There are many integrated factors 

determining youth physical activity behaviours,(95) however, an important environmental factor 

associated with youth physical activity continues to be the school environment.(51) As a 

modifiable factor, it is important to study the effect of the school environment (e.g., intramural 

changes) on youth physical activity.  

5.5 Results 

5.5.1 School-Level Descriptive Statistics 

The characteristics of the school-level sample are presented in Table 4. Most schools in 

the sample reported primarily adding intramurals from Y5 to Y6 (n=35), while 17 schools 

reported primarily removing programs and 3 schools reported no net change. Only 5 schools 

reported changes in physical activity programs from Y5 to Y6, and all 5 reported adding 

programs, as opposed to removing them. The mean school median income was $69,804 

(SD=$15,404.29) and the mean school size was 670 students (SD=289).  The mean number of 

intramurals offered in Y5 was 5.38 (SD=4.12).  

Table 4: Descriptive Statistics for School-Level Characteristics for the sample (n=55) from Year 
5 (2016-2017) of the COMPASS study  

Variable Freq/Mean %/SD 
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Changes in 

Intramurals 

Primarily Removed 

(Ref) 

17 30.9 

No Net Change 3 5.5 

Primarily Added 35 63.6 

 

Changes in Other 

Physical Activity 

Programs 

 

 

No Change (Ref) 

50 90.9 

Added Programs 5 9.1 

 

School Neighbourhood Median Income 

 

$69, 804 $15,404.3 

 

 

School Size 

669.2 288.1 

 

 

Number of Intramurals Offered in Y5 

 

5.4 4.12 

 

 

5.5.2 Student-Level Descriptive Statistics 

The characteristics of this sample can be found in Table 5 and 6. As shown, 54% 

(n=2402) of the sample was female and 73% (n=3210) were white. Most students (43%, n=1875) 

reported $1-$20 in weekly spending money at baseline. Intramural participation among female 

students was 38% in Y5, 36% in Y6 and 33% in Y7. Among male students, intramural 

participation was 39% in Y5, 37% in Y6 and 36% in Y7. Both male and female students 

participated in less average daily MVPA over time, with females accumulating 105 minutes 

(SD=66) in Y5, 97 minutes (SD=64) in Y6 and 89 minutes (SD=61) in Y7 while males 

accumulated an average of 117 minutes (SD=68) in Y5, 109 minutes (SD=68) in Y6 and 102 

minutes (SD=65) in Y7. 



54 
 

Table 5: Descriptive Statistics for Baseline Student-Level Characteristics for the sample 
(n=4417) from Year 5 (2016-2017) of the COMPASS study  

Variable Total 

n=4417 

Female (Ref) 

n=2402 (54%) 

Male 

n=2015 

(46%) 

 

Counts (%) Counts (%) Counts (%) DF Chi-

Square 

P-

Value 

Grade Grade 9 

(Ref) 

2434 (55.1) 1335 (55.6) 1099 (54.5)  

1 

1.431 0.232 

Grade 

10 

1983 (44.9) 1067 (44.4) 916 (45.5) 

Ethnicity White 

(Ref) 

3210 (72.7) 1744 (72.6) 1466 (72.8)  

1 

0.036 0.849 

Other 1207 (27.3) 658 (27.4) 549 (27.2) 

Weekly 

Spending 

Money 

Zero 

(Ref) 

1130 (25.6) 541 (22.5) 589 (29.2)  

 

3 

107.4002 <.0001 

$1-$20 1875 (42.5) 1062 (44.2) 813 (40.3) 

$21-

$100 

1065 (24.1) 628 (26.1) 437 (21.7) 

$100+ 347 (7.9) 171 (7.1) 176 (8.7) 

Percent values may not equal 100 due to rounding. 
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Table 6: Descriptive Statistics for Time-Varying Student-Level Characteristics for the sample (n=4417) from Year 5 (2016-2017), Y6 
(2017-2018) and Y7 (2018-2019) of the COMPASS study  

Variable Total 

n=4417 

Female (Ref) n=2402 Male n=2015 

Year 5 Year 6 Year 7 Year 5 Year 6 Year 7 Year 5 Year 6 Year 7 

Counts 

(%) 

Counts 

(%) 

Counts 

(%) 

Counts 

(%) 

Counts 

(%) 

Counts 

(%) 

Counts 

(%) 

Counts 

(%) 

Counts 

(%) 

Intramurals No 

(Ref) 

2733 

(61.9) 

2813 

(63.7) 

2903 

(65.7) 

1494 

(62.2) 

1542 

(64.2) 

1616 

(67.3) 

1239 

(61.5) 

1271 

(63.1) 

1287 

(63.9) 

Yes 1684 

(38.1) 

1604 

(36.3) 

1514 

(34.3) 

908 

(37.8) 

860 

(35.8)38 

786 

(32.7) 

776 

(38.5) 

744 

(36.9) 

728 

(36.1) 

Varsity No 

(Ref) 

2568 

(58.1) 

2529 

(57.3) 

2688 

(60.9) 

1464 

(60.9) 

1447 

(60.2) 

1558 

(64.9) 

1104 

(54.8) 

 

1082 

(53.7) 

1130 

(56.1) 

Yes 1849 

(41.9) 

1888 

(42.7) 

1729 

(39.1) 

938 

(39.1) 

955 

(39.8) 

844 

(35.1) 

911 

(45.2) 

933 

(46.3) 

885 

(43.9) 

Community No 

(Ref) 

2109 

(47.7) 

2394 

(54.2) 

2781 

(63.0) 

1218 

(50.7) 

1377 

(57.3) 

1599 

(66.6) 

891 

(44.2) 

1017 

(50.5) 

1182 

(58.7) 

Yes 2308 

(52.3) 

2023 

(45.8) 

1636 

(37.0) 

1184 

(49.3) 

1025 

(42.7) 

803 

(33.4) 

1124 

(55.8) 

998 

(49.5) 

833 

(41.3) 

 Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 
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MVPA (min/day)* 110 (67) 

n=4417 

102 (66) 

n=4414 

95 (64) 

n=4375 

105 (66) 

n=2402 

97 (64) 

n=2400 

89 (61) 

n=2380 

117 (68) 

n=2015 

109 (68) 

n=2014 

102 (65) 

n=1995 

*Note that the sample sizes for MVPA in Y6 and Y7 are different compared to baseline as well as Y6 and Y7 of other covariates. This 

is because some subjects included in the model are missing MVPA data in Y6 and Y7 (i.e., monotone pattern). 
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5.5.3 Results from Longitudinal Mixed Models 

Based on the ICC, school-level differences accounted for 1.91% of the variability in 

MVPA among females and 2.09% among males, suggesting modest differences between schools 

on MVPA. Results from the linear mixed models are presented in Table 7. Female and male 

students in grade 10 at baseline accumulated significantly less daily MVPA minutes on average 

compared to students in grade 9 at baseline (Females: 𝛽 =-8.391, p<0.001, Males: 𝛽 = -7.307, 

p<0.001). Year was negatively associated with MVPA for both females and males, although this 

relationship was only significant for females (Females 𝛽 = −7.255, p=0.004, Males 𝛽 =

−1.080, p=0.698). Females participating in intramurals accumulated an average of 4.987 more 

daily minutes of MVPA (p=0.003) and males accumulated an average of 9.709 more daily 

minutes of MVPA (p<0.001) compared to females and males not participating in intramurals 

respectively. Female and male students reporting varsity sport participation accumulated 

significantly more average daily MVPA minutes compared to their non-participating 

counterparts (Females: 𝛽 = 16.128 p<0.001, Males: 𝛽 = 18.020, p<0.001). Females participating 

in community sports achieved an average of 26.060 more minutes of MVPA per day (p<0.001) 

and males accumulated an average of 20.267 more minutes of MVPA per day (p<0.001) 

compared to females and males not participating in community sports respectively. 

Primarily adding intramurals had a positive but non-significant association with female 

MVPA in Y6 and a non-significant negative association with male MVPA in Y6 regardless of 

whether youth participated in intramurals, compared to schools that primarily removed 

intramurals (Females: 𝛽 = 4.810 p=0.065, Males: 𝛽 = − 2.087, p=0.480). Schools that made no 

net changes to intramurals were positively, but non-significantly associated with both female and 

male MVPA in Y6 regardless of whether youth participated in intramurals, both compared to 
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schools that primarily removed intramurals (Females: 𝛽 = 2.248 p=0.484, Males: 𝛽 = 5.133, 

p=0.147). 

Next, assuming the intramural changes in Y6 were maintained in Y7, their effect on 

MVPA in Y7 was estimated for female and male students. If the schools that primarily added 

intramurals maintained these changes in Y7, it was estimated to have a positive yet non-

significant effect on MVPA among females in Y7 (𝛽=3.135, p=0.230) and a negative and non-

significant effect on MVPA among males in Y7 (𝛽= -0.666, p=0.822).  If schools that made no 

net changes to intramurals maintained this change into Y7, it was estimated to have a negative 

and non-significant effect on MVPA among females in Y7 (𝛽= -1.489, p=0.783) and a positive 

and non-significant effect on MVPA among males in Y7 (𝛽= 8.758, p=0.138). 
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Table 7: Linear Mixed Models examining the association between changes in intramurals in Y6 on MVPA in Y6 and Y7 of the 
COMPASS Study stratified by gender 

Variable Female n=2402 Male n=2015 

Estimate 95% CI p-

value 

Estimate 95% CI p-

value 

Effect of Intramural 

Change on MVPA in 

Y6 

Primarily Removed 

(Ref)  

— — — — — — 

Primarily Added  4.810 -0.289-9.909 0.065 -2.087 -7.876-3.702 0.480 

No Net Change  

 

2.248 -4.044-8.540 0.484 

 

5.133 -1.800-12.066 0.147 

Effect of Intramural 

Change on MVPA in 

Y7 

Primarily Removed 

(Ref)  

— — — — — — 

Primarily Added  3.135 -1.979-8.248 0.230 -0.666 -6.468-5.135 0.822 

No Net Change  -1.489 -12.056-9.079 0.783 8.758 -2.817-20.333 0.138 

Grade Grade 9 (Ref) — — — — — — 

Grade 10 -8.391 -12.093- -4.689 <.001 -7.307 -11.431- -3.183 <0.001 

Year -7.255 -12.244- -2.266 0.004 -1.080 -6.538-4.378 0.698 

Intramural Sport 

Participation  

No (Ref) — — — — — — 

Yes 4.987 1.753-8.221 0.003 9.709 6.031-13.386 <.001 

Varsity Sport 

Participation 

No (Ref) — — — — — — 

Yes 16.128 12.474-19.782 <.001 18.020 13.919-22.120 <.001 
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Community Sport 

Participation 

No (Ref) — — — — — — 

Yes 26.060 22.760-29.360 <.001 20.267 16.477-24.057 <.001 

Models controlled for changes in physical activity programs in Y6, median school neighbourhood income in Y5, school enrolment in 

Y5, number of intramurals in Y5, ethnicity and weekly spending money. Values significant at 𝛼 =0.05 are bolded.   
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5.6 Discussion 

To our knowledge, this was the first study to evaluate how changes in intramurals were 

associated with MVPA over time. We explored this association using a large sample of linked 

longitudinal data, and employed an innovative methodology that allowed us to examine how the 

effect of changes in intramurals affected MVPA in Y6 and into Y7, under the assumption these 

changes were maintained from Y6. Our results suggest that youth MVPA declines over time and 

changes in intramurals did not significantly protect youth against this negative trend in MVPA. 

Despite these results, this study contributes to our understanding of how real-world changes in 

intramurals affect MVPA over time.  

Female and male students in grade 10 at baseline accumulated significantly less daily 

MVPA minutes compared to those in grade 9 at baseline. Cross-sectional research using 

objective measures of physical activity have found similar results, as younger youth accumulated 

significantly more MVPA compared to older youth.(19,20) Additionally, our findings are 

consistent with other studies that have observed decreases in MVPA as youth progress from 

grade 9 to grade 10 (128) and throughout the rest of high school.(129) Year was negatively 

associated with MVPA for both female and male students, however this association was only 

significant among females. This general decrease in MVPA over time is consistent with 

longitudinal research using self-report (28–32) and objective (26,27) measures of physical 

activity. This association was only significant in female students which may be explained by the 

greater decline in physical activity that is generally observed in females compared to males over 

time.(35,36)   

Participation in intramural, varsity and community sports were all significantly and 

positively associated with MVPA for both males and females. These associations have been 
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observed in other research as intramural,(70,72,73) varsity (72,73) and community (72,77,96,97) 

sport participation are all positively associated with youth MVPA. These sports are all 

opportunities for youth to be physically active which is an important predictor of youth physical 

activity.(71,95,97)   

The innovative modeling method used in this study allowed us to examine how 

intramural change impacts students’ MVPA over time. The associations between intramural 

change and MVPA were non-significant for both female and male youth, regardless of whether 

students reported participating in these programs. These results suggest that changes in school-

level intramurals do not have an effect on MVPA and that perhaps adding intramurals is not an 

effective method to increase MVPA among students. Previous research has echoed this and 

suggests that school-based physical activity programs are most effective at increasing student 

MVPA when they are multifaceted. For example, physical activity programs that integrate a 

combination of curriculum, policy, environmental, community and parental strategies have 

shown most effective in improving youth physical activity.(48,52) Although not effective at 

increasing MVPA on their own, policies to increase intramural programming could be an 

important part of a more comprehensive school-based physical activity strategy.(130,131) 

Changes in intramurals were not associated with MVPA, however it is important to highlight that 

these changes may impact intramural participation, which we did not examine in this research. 

Intramural participation is associated with a multitude of health benefits including improved 

mental health,(8,9) improved academic performance,(13,14) increased socialization,(7) reduced 

substance use,(132) and sport sampling,(31,74–80) and research examining how school-based 

intramurals associate with intramural participation is warranted.     
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It is also important to note that this study did not consider additional details about the 

intramural changes that may be important for youth MVPA. For example, past research 

examining MVPA and sport participation has shown that some intramurals generate more 

MVPA compared to others, and that team sports are generally associated with more MVPA 

compared to individual activities.(87,110)  Perhaps the positive intramural changes in our study 

were primarily to lower-intensity or individual-based sports, and/or the negative intramural 

changes were primarily made to higher-intensity or team-based sports, potentially explaining our 

non-significant findings. Recent research found that adding team and individual intramurals were 

positively associated with female MVPA, regardless of intramural participation,(133) which 

underscores the importance of examining types of intramural changes on youth MVPA. These 

results suggest an indirect effect between changes in intramurals and MVPA, and may be 

explained by the fact that adding team and individual intramurals fosters a supportive physical 

activity environment and addresses important proximal factors associated with female MVPA. 

(88,89,134–138) Additionally, we did not consider whether the intramural changes were to 

female-only, male-only or co-ed intramurals. Classifying intramurals by gender-offering is 

important in physical activity research, as it has been shown to influence intramural participation 

and potentially MVPA. For example, females attending schools with female-only intramurals 

were more likely to participate in intramurals compared to females attending schools without 

such programs,(94) therefore female-only intramurals may generate higher levels of physical 

activity among females compared to co-ed programs.(69,70,72,73)  

Future studies should aim to further classify intramural changes by intensity and gender-

offering to account for the potential differentiating effects of these on MVPA. This research 

future would enhance our understanding of how changes in intramural programs are associated 
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with MVPA, and would better aid in school-level decision making. Additionally, future research 

should seek to understand how intramural programs affect intramural participation over time to 

account for the numerous benefits of participation apart from physical activity.  

5.6.1 Limitations 

Firstly, schools were recruited using convenience sampling which may limit the 

generalizability of the results. However, the COMPASS study has a large sample size and 

utilizes active-information, passive-consent protocol to encourage participation and honest 

response.(113) This recruitment method has been shown to limit self-selection and response 

biases and generate more robust results.(109) Secondly, we did not examine changes in the type 

of intramural programs (e.g., team and individual) and gender-offering (e.g., female-only, male-

only and co-ed) in our analysis. Team and individual intramurals are differentially associated 

with MVPA, as team sports typically generate more MVPA among youth compared to individual 

sports. Also, the gender-offering of intramural programs should be considered, as this affects 

participation and potentially physical activity. Thirdly, because schools make many intramural 

changes each year, the intervention groups may have been diluted (e.g., primarily added versus 

added only), making the association between these changes and MVPA difficult to measure. 

Lastly, it is possible that this study was under-powered at the school-level to detect associations 

between changes in intramural programs on MVPA over time. 

5.7 Conclusion 

The results of this study highlight the important effect that intramural, varsity and 

community sport participation have on youth MVPA, as participation in these sports were 

positively associated with youth MVPA. Schools should consider offering a variety of varsity 

and intramural sports to encourage physical activity among their student population. Although 
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not effective at increasing MVPA on their own, intramurals could be an important part of a more 

comprehensive school-based physical activity strategy. When considering changes to intramural 

programs, schools should consider participation rates and offer intramurals that will engage a 

large proportion of students, including those at high risk for physical inactivity. Sport 

participation in youth is a predictor for physical activity later in life, therefore it is important for 

schools to offer a variety of sports at the intramural and varsity levels to accommodate students 

with a wide range of interests and athletic abilities. 
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6.1 Abstract  

(1) School-based physical activity programs such as intramurals provide youth with 

inclusive opportunities to be physically active, yet we know little about how types of intramurals 

(e.g., team and individual sports) may contribute to youth MVPA. This research aims to evaluate 

how real-world changes in types of intramurals available in schools impact youth physical 

activity over time. (2) This study used three years of longitudinal school- and student-level data 

from Ontario schools participating in year 5 (2016–2017), year 6 (2017–2018) and year 7 (2018–

2019) of the COMPASS study. Data on types of intramural programs from 55 schools were 

obtained, baseline demographic characteristics were measured and data on physical activity and 

sport participation were collected on a sample of 4417 students. Hierarchical linear mixed 

regression models were used to estimate how changes in the type of intramurals associate with 

youth MVPA over time. (3) Regardless of participation, adding individual and team intramurals 

was significantly and positively associated with female MVPA in Y6. (4) The indirect, but 

positive relationship between adding individual and team intramurals and female MVPA may be 

explained by other characteristics of the school environment that are conducive to female 

MVPA. 

 

Keywords: intramurals, school physical activity, team intramurals, individual intramurals, 

adolescence, youth, students 
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6.2 Introduction  

Moderate-to-vigorous physical activity (MVPA) is positively associated with physical 

and mental health among youth and is important in healthy development and disease prevention. 

(8,9) Despite these benefits, only one-third of Canadian youth are meeting the Canadian 

guidelines of at least 60 minutes of MVPA per day,(19–21) and MVPA tends to decrease in 

youth as they age.(26,27) Physical inactivity is a major modifiable behavioural risk factor for 

premature mortality and lost life expectancy,(41–43) and small increases in physical activity can 

have a positive impact on current health and the future risk of disease.(15) As a leading 

modifiable risk factor for disease and mortality, interventions targeting physical inactivity should 

be a public health priority to reduce the population-level health burden in future years.  

Youth are an important target for physical activity interventions, because health 

behaviours (e.g., physical activity, sedentary behaviour and diet) continue to shape and form 

during this time.(16,22,24,25) As highlighted in the social ecological model, the environment is 

an important factor influencing health behaviour.(127) Of particular interest is the school-

environment because school-level programs, policies and the built environment all interrelate to 

influence youth physical activity behaviour.(70,139,140) School-based physical activity 

programs can effectively target physical inactivity,(48,131) especially if these programs are 

inclusive and accessible to a large proportion of the youth population.(55) Intramurals (e.g., 

intra-scholastic sports ) are played or participated in by students within the same school, and are 

an example of such inclusive programs, as these activities typically do not involve a fee or a high 

level of skill to partake in.(68) 

Participation in intramurals is positively associated with youth physical activity, 

(69,70,72,73) however there is limited knowledge on how these programs affect MVPA over 
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time. Not only is the longitudinal effect of intramurals on youth MVPA not well understood, but 

there are different types of intramurals, including individual activities (e.g., yoga, running club) 

and team activities (e.g., soccer, tennis), which may differentially affect youth physical activity. 

Previous research suggests that individual and team sports have different effects on female and 

male sport participation, as female youth are more likely to participate in individual sports, while 

males are more likely to participate in team sports.(85,110) Additionally, participation in team 

sports is generally associated with more physical activity compared to individual sports,(87,110) 

highlighting that types of intramurals may have differential effects on physical activity.  

There is a paucity of literature available to help inform schools on which intramural 

options provide an effective impact on improving student physical activity levels. However, in 

real-world practice, schools continue to add and remove a variety of different intramural 

programs regardless of the lack of scientific evidence guiding those decisions. This creates a 

unique opportunity to generate practice-based evidence by evaluating the impact that these 

ongoing real-world changes to intramurals have on student physical activity within the context of 

a natural experiment.(102) As such, this research aims to use a natural experimental study design 

to evaluate how ongoing changes in school-level individual and team intramurals impact female 

and male youth MVPA over time. The results from this study will provide practice-based 

evidence that can be used by schools to help inform the offering of intramurals, to ultimately 

increase participation and physical activity among the youth population.   

6.3 Materials and Methods 

6.3.1 Study Design  

The COMPASS study is a 9-year prospective cohort study (2012–2021) collecting 

hierarchical and longitudinal data from a convenience sample of secondary school students and 
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the schools they attend in Alberta, British Columbia, Ontario and Quebec.(109) This study used 

COMPASS host study data from the 55 Ontario schools that participated in Year 5 (Y5 2016–

2017), Year 6 (Y6 2017–2018) and Year 7 (Y7 2018–2019) of the COMPASS study. Schools in 

Alberta, British Columbia and Quebec were excluded from this study because of differences in 

provincial physical activity programs and policies. Ontario schools (n = 36) were excluded if 

they did not participate across all three years. The COMPASS study used active-information, 

passive-consent parent/guardian permission protocols, and active student assent, where students 

could refuse to participate at any time. Participating students completed the COMPASS student 

questionnaire (Cq), which is a paper-based, self-administered, anonymous survey, in class time 

annually. Senior administration at each participating school completed the School Policies and 

Practice (SPP) questionnaire online annually. Details on the COMPASS host study, including 

sampling and the Cq and SPP data collection tools, are available online 

(www.compass.uwaterloo.ca (accessed on 8 March 2021)). The COMPASS study was approved 

by the Human Research Ethics Board at the University of Waterloo (ORE 30118) and 

appropriate school board and school committees. 

Only students who were in grade 9 (13–14 years old) and 10 (14–15 years old) at baseline 

(Y5) with linked data across all three years were included in the study. A total of 5514 students 

were linked for the three-year study period from the 55 Ontario schools. Main reasons for non-

linkage were students transferring schools, students not providing data on grade in Y5 or Y6, 

students who were absent or had a spare period during the time of Y5 or Y6 data collection, 

those who left secondary school early, or inaccurate data provided to link measures on the Cq. 

Details on the methods of COMPASS data linkage are available elsewhere.(126,141) Only 
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students with: i) complete data on all covariates and ii) complete data or monotone missingness 

on the outcome were included in the analysis for a final sample size of 4,417 students.  

This study utilized a longitudinal quasi-experimental study design, meaning that data on 

the outcome were measured at pre-intervention (Y5), intervention (Y6) and post-intervention 

(Y7) time points and were compared between non-randomized intervention and control 

groups.(102) This design is considered the gold standard research methodology in natural 

experimental studies, and important school- and student-level covariates were measured and 

controlled for through stratification and adjustment to mitigate bias due to confounding from 

lack of randomization.(102) 

6.3.2 Measures 

6.3.2.1 Outcome 

Average daily MVPA was measured for students in Y5, Y6 and Y7 using the Cq. The Cq 

asks students to record their daily time (hours and/or minutes) spent engaging in hard and 

moderate physical activity each day for the last 7 days (e.g., Monday-Sunday) by the following 

two prompts: (1) “Mark how many minutes of HARD physical activity you did on each of the 

last 7 days. This includes physical activity during physical education class, lunch, after school, 

evenings, and spare time” and (2) “Mark how many minutes of MODERATE physical activity 

you did on each of the last 7 days. This includes physical activity during physical education 

class, lunch, after school, evenings, and spare time. Do not include time spent doing hard 

physical activities”. The Cq also provides students with descriptions of moderate and vigorous 

activities to aid with recall. Moderate physical activities are described as “physical activities 

include lower intensity activities such as walking, biking to school, and recreational swimming”, 
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and vigorous physical activities are described as “physical activities include jogging, team sports, 

fast dancing, jump-rope, and any other physical activities that increase your heart rate and make 

you breathe hard and sweat”. These descriptions align with definitions given by Canadian 

Society for Exercise Physiology (CSEP) that are used in physical activity research among 

youth.(2) Average daily MVPA is derived by summing the total time in minutes of moderate 

physical activity for each day (Monday–Sunday) and the total time in minutes of hard (vigorous) 

physical activity for each day (Monday–Sunday) and dividing this sum by 7 days. This self-

reported measure of MVPA on the Cq has demonstrated satisfactory reliability and validity, 

making it an acceptable measure of MVPA in research involving school-age youth.(117,142) 

6.3.2.2 School-Level Predictor: Type of Intramural Change 

Type of intramural change was measured in the Ontario schools by comparing intramural 

data from year 5 (Y5) to year 6 (Y6). The offering of intramurals is distinctly separate from 

physical education and varsity sports. School administrators were asked in Y5 and Y6 to “Please 

select the intramural programs/club activities involving physical activity that were offered to 

students at your school during the past 12 months.” The intramural program selections include a 

variety of activities (e.g., soccer, basketball, yoga, running club) and include spaces for unlisted 

activities. School administrators were also asked to indicate whether the intramural offerings 

were for females only, males only, or co-ed. The intramurals were classified as team or 

individual sports based on the classifications found in Appendix C. Changes in team and 

individual intramurals from Y5 to Y6 were then determined by comparing the number of 

intramural programs offered between these years. Schools made many changes in team and 

individual intramurals from Y5 to Y6 (e.g., added and removed programs), and to ensure cell 

counts were large enough, these changes were categorized into five groups based on the quantity 
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of types of intramural changes: (1) schools that primarily added individual intramurals from Y5 

to Y6, (2) schools that primarily added team intramurals from Y5 to Y6, (3) schools that added 

the same number of individual and team intramurals from Y5 to Y6, (4) schools that added and 

removed the same number of individual and team intramurals from Y5 to Y6, and (5) schools 

that primarily removed team or individuals from Y5 to Y6 (reference). These groups were then 

coded into the following categories: (1) primarily added team, (2) primarily added individual, (3) 

added team and individual, (4) no net change and (5) removed intramurals (reference). Schools 

classified as: (4) no net change, are schools that removed an intramural for every intramural they 

added (e.g., added one team, removed one team and added on individual and removed one 

individual). 

6.3.3.3 Student-Level Correlates 

Student-level sport participation and sociodemographic data that were known to associate 

with the predictor and/or outcome were measured by the Cq and included in the analyses. Data 

on intramural sport participation, varsity sport participation and community sport participation 

were measured at Y5, Y6 and Y7. Intramural sport participation is measured by asking “Do you 

participate in before-school, noon hour, or after school physical activities organized by your 

school? (e.g., intramurals, non-competitive clubs)”, followed by the response options of “No”, 

“Yes” and “None offered at my school”. Varsity sports are competitive sports played between 

students from different schools and typically involve a higher level of skill compared to 

intramurals. Varsity sport participation is measured by asking “Do you participate in competitive 

school sports teams that compete against other schools? (e.g., junior varsity or varsity sports)”, 

followed by the response options of “No”, “Yes” and “None offered at my school”. Community 

sports are competitive and non-competitive sports played by students outside of school. 
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Community sport participation is measured by asking “Do you participate in league or team 

sports outside of school?”, followed by the response options of “No”, “Yes” and “None offered 

where I live”. Responses to all sport participation questions were recoded as “No (reference)” 

and “Yes” to ensure adequate cell counts. Demographic data were measured at baseline using the 

Cq and for the following variables with the corresponding response options in brackets: gender 

[female (ref), male], ethnicity [White, Black, Asian, Indigenous (First Nations, Métis, Inuit) 

Latin American/Hispanic, and Other)] and weekly spending money [0 CAD, 1 CAD to 5 CAD, 6 

CAD to 10 CAD, 11 CAD to 20 CAD, 21 CAD to 40 CAD, 41 CAD to 100 CAD, more than 

100 CAD, I do not know. Ethnicity and weekly spending money were collapsed into the 

following categories to ensure adequate cell count: ethnicity [white (ref), other], weekly 

spending money [Zero (ref), 1–20 CAD, 21–100 CAD and 100+ CAD]. 

6.3.3.4 School-Level Correlates 

School-level covariates that were known to associate with the predictor and/or outcome 

were measured and included in the analyses. The number of intramural programs and school size 

are both continuous variables measured at baseline using the SPP. Data on other school-level 

physical activity programs that may affect MVPA and/or intramural participation were obtained 

from the SPP and compared between Y5 and Y6 to derive the variable changes in physical 

activity programs which was categorized as either: “no changes in physical activity programs”, 

“added physical activity programs” or “removed physical activity programs”. School 

neighbourhood median income was obtained from the 2016 Canadian Census and are based on 

the median income of the area surrounding the school at baseline.(118) 
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6.4 Analyses 

All analyses were performed in SAS 9.4. Descriptive analyses were performed on school- 

(n = 55) and student-level characteristics (n = 4417). Chi-Square was used to examine 

exploratory differences between female and male students on student-level characteristics at 

baseline. An empty linear mixed regression model (i.e., intercept-only model) was used estimate 

the intraclass correlation (ICC) to determine the variability of MVPA between schools. Linear 

mixed models stratified by gender were used to estimate how changes in team and individual 

intramurals in Y5 to Y6 were associated with longitudinal MVPA. These models were 

hierarchical to account for clustering of students within schools and students over time and 

controlled for relevant student (grade, ethnicity, weekly spending money, intramural sport 

participation, varsity sport participation, community sport participation) and school (changes in 

physical activity programs, number of intramurals in Y5, school size, and school neighbourhood 

median income) factors. A novel modeling approach to program evaluation was employed to 

create an indicator variable representing the yearly change in type of intramurals: (i) type of 

intramural change in Y6 and (ii) type of intramural change in Y7. These indicator variables were 

included in the model and allowed for the assessment of their effect on MVPA at the intervention 

year (Y6) and post-intervention year (Y7). For Y7, the effect of type of intramural change was 

assessed under the assumption that changes from Y6 would continue into Y7. This novel 

modeling method has been utilized in previous research to assess changes in provincial policies 

on health outcomes,(122) and to assess how changes in the environment affect alcohol use,(123) 

tobacco and cannabis use (124) over time. 
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6.5 Results 

6.5.1 School-Level Descriptive Statistics  

The characteristics of the school-level sample are presented in Table 8. Specific to the 

change in types of intramurals from Y5 to Y6, 13 schools primarily added individual intramurals, 

17 schools primarily added team intramurals, 5 schools added individual and team intramurals, 3 

schools made no net change to intramurals and 17 schools removed intramurals. Five schools 

reported adding physical activity programs from Y5 to Y6 and no schools reported removing 

programs during this time. The mean school neighbourhood median income was 69,804 CAD 

(SD = 15,404 CAD) and the mean school size in Y5 was 669 students (SD = 288). Schools 

offered an average of 5.4 (SD = 4.1) intramural programs in Y5. 

Table 8: Descriptive Statistics for School-Level Characteristics for the sample (n=55) from Year 

5 and 6 (2016-2017) of the COMPASS Study  

Variable Frequency % 

 

Changes in Types of 

Intramurals from Y5 

to Y6 

Primarily Added 

Individual 

13 23.7 

Primarily Added 

Team 

17 30.9 

Added Individual and 

Team 

5 9.1 

No Change 3 5.5 

Removed Programs 

(Reference) 

17 30.9 
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Changes in Other 

Physical Activity 

Programs from Y5 to 

Y6 

 

 

No Change (Ref) 

50 90.9 

Added Programs 5 9.1 

Removed Programs 0 0 

Variable Mean Standard Deviation 

 

School Neighbourhood Median Income in Y5 

 

$69, 804 $15,404 

Min: $31,763 

Max: $107, 702 

 

School Size In Y5 

669 288 

Min: 136 

Max: 1550 

 

Number of Intramurals Offered in Y5 

 

5.4 4.1 

Min: 0 

Max: 14 

6.5.2 Student-Level Descriptive Statistics 

The baseline demographic characteristics of the student-level sample are presented in 

Table 9 and the time-varying characteristics of the student-level sample are presented in Table 

10. The purpose of these descriptive tables is to empirically observe the student-level categorical 

and continuous variables by presenting the frequency and percent for categorical variables and 

the mean and standard deviation for continuous variables. As shown in Table 11, 54% (n = 2402) 

of the sample were female, 73% (n = 3210) were white and $1-$20 was most frequently (43%, n 
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= 1875) reported amount of weekly spending money. There were significant differences between 

males and females at baseline on weekly spending money (p < 0.0001). Referring to Table 10, 

intramural participation among female students was 38% in Y5, 36% in Y6 and 33% in Y7 and 

39% in Y5, 37% in Y6 and 36% in Y7 among male students. Both female and male students 

participated in lower average daily MVPA over time, with females reporting 105 min (SD = 66) 

in Y5, 97 min (SD = 64) in Y6 and 89 min (SD = 61) in Y7 and males reporting an average of 

117 min (SD = 68) in Y5, 109 min (SD = 68) in Y6 and 102 min (SD = 65) in Y7. 

Table 9: Descriptive Statistics for Baseline Student-Level Characteristics for the sample 

(n=4417) from Year 5 (2016-2017) of the COMPASS study  

Variable Total 

n=4417 

Female (Ref) 

n=2402 (54%) 

Male 

n=2015 

(46%) 

 

Frequency 

(%) 

 

Frequency 

% 

Frequency 

% 

DF Chi-

Square 

P-

Value 

Grade Grade 9 

(Ref) 

2434 (55.1) 1335 (55.6) 1099 (54.5)  

1 

1.431 0.232 

Grade 

10 

1983 (44.9) 1067 (44.4) 916 (45.5) 

Ethnicity White 

(Ref) 

3210 (72.7) 1744 (72.6) 1466 (72.8)  

1 

0.036 0.849 

Other 1207 (27.3) 658 (27.4) 549 (27.2) 
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Weekly 

Spending 

Money 

Zero 

(Ref) 

1130 (25.6) 541 (22.5) 589 (29.2)  

 

3 

107.400 <.0001 

$1-$20 1875 (42.5) 1062 (44.2) 813 (40.3) 

$21-

$100 

1065 (24.1) 628 (26.1) 437 (21.7) 

$100+ 347 (7.9) 171 (7.1) 176 (8.7) 

Percent values may not equal 100 due to rounding. 
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Table 10: Descriptive Statistics for Time-Varying Student-Level Characteristics for the sample (n=4417) from Year 5 (2016-2017), Y6 
(2017-2018) and Y7 (2018-2019) of the COMPASS study  

Variable Total 
n=4417 

Female (Ref) n=2402 Male n=2015 

Year 5 Year 6 Year 7 Year 5 Year 6 Year 7 Year 5 Year 6 Year 7 
Frequency 

(%) 
Frequency 

(%) 
Frequency 

(%)/) 
Frequency 

(%)/ 
Frequency 

(%)/ 
Frequency 

(%) 
Frequency 

(%) 
Frequency 

(%) 
Frequency 

(%) 
Intramurals No 

(Ref) 
2733 
(61.9) 

2813 
(63.7) 

2903 
(65.7) 

1494 
(62.2) 

1542 
(64.2) 

1616 
(67.3) 

1239 
(61.5) 

1271 
(63.1) 

1287 
(63.9) 

Yes 1684 
(38.1) 

1604 
(36.3) 

1514 
(34.3) 

908 (37.8) 860 (35.8) 786 (32.7) 776 (38.5) 744 
(36.9) 

728 
(36.1) 

Varsity No 
(Ref) 

2568 
(58.1) 

2529 
(57.3) 

2688 
(60.9) 

1464 
(60.9) 

1447 
(60.2) 

1558 
(64.9) 

1104 
(54.8) 

 

1082 
(53.7) 

1130 
(56.1) 

Yes 1849 
(41.9) 

1888 
(42.7) 

1729 
(39.1) 

938 (39.1) 955 (39.8) 844 (35.1) 911 
(45.2) 

933 
(46.3) 

885 
(43.9) 

Community No 
(Ref) 

2109 
(47.7) 

2394 
(54.2) 

2781 
(63.0) 

1218 
(50.7) 

1377 
(57.3) 

1599 
(66.6) 

891 
(44.2) 

1017 
(50.5) 

1182 
(58.7) 

Yes 2308 
(52.3) 

2023 
(45.8) 

1636 
(37.0) 

1184 
(49.3) 

1025 
(42.7) 

803 (33.4) 1124 
(55.8) 

998 
(49.5) 

833 
(41.3) 

Variable Mean 
(Standard 
Deviation) 

Mean 
(Standard 
Deviation) 

Mean 
(Standard 
Deviation) 

Mean 
(Standard 
Deviation) 

Mean 
(Standard 
Deviation) 

Mean 
(Standard 
Deviation) 

Mean 
(Standard 
Deviation) 

Mean 
(Standard 
Deviation) 

Mean 
(Standard 
Deviation) 

MVPA (min/day)* 110 (67) 
n=4417 

102 (66) 
n=4414 

95 (64) 
n=4375 

105 (66) 
n=2402 

97 (64) 
n=2400 

89 (61) 
n=2380 

117 (68) 
n=2015 

109 (68) 
n=2014 

102 (65) 
n=1995 

MVPA=Moderate-to-Vigorous Physical Activity  

*Note that the sample sizes for MVPA in Y6 and Y7 are different compared to baseline as well as Y6 and Y7 of other covariates. This is because 

some subjects included in the model are missing MVPA data in Y6 and Y7 (i.e., monotone pattern)
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6.5.3 Results from Longitudinal Mixed Models 

The ICC was calculated to estimate the amount of variation in MVPA that can be 

attributed to school-level differences for both female and male students. School-level differences 

accounted for 1.91% of the variability in MVPA among females and 2.09% among males, 

suggesting modest differences between schools on MVPA. Results from the linear mixed models 

are presented in Table 11. At baseline, female and male students in grade 10 reported 

significantly less average daily MVPA minutes compared to students in grade 9 (females: 𝜷 =-

8.383, p<0.0001, males: 𝜷 =-7.310, p=0.001). Year was negatively associated with MVPA 

among females and males, although this relationship was only significant for females (females: 

𝜷 =-7.226, p=0.005, males 𝜷 =-1.070, p=0.701). Participation in school and community sports 

were all positively associated with MVPA for both females and males. More specifically, 

students participating in intramurals (females: 𝜷 =5.040, p=0.002, males: 𝜷 =9.722, p<0.0001), 

varsity sports (females: 𝜷 =16.904, p<0.0001, males: 𝜷 =18.045, p<0.0001) and community 

sports (females: 𝜷 = 26.105, p<0.0001, males: 𝜷 =20.287, p<0.0001) accumulated more daily 

MVPA on average compared to those who did not participate.  

After controlling for intramural participation, adding individual and team intramurals was 

positively and significantly associated with female MVPA in Y6. In schools that added 

individual and team intramurals (n=5), female students accumulated an average of 9.577 daily 

minutes of MVPA (p=0.034) compared to female students attending schools that removed 

individual and team intramurals. The most frequent individual intramurals added among these 5 

schools were rock climbing (n=3), weight training (n=2), yoga (n=2) and outdoor club (n=2). 

The most common team intramurals added among these 5 schools were dodgeball (n=3), 

volleyball (n=2) and soccer (n=2). Primarily adding individual intramurals, primarily adding 
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team intramurals, and no change in intramurals were all positively, but non-significantly 

associated with female MVPA in Y6. If these intramural changes in Y6 were maintained in Y7, 

primarily adding individual intramurals, primarily adding team intramurals and adding both 

individual and team intramurals were estimated to be positively, but non-significantly associated 

with MVPA in Y7. If schools that made no changes to individual and team intramurals in Y6 

maintained this in Y7, it was estimated to have a negative, but non-significant effect on female 

MVPA.  

Primarily adding individual and primarily adding team intramurals were both negatively, 

but non-significantly associated with male MVPA in Y6, after controlling for intramural 

participation. Adding individual and team intramurals and making no changes to intramurals 

were both positively and non-significantly associated with male MVPA in Y6, regardless of 

intramural participation. If these changes were to be maintained into Y7, primarily adding 

individual intramurals was estimated to be negatively and non-significantly associated with male 

MVPA, while primarily adding team intramurals, adding individual and team intramurals and 

making no changes to individual and team intramurals were all estimated to be positively, but 

non-significantly associated with male MVPA in Y7, independent of intramural participation.  

Table 11: Linear Mixed Models examining the association between changes in intramural 

programming in Y6 on MVPA in Y6 and Y7 of the COMPASS Study stratified by gender 

Variable Female n=2402 Male n=2015 

Estimate 95% CI p-

value 

Estimate 95% CI p-

value 
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Effect of 

Type of 

Intramural 

Change on 

MVPA in 

Y6 

Removed 

Intramurals 

(Reference) 

—  — — — — 

Primarily Added 

Individual  

5.545  -1.054 -

12.144 

0.100 -2.238 -9.884-

5.407 

0.566 

Primarily Added 

Team  

2.929 -3.054 -

8.912 

0.337 -3.172 -10.048 

-3.704 

0.366

  

Added Individual 

and Team  

9.577 0.726-

18.429 

0.034 1.539 -8.320-

11.397 

0.760 

No Net Change 2.272 -4.010 -

8.553 

0.478 5.149 -1.784 -

12.082 

0.145 

Effect of 

Type of 

Intramural 

Change on 

MVPA in 

Y7 

Removed 

Intramurals 

(Reference) 

— — — — — — 

Primarily Added 

Individual  

1.169 -5.469 -

7.807 

0.730 -2.962 -10.603 

-4.680 

0.448 

Primarily Added 

Team  

4.874 -1.125 -

10.873 

0.111 0.241 -6.650 -

7.132 

0.945 

Added Individual 

and Team  

1.527 -7.369-

10.423 

0.737 1.300 -8.667-

11.267 

0.798 

No Net Change -1.441 -

11.989-

9.107 

0.789 8.782 -2.793-

20.357 

0.137 
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Grade Grade 9 (Ref) — — — — — — 

Grade 10 -8.383 -12.086 

- -4.681 

<.0001 -7.310 -11.434 

- - 

3.186 

0.001 

Year -7.226 -

12.207-  

-2.246 

0.005 -1.070 -6.527-

4.388 

0.701 

Intramural 

Sport 

Participation  

No (Ref) — — — — — — 

Yes 5.040 1.806 -

8.274 

0.002 9.722 6.044-

13.401 

<.0001 

Varsity 

Sport 

Participation 

No (Ref) — — — — — — 

Yes 16.094 12.400-

19.747 

<.0001 18.045 13.944-

22.147 

<.0001 

Community 

Sport 

Participation 

No (Ref) — — — — — — 

Yes 26.105 22.804-

29.405 

<.0001 20.287 16.496-

24.078 

<.0001 

Models controlled for changes in physical activity programs in Y6, median school 

neighbourhood income in Y5, school enrolment in Y5, number of intramurals in Y5, ethnicity and 

weekly spending money. Values significant at 𝛼 =0.05 are bolded.  

6.6 Discussion 

Using a large linked sample of longitudinal data, we believe that this was the first study 

to evaluate how changes in the type of intramurals were associated with youth MVPA over time. 

We explored this association using an innovative new methodology that allowed us to examine 
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how the effect of changes in type of intramurals affected MVPA in Y6 and into Y7 under the 

supposition these changes were maintained from Y6. Our results suggest that youth MVPA 

declines over time and adding team and individual intramurals positively impacts female MVPA 

in the year they were added, regardless of participation. Although other changes in type of 

intramurals did not provide a significant protective effect on this decline over time, these results 

nonetheless contribute to our understanding of how real-world changes in intramurals affect 

MVPA over time.  

At baseline, youth in this sample achieved an average of 110 daily minutes of MVPA per 

day, which declined over time to 102 minutes in Y6 and 95 minutes in Y7. Additionally, female 

and male youth in grade 10 at baseline achieved significantly less daily average minutes of 

MVPA compared to youth in grade 9 at baseline. These findings are supported by other research, 

as younger youth typically accumulate significantly more daily MVPA minutes compared to 

older youth,(19,20) and MVPA tends to decrease from grade 9 to grade 10 (128) and throughout 

high school.(129) MVPA declined over time for both male and female students, although the 

decline was only significant among female students. Decreases in youth physical activity over 

time have been well-documented (26–32) and may be attributed to decreases in sport 

participation,(32,33) reduced physical education,(67,143) and increased screen time and 

sedentary behaviour,(24,26–28) that are typical among youth during this time. Decreased sport 

participation in youth over time may be explained by many intrapersonal factors such as lack of 

enjoyment and lack of time.(137,144) Additionally, female youth generally have a larger decline 

in physical activity over time compared to males,(35,36) which may explain why this 

relationship was only significant among females.  
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Intramural, varsity and community sport participation were all positively associated with 

MVPA among female and male youth. These findings are supported by previous research which 

suggests that intramural, varsity and community sport participation are all positively associated 

with youth MVPA.(70,72,73,77,96,97) Participation in community sports provided youth with 

more MVPA compared to intramural and varsity sports, which may be explained by the higher 

demand of community sports which typically includes frequent training and practice sessions in 

addition to competition.(145) It is important to note that intramurals and varsity are important 

opportunities for youth physical activity, especially for students who do not participate in 

community sports.(146) Additionally, community sports are less-inclusive than school-based 

intramural and varsity sports because they require transportation and are typically more time-

consuming and more expensive compared to school-based sports.(68) Although community 

sports provided the most physical activity, all types of sport participation provided youth with 

daily MVPA, helping them achieve the recommended 60 minutes per day and providing other 

benefits associated with physical activity such as improved academic performance (13,14) and 

improved mental health.(8,9)  

The indictor variables included in the linear mixed models allowed for us to examine the 

associations between type of intramural change and MVPA in Y6 and Y7. After controlling for 

intramural participation, adding individual and team intramurals positively impacted female 

MVPA in the year they were implemented, but not if these changes were continued into Y7. This 

suggests adding individual and team intramurals is effective in the immediate year for females, 

but not over time, regardless of whether students participated in these intramurals or not. To keep 

youth involved over time, schools should consider ongoing engagement and in-school promotion 

of intramurals. This is not the first study to highlight that school-level intramurals indirectly and 
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positively impact student MVPA. Other research has found that regardless of intramural 

participation, adolescents attending high schools with more intramurals engaged in more 

physical activity compared to those attending schools with less intramurals.(69) Perhaps schools 

that implemented team and individual intramurals have other characteristics of the school 

environment that positively associate with MVPA, especially among females. For example, these 

schools may provide students with access to equipment and facilities that support participation in 

non-competitive (e.g., aerobics, weight classes, yoga) and nonorganized physical activity (e.g., 

walking, running, rock climbing), both of which positively associate with physical activity 

among females in early high school.(147) Female students may have the opportunity to 

participate in these activities outside of intramurals if schools have implemented physical activity 

policies such as providing open access to equipment and facilities before-school, after-school 

and during lunch. Although the effect of the school environment on youth MVPA over time was 

not examined in this study, future research should explore how policies and facilities associate 

with youth MVPA especially among females, considering they consistently achieve less MVPA 

compared to their male counterparts.  

The lack of other significant findings suggests that changes in types of intramurals are not 

associated with MVPA over time. Multifaceted physical activity programs are most effective at 

increasing physical activity among youth, so perhaps intramurals, though not effective on their 

own, they may be effective as part of a more comprehensive physical activity programs that 

include changes to school-level curriculum, policy and environment.(130,131) Although changes 

in types of intramurals were not associated with MVPA it is important highlight that these 

changes may impact other beneficial outcomes students may receive from intramural 

participation. These include improved mental health,(8,9) improved academic performance, 
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(13,14) reduced substance use (82) and more sport sampling.(31,74–80) Considering the 

multitude of benefits associated with youth intramural participation, future research should 

examine the effect of type of intramurals on intramural participation among youth.  

Finally, it is important to note that intramurals are offered as into female-only, male-only 

and co-ed, which impact intramural participation and MVPA. For example, gender offering of 

intramurals appears to be especially important for female students, as females attending schools 

that offered female-only intramurals were more likely to participate in intramurals compared to 

those attending schools without such programs.(94) Additionally, female-only intramurals may 

generate higher levels of physical activity among females compared to co-ed 

programs.(69,70,72,73) The gender-offering of intramurals was beyond the scope of this study, 

however a direction for future research could be to examine how gender-offering of intramurals 

is associated with intramural participation and MVPA over time.  

6.6.1 Limitations 

Firstly, schools were recruited using convenience sampling, which may limit the 

generalizability of the results. However, the COMPASS study has a large sample size and 

utilizes as active-information, passive-consent protocol to encourage participation and honest 

response.(113) This recruitment method has been shown to limit self-selection and response 

biases and generate more robust results.(109) Secondly, we did not examine how changes in 

gender-offering (e.g., female-only, male-only and co-ed) in our analysis. The gender-offering of 

intramural programs should be considered, as this may affect participation and physical activity, 

especially among females. Thirdly, because schools make many changes to the types of 

intramurals each year, the intervention groups may have been diluted (e.g., primarily added team, 

versus added team only), making the association between these changes and MVPA difficult to 
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detect. Lastly, it is possible that this study was under-powered at the school-level to detect 

associations between changes in types of intramural programs and MVPA over time. 

6.7 Conclusion 

This study found that females attending schools that added individual and team 

intramurals achieved significantly more average MVPA per day the year intramurals were added, 

compared to females attending schools that removed programs, regardless of intramural 

participation. This suggests that there are school-level characteristics that are positively 

associated with female physical activity beyond intramurals, such as access to physical activity 

facilities or equipment. Although other associations between changes in types of intramurals and 

MVPA were not significant, intramurals can be an important aspect of comprehensive school-

based physical activity strategies. Intramurals and varsity sport participation were all positively 

associated with youth physical activity and schools should consider offering a variety of 

intramural and varsity sports to maximize participation and physical activity among students. 

Sport participation in youth is positively associated with physical activity later in life,(31,77,78) 

therefore school-based sports present an important investment in youth health that should be a 

priority for stakeholders. 
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7.1 Abstract 

Introduction: Despite the benefits of physical activity, the majority of Canadian youth are falling 

short of the recommended 60 minutes of moderate-to-vigorous physical activity (MVPA) per 

day. School-based physical activity programs such as intramurals, are important opportunities for 

youth to be physically active. There is limited evidence available on the impact of gender-

specific (e.g., female-only, male-only) and co-ed intramurals on youth physical activity over 

time, however evidence suggests female-only intramurals may be important for female MVPA. 

This research aims to capitalize on a natural experiment to generate practice-based evidence on 

the impact of changes in gender-specific and co-ed intramurals on youth MVPA over time.  

Methods: This This study used linked longitudinal school- and student-level data from Ontario 

secondary schools in year 5 (2016-2017), year 6 (2017-2018) and year 7 (2018-2019) of the 

COMPASS study.  Data on intramurals from 55 schools were used to determine the changes to 

gender-specific and co-ed intramurals that occurred from Y5 to Y6. Baseline demographic 

characteristics were measured and data on physical activity and sport participation were collected 

in Y5, Y6 and Y7 on a sample of 4417 students. Hierarchical linear mixed regression models 

were used to estimate how changes in gender-specific and co-ed intramurals were associated 

with youth MVPA over time. 

Results: Participation in intramural, varsity and community sport were all positively and 

significantly associated with youth MVPA. Changes in gender-specific and co-ed intramurals 

were not significantly associated with youth MVPA in Y6 or Y7. However, the positive 

association between maintaining the addition of gender-specific intramurals on female MVPA in 

Y7 was on par with the significance level of 𝛼 = 0.05, suggesting that adding gender-specific 

intramurals may be important for female MVPA.  
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Conclusions: Adding gender-specific and co-ed intramurals may not be sufficient strategies to 

increase physical activity among youth. Further research should explore the effect of gender-

specific intramurals on youth physical activity, as this study may have been underpowered at the 

school-level. Gender-specific intramurals may promote a supportive physical activity 

environment that promotes physical activity, especially among females. These intramurals may 

be an important component of more comprehensive strategies to increase youth MVPA.  

Keywords: Intramurals, co-ed, gender-specific, physical activity, youth, natural experiment 
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7.2 Introduction 

Moderate-to-vigorous physical activity (MVPA) is important for physical and mental 

health among youth and is critical for healthy development and disease prevention.(8,9)  Despite 

the multitude of benefits, approximately two thirds of Canadian youth are falling short of the 

recommended 60 minutes of MVPA per day.(19–21) Youth physical activity also tends to 

decrease with age, (26,27) with large declines observed during secondary school when sedentary 

behaviours typically increase (24,26–28) and the participation in physical education (67,143) and 

sports (32,33) typically decreases. These trends in youth physical activity are alarming because 

physical inactivity is a leading modifiable risk factor for premature death.(41–43) Youth are an 

important target population for physical activity interventions because health behaviours, such as 

physical activity, continue to develop during this time.(16,22,24,25) Modest increases in physical 

activity can have a positive impact on health and risk of disease,(15) and school-level physical 

activity interventions can encourage these modest increases and effectively target physical 

inactivity among youth. (70,139,140)  

School-based physical activity programs are effective strategies to increase physical 

activity among youth,(48,131) especially when these programs are perceived as inclusive and 

accessible by students.(55) Intramurals are examples of such inclusive and accessible programs, 

as they generally do not require a high-level of skill or a fee to participate in, especially 

compared to other school-based programs (e.g., varsity sports).(68) The positive association 

between participation in intramurals and physical activity among youth has been well-

documented, (69,70,72,73) and their impact on youth MVPA over time has been previously 

explored (133,148) Specifically, previous studies have explored how real-world changes in 

intramurals affect youth MVPA over time, and although general changes in intramurals were not 
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associated with youth MVPA over time, (148) adding a combination of individual (e.g., running) 

and team (e.g., soccer) intramurals was positively associated with female MVPA.(133) Our 

earlier evidence suggested that adding a variety of intramurals had a positive effect on female 

MVPA regardless of intramural participation, highlighting the positive and indirect relationship 

between changes in intramurals and MVPA.(133)  In addition to individual and team 

intramurals, intramurals are further categorized by gender-specific (e.g., female-only, male-only) 

and co-ed, which may have differential effects on the physical activity of female and male youth. 

Limited research has been done to examine how gender-specific and co-ed intramurals associate 

with physical activity; however, previous research suggests that gender-specific intramurals may 

be an important factor for intramural participation, particularly among female students. For 

example, a previous study found that female students attending schools with female-only 

intramurals were more likely to participate in intramurals compared to females attending schools 

without these female-only intramurals, and no such association was observed for males.(94) 

Female youth consistently achieve less physical activity compared to their male 

counterparts,(19–21) suggesting that gender-specific sports may be an important opportunity for 

female physical activity.  

There is limited research available on the impact of gender-specific and co-ed intramurals 

on youth MVPA over time. Given the previous positive relationship observed between adding 

individual and team intramurals and female MVPA,(133) a practical next step would be to 

examine how gender-specific and co-ed intramurals affect youth MVPA. Schools continue to 

make changes to these intramurals each year, creating the opportunity to evaluate a  natural 

experiment and generate practice-based evidence.(107) The objective of this study is to use a 
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natural experimental study design to evaluate how changes in school-based gender-specific and 

co-ed intramurals  are associated with female and male youth MVPA over time.  

7.3 Materials and Methods 

7.3.1 Study Design  

The COMPASS study is a 9-year prospective cohort study (2012-2021) collecting 

hierarchical and longitudinal data from a convenience sample of secondary school students and 

the schools they attend in Alberta, British Columbia, Ontario and Quebec.(109) This study 

utilized COMPASS host study data from 55 Ontario schools that participated in Year 5 (Y5 

2016-2017), Year 6 (Y6 2017-2018) and Year 7 (Y7 2018-2019) of the COMPASS study. 

Schools in other provinces were excluded from this study because of small sample sizes at 

baseline (Y5) and provincial differences in physical activity programs and policies. Ontario 

schools (n=36) were excluded if they did not participate across all three years. The COMPASS 

study used active-information, passive-consent parent/guardian permission protocols, and active 

student assent, where students could refuse to participate at any time. Participating students 

completed the COMPASS student questionnaire (Cq), which is a paper-based, self-administered, 

anonymous survey administered annually during class time. Each year, senior administration at 

each participating school completed the School Policies and Practice (SPP) questionnaire online. 

Details on the COMPASS host study, including sampling and the Cq and SPP data collection 

tools, are available online (www.compass.uwaterloo.ca ). The COMPASS study was approved 

by the Human Research Ethics Board at the University of Waterloo (ORE 30118) and 

appropriate school board and school committees.  

This study builds on our previous research examining intramural changes and youth 

MVPA.(148,149) Students who were in grade 9 (13-14 years old) and 10 (14-15 years old) at the 
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baseline time point for this study (Y5) with linked data across all three years were included in the 

study. A total of 5,514 students from the 55 Ontario schools were linked over the three-year 

study period. Main reasons for non-linkage were students transferring schools, students not 

providing data on grade in Y5 or Y6, students who were absent or had a spare period during the 

time of Y5 or Y6 data collection, those who left secondary school early, or inaccurate data 

provided to link measures on the Cq. Details on the methods of COMPASS data linkage are 

available elsewhere.(126,141) Only students with: i) complete data on all covariates and ii) 

complete data or monotone missingness on the outcome were included in the analysis for a final 

sample size of 4,417 students.  

This study used a longitudinal quasi-experimental study design, where data on the 

outcome were measured at pre-intervention (Y5), intervention (Y6) and post-intervention (Y7) 

time points and were compared between non-randomized intervention and control groups.(107)  

In natural experimental studies, this design is considered the gold standard research 

methodology, and important school- and student-level covariates were measured and controlled 

for through stratification and adjustment to mitigate bias due to confounding from lack of 

randomization.(107) 

7.3.2 Measures 

7.3.2.1 Outcome 

The Cq was used to measure average daily MVPA for students in Y5, Y6 and Y7. The 

Cq asks students to record their daily time (hours and/or minutes) spent engaging in hard and 

moderate physical activity each day for the last 7 days (e.g., Monday-Sunday) by the following 

two prompts: (1) “Mark how many minutes of HARD physical activity you did on each of the 
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last 7 days. This includes physical activity during physical education class, lunch, after school, 

evenings, and spare time” and (2) “Mark how many minutes of MODERATE physical activity 

you did on each of the last 7 days. This includes physical activity during physical education 

class, lunch, after school, evenings, and spare time. Do not include time spent doing hard 

physical activities”. To aid with recall, the Cq provides students with descriptions of moderate 

and vigorous activities. Moderate physical activities are described as “lower intensity activities 

such as walking, biking to school, and recreational swimming”, and vigorous physical activities 

are described as “physical activities include jogging, team sports, fast dancing, jump-rope, and 

any other physical activities that increase your heart rate and make you breathe hard and sweat”. 

These descriptions align with CSEP definitions that are used in physical activity research among 

youth.(4) Average daily MVPA is derived by summing the total time in minutes of moderate 

physical activity for each day (Monday-Sunday) and the total time in minutes of hard (vigorous) 

physical activity for each day (Monday-Sunday) and dividing this sum by 7 days.  This self-

reported measure of MVPA on the Cq has demonstrated satisfactory reliability and validity, 

making it an acceptable measure of MVPA in school-based research.(117,142)  

7.3.2.2 School-Level Predictor: Changes in Gender-Specific and Co-ed Intramurals 

In line with our previous research,(148,149) changes in gender-specific and co-ed 

intramurals were measured in the Ontario schools by comparing intramural data from year 5 

(Y5) to year 6 (Y6). School administrators were asked in Y5 and Y6 to “Please select the 

intramural programs/club activities involving physical activity that were offered to students at 

your school during the past 12 months.” The intramural selections include a variety of activities 

(e.g., fitness club, rock climbing, soccer, baseball) and include spaces for unlisted activities. 

School administrators were also asked to indicate whether the intramural offerings were for 
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females only, males only, or co-ed. Changes in gender-specific and co-ed intramurals from Y5 to 

Y6 were then determined by comparing intramural data between these years. Schools made 

many changes to intramurals from Y5 to Y6, and these changes were classified into one of the 

following four groups based on the quantity of gender-specific and co-ed intramurals: (1) schools 

that primarily added co-ed intramurals from Y5 to Y6, (2) schools that added gender specific 

intramurals from Y5 to Y6, (3) schools that added and removed the same number of female-only, 

male-only or co-ed intramurals from Y5 to Y6, and (4) schools that primarily removed female-

only, male-only or co-ed intramurals from Y5 to Y6 (reference). These groups were coded and 

simplified into the following four categories: (1) primarily added co-ed, (2) added gender-

specific, (3) no net change, and (4) removed intramurals (reference). Schools classified as: (2) 

added gender-specific, are schools that either: (i) added the same number of male- and female-

only intramurals from Y5 to Y6, (ii) schools that primarily added female-only intramurals from 

Y5 to Y6, or (iii) schools that primarily added male-only intramurals from Y5 to Y6. Schools 

classified as: (3) no net change, are schools that removed a gender-specific or co-ed intramural 

for every one they added (e.g., added one co-ed, removed one co-ed).  

7.3.2.3 Student-Level Correlates 

Consistent with our previous research,(148,149) data on student-level sport participation 

and sociodemographic factors that were known to associate with the predictor and/or outcome 

were measured by the Cq and included in the analyses. Intramural sport participation, varsity 

sport participation and community sport participation were measured at Y5, Y6 and Y7.  

Intramural sport participation is measured by asking “Do you participate in before-school, noon 

hour, or after school physical activities organized by your school? (e.g., intramurals, non-

competitive clubs)”, with the response options of “No” (Reference) and “Yes”. Varsity sport 
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participation is measured by asking “Do you participate in competitive school sports teams that 

compete against other schools? (e.g., junior varsity or varsity sports)”, with the response options 

of “No” (Reference) and “Yes”. Community sport participation is measured by asking “Do you 

participate in league or team sports outside of school?”, followed by the response options of 

“No” (Reference) and “Yes”. Demographic data were measured at baseline using the Cq and for 

the following variables with the corresponding response options in brackets: gender [female 

(ref), male], ethnicity [White, Black, Asian, Indigenous (First Nations, Métis, Inuit) Latin 

American/Hispanic, and Other)] and weekly spending money [$0, $1 to $5, $6 to $10, $11 

to $20, $21 to $40, $41 to $100, more than $100, I do not know]. Ethnicity and weekly spending 

money were collapsed into the following categories to ensure adequate cell count: ethnicity 

[white (ref), other], weekly spending money [Zero (ref), $1-$20, $21-$100 and $100+].  

7.3.3.4 School-Level Correlates 

Important school-level correlates associated with the predictor and/or outcome were 

measured and included in the analyses.(148,149) The number of intramural programs in Y5 and 

school size are both continuous variables measured at baseline using the SPP. Data on other 

school-based physical activity programs that may affect student MVPA and/or intramural 

participation were obtained from the SPP and compared between Y5 and Y6 to derive the 

variable changes in physical activity programs from Y5 to Y6 which were categorized as either: 

“no change in physical activity programs”, “added physical activity programs” or “removed 

physical activity programs”. School neighbourhood median income was obtained from the 2016 

Canadian Census and are based on the median income of the area surrounding the school at 

baseline.(118)   
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7.3.3 Analyses  

The analytical methods employed in this research are consistent with our previous studies 

that examined how changes in intramurals associate with youth MVPA over time.(148,149) All 

analyses were performed in SAS 9.4. Descriptive analyses were conducted on school- (N=55) 

and student-level characteristics (N=4417). Summary statistics of individual variables were 

reported by frequency and percentage for class/categorical variables, while means and standard 

deviation were used for continuous/discrete variables. Exploratory differences between female 

and male students on student-level characteristics at baseline were examined using Chi-Square. 

The unconditional means model (i.e., linear mixed model with only a random intercept and not 

predictors) stratified by gender was used estimate the intraclass correlation (ICC) to determine 

the within-school variation in MVPA. Linear mixed models stratified by gender were used to 

estimate how changes in gender-specific and co-ed intramurals in Y5 to Y6 were associated with 

MVPA over time. These models were hierarchical to account for clustering of students within 

schools and students over time and controlled for relevant student (grade, ethnicity, weekly 

spending money, intramural sport participation, varsity sport participation, community sport 

participation) and school (changes in physical activity programs, number of intramurals in Y5, 

school size, and school neighbourhood median income) factors. Two indicator variables were 

created to represent the yearly change in gender-specific and co-ed intramurals: (i) gender-

specific and co-ed intramural change in Y6 and (ii) gender-specific and co-ed intramural change 

in Y7. These indicator variables were included in the models and allowed for the assessment of 

their effect on MVPA at the intervention year (Y6) and post-intervention year (Y7). For Y7, the 

effect of changes in gender-specific and co-ed intramurals was assessed under the assumption 

that changes from Y6 would continue into Y7.  
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7.4 Results 

7.4.1 School-Level Descriptive Characteristics 

Statistics describing the characteristics of the school-level sample are presented in Table 

12. Specific to the changes in gender-specific and co-ed intramurals from Y5 to Y6, 27 schools 

primarily added co-ed intramurals, 8 added gender-specific intramurals, 3 schools made no net 

change to intramurals, and 17 school removed intramurals. Five schools added physical activity 

programs from Y5 to Y6. In Y5, the school neighbourhood median income was $69,804 

(SD=$15,404) and the mean school size was 669 students (SD=288) in Y5. An average of 5.4 

(SD=4.1) intramural programs were offered at the schools in Y5. 

Table 12: Descriptive Statistics for School-Level Characteristics for the sample (n=55) from 
Year 5 and 6 (2016-2017) of the COMPASS Study  

Variable Freq % 

 

Changes in Types of 
Intramurals from Y5 
to Y6 

Primarily Added Co-
ed Intramurals 

27 49.1 

Added Gender-
Specific Intramurals 

8 14.6 

No Net Change in 
Intramurals 

3 5.5 

Removed Intramurals 
(Reference) 

17 30.9 

 

Changes in Other 
Physical Activity 
Programs from Y5 to 
Y6 

 

 

No Change (Ref) 

50 90.9 

Added Programs 5 9.1 

Removed Programs 0 0 

Variable  Mean  SD 

 

School Neighbourhood Median Income in Y5 

$69, 804 $15,404 

Min: $31,763 
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 Max: $107, 702 

 

School Size In Y5 

669 288 

Min: 136 

Max: 1550 

 

Number of Intramurals Offered in Y5 

 

5.4 4.1 

Min: 0 

Max: 14 

Percent values may not sum to 100 due to rounding. 

7.4.2 Student-Level Descriptive Characteristics  

Baseline and time-varying characteristics of the students included in the sample are 

presented in Table 13 and 14 respectively. The majority of the sample were female (54%, 

n=2402) and white (73%, n=3210), and the most frequent amount of weekly spending money 

reported by students was $1-$20 (43%, n=1875). Intramural participation (females: Y5: 38%, 

Y6:36% Y7:33%; males: Y5:39%, Y6:37%, Y7:36%) and average daily MVPA (females: 

Y5:105 min (SD=66), Y6:97 min (SD=64), Y7:89 min (SD=61); males: Y5:117 min (SD=68), 

Y6:109 min (SD=68), Y7:102 minutes (SD=65)) decreased among female and male students 

over the study period. 
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Table 13: Descriptive Statistics for Baseline Student-Level Characteristics for the sample 
(n=4417) from Year 5 (2016-2017) of the COMPASS study  

Variable Total 

n=4417 

Female (Ref) 
n=2402 (54%) 

Male 
n=2015 
(46%) 

 

Freq (%) 

 

Freq 

(%) 

Freq 

(%) 

DF Chi-
Square 

P-
Value 

Grade Grade 9 
(Ref) 

2434 (55.1) 1335 (55.6) 1099 (54.5)  

1 

1.431 0.232 

Grade 
10 

1983 (44.9) 1067 (44.4) 916 (45.5) 

Ethnicity White 
(Ref) 

3210 (72.7) 1744 (72.6) 1466 (72.8)  

1 

0.036 0.849 

Other 1207 (27.3) 658 (27.4) 549 (27.2) 

Weekly 
Spending 
Money 

Zero 
(Ref) 

1130 (25.6) 541 (22.5) 589 (29.2)  

 

3 

107.400 <.0001 

$1-$20 1875 (42.5) 1062 (44.2) 813 (40.3) 

$21-
$100 

1065 (24.1) 628 (26.1) 437 (21.7) 

$100+ 347 (7.9) 171 (7.1) 176 (8.7) 

Percent values may not sum to 100 due to rounding. 
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Table 14: Descriptive Statistics for Time-Varying Student-Level Characteristics for the sample (n=4417) from Year 5 (2016-2017), Y6 
(2017-2018) and Y7 (2018-2019) of the COMPASS study  

Variable Total 

n=4417 

Female (Ref) n=2402 Male n=2015 

Year 5 Year 6 Year 7 Year 5 Year 6 Year 7 Year 5 Year 6 Year 7 

Freq 
(%)/Mean 
(SD) 

Freq 
(%)/Mean 
(SD) 

Freq 
(%)/Mean 
(SD) 

Freq 
(%)/Mean 
(SD) 

Freq 
(%)/Mean 
(SD) 

Freq 
(%)/Mean 
(SD) 

Freq 
(%)/Mean 
(SD) 

Freq 
(%)/Mean 
(SD) 

Freq 
(%)/Mean 
(SD) 

Intramurals No 
(Ref) 

2733 
(61.9) 

2813 
(63.7) 

2903 
(65.7) 

1494 
(62.2) 

1542 
(64.2) 

1616 
(67.3) 

1239 
(61.5) 

1271 

(63.1) 

1287 

(63.9) 

Yes 1684 
(38.1) 

1604 
(36.3) 

1514 
(34.3) 

908 
(37.8) 

860 
(35.8) 

786 
(32.7) 

776 
(38.5) 

744 

(36.9) 

728 

(36.1) 

Varsity No 
(Ref) 

2568 
(58.1) 

2529 
(57.3) 

2688 
(60.9) 

1464 
(60.9) 

1447 
(60.2) 

1558 
(64.9) 

1104 

(54.8) 

 

1082 

(53.7) 

1130 

(56.1) 

Yes 1849 
(41.9) 

1888 
(42.7) 

1729 
(39.1) 

938 
(39.1) 

955 
(39.8) 

844 
(35.1) 

911 

(45.2) 

933 

(46.3) 

885 

(43.9) 

Community No 
(Ref) 

2109 
(47.7) 

2394 
(54.2) 

2781 
(63.0) 

1218 
(50.7) 

1377 
(57.3) 

1599 
(66.6) 

891 

(44.2) 

1017 

(50.5) 

1182 

(58.7) 

Yes 2308 
(52.3) 

2023 
(45.8) 

1636 
(37.0) 

1184 
(49.3) 

1025 
(42.7) 

803 
(33.4) 

1124 

(55.8) 

998 

(49.5) 

833 

(41.3) 
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Variable Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

MVPA (min/day)* 110 (67) 
n=4417 

102 (66) 
n=4414 

95 (64) 
n=4375 

105 (66) 
n=2402 

97 (64) 
n=2400 

89 (61) 
n=2380 

117 (68) 
n=2015 

109 (68) 
n=2014 

102 (65) 
n=1995 

*Note that the sample sizes for MVPA in Y6 and Y7 are different compared to baseline as well as Y6 and Y7 of other covariates. This 

is because some subjects included in the model are missing MVPA data in Y6 and Y7 (i.e., monotone pattern).
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7.4.3 Results from Linear Mixed Models 1 

The ICC was used to estimate the variability in MVPA among female and male students 2 

that were attributed to between-school differences. Between-school differences accounted for 3 

1.91% of the variability in female MVPA and 2.09% in male MVPA, which suggests that the 4 

characteristics of the school a female or male student attends, are modestly associated with their 5 

MVPA. Results from the linear mixed models are presented in Table 15. Female and male 6 

students in grade 10 at baseline accumulated significantly less average MVPA minutes per day 7 

compared to those in grade 9 (females: 𝛽 =-8.428, p<0.0001, males: 𝛽 =-7.298, p=0.001). 8 

MVPA decreased over time for both females and males, although this was only significant for 9 

female students (females: 𝛽 = −7.253, p=0.004, males 𝛽 =-1.100, p=0.692). Sport participation 10 

was positively associated with female and male MVPA, as students participating in school-based 11 

intramurals (female: 𝛽 =4.998, p=0.003, male: 𝛽 =9.728, p<0.0001), school-based varsity sports 12 

(female: 𝛽 =16.161, p<0.0001, male: 𝛽 =18.003, p<0.0001) and community sports (female: 𝛽 = 13 

26.084, p<0.0001, male: 𝛽 =20.310, p<0.0001) achieved significantly more average MVPA 14 

minutes per day, all compared to those who reported no participation.  15 

The associations between changes in gender-specific and co-ed intramurals and MVPA 16 

were non-significant for both female and male youth, regardless of whether students reported 17 

participating in these programs. Specifically, primarily adding co-ed intramurals, adding gender-18 

specific intramurals and making no net changes to intramurals in Y6 were all positively, but non-19 

significantly associated with female MVPA in Y6. If these changes were to continue into Y7, 20 

primarily adding co-ed intramurals and gender-specific intramurals were both positively, but 21 

non-significantly associated with female MVPA one year later, into Y7. This significance of the 22 

association between maintaining the addition of gender-specific intramurals on female MVPA in 23 
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Y7 was on par with significance level of 𝛼 = 0.05; and hence was inconclusive. If schools that 24 

added gender-specific intramurals in Y6 maintained these changes into Y7, female students 25 

accumulated an average of 7.507 more daily minutes of MVPA compared to female students 26 

attending schools that removed intramurals. Lastly, if schools maintained no net changes from 27 

Y6 into Y7, this was negatively and non-significantly associated with female MVPA in Y7. 28 

Primarily adding co-ed intramurals and gender specific intramurals in Y6 was negatively 29 

and non-significantly associated with male MVPA in Y6.  If these changes were to continue into 30 

Y7, primarily adding co-ed intramurals was positively but non-significantly associated with male 31 

MVPA into Y7, while adding gender-specific intramurals was negatively and non-significantly 32 

associated with male MVPA in Y7. No net changes in intramurals in Y6 was positively and non-33 

significantly associated with male MVPA in Y6. If these changes were maintained in Y7, the 34 

direction of this association was consistent, as no net changes was positively and non-35 

significantly associated with male MVPA in Y7 as well.36 
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Table 15: Linear Mixed Models examining the association between changes in intramural 
programming in Y6 on MVPA in Y6 and Y7 of the COMPASS Study stratified by gender 

Variable Female n=2402 Male n=2015 

Estimate 95% CI p-

value 

Estimate 95% CI p-

value 

Effect of 

Intramural 

Change on 

MVPA in 

Y6 

Removed 

Intramurals 

(Reference) 

—  — — — — 

Primarily Added 

Co-ed Intramurals 

4.695 -0.699-

10.089 

0.088 -1.163 -7.32-

4.998 

0.711 

Added Gender-

Specific 

Intramurals 

5.098 -2.382-

12.578 

0.182 -4.703 -

13.194-

3.787 

0.278 

No Net Change in 

Intramurals 

2.236 -4.060-

8.534 

0.486 5.148 -1.780-

12.075 

0.145 

Effect of 

Intramural 

Change on 

MVPA in 

Y7 

Removed 

Intramurals 

(Reference) 

— — — — — — 

Primarily Added 

Co-ed Intramurals 

1.749 -3.66-

7.159 

0.526 0.411 -5.764-

6.587 

0.896 

Added Gender-

Specific 

Intramurals 

7.507 -

0.0126-

15.027 

0.050 -3.764 -

12.276-

4.748 

0.692 

No Net Change in 

Intramurals 

-1.502 -

12.079-

9.075 

0.781 8.747 -2.818-

20.312 

0.138
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Grade Grade 9 (Ref) — — — — — — 

Grade 10 -8.428 -

12.131-

-4.724 

<.0001 -7.298 -

11.421-

-3.175 

<.0001

  

Year -7.253 -

12.391-

-2.348 

0.004 -1.100 -6.554-

4.353 

0.692 

Intramural 

Sport 

Participation  

No (Ref) — — — — — — 

Yes 4.998 1.7647-

8.2318 

0.003 9.728 6.051-

13.406 

<.0001 

Varsity 

Sport 

Participation 

No (Ref) —  —   — 

Yes 16.161 12.506-

19.815 

<.0001 18.003 13.902-

22.104 

<.0001 

Community 

Sport 

Participation 

No (Ref) —  —   — 

Yes 26.084 22.784-

29.384 

<.0001 20.310 16.520-

24.101 

<.0001 

Models controlled for changes in physical activity programs in Y6, median school 

neighbourhood income in Y5, school enrolment in Y5, number of intramurals in Y5, ethnicity and 

weekly spending money. Values significant at 𝛼 =0.05 are bolded. 
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7.5 Discussion  

To our knowledge, this was the first study to evaluate how changes in gender-specific 

and co-ed intramurals were associated with MVPA over time. This study builds on previous 

research (133,148) using COMPASS data which found that although general changes to 

intramurals were unrelated to youth MVPA, adding a combination of individual and team 

intramurals had a positive impact on female MVPA. Considering that intramurals are also 

divided into gender-specific and co-ed intramurals, exploring the association between these 

specific intramurals and MVPA among youth was a logical progression of this previous research. 

This association was examined using a large, linked longitudinal school- and student-level 

dataset, and employed an innovative methodology that allowed for the examination of the effect 

of changes in gender-specific and co-ed intramurals on MVPA in Y6 and into Y7, under the 

assumption that these changes were continued from Y6. The results of this study suggest that 

youth MVPA generally decreases over time, and although no statistically significant associations 

were observed, the effect of gender-specific intramurals on female MVPA may be important, and 

should be further explored. Future research should explore the associations between gender-

specific intramurals and youth MVPA over time using a larger school sample to ensure adequate 

power at the school-level.  

As expected (19,20,128,129) average daily MVPA decreased among female and male 

students over time, and female and male students in grade 10 at baseline achieved significantly 

less daily MVPA minutes per day compared to youth in grade 9 at baseline. The decreasing 

trends in MVPA over time among youth may be attributed to many social, behavioural and 

environmental factors typically observed during this time which may include perceived lack of 

time,(137) decreases in sport participation, (32,33)  and increased screen time and sedentary 
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behaviour. (24,26–28) Although MVPA declined over time for both females and males, this 

association was only significant for females, which may be explained by the greater decrease in 

MVPA over time typically observed in females compared to males.(35,36) Sport participation 

was positively associated with MVPA among female and male youth. Other research supports 

these findings, as intramural (70,72,73), varsity (72,73) and community (72,77,96,97) sport 

participation all positively associate with MVPA among female and male youth. These school- 

and community-based sports provide opportunities for physical activity, which is an important 

correlate of youth MVPA. (71,95,97)  

Primarily adding co-ed intramurals and no net change in intramurals were not associated 

with female or male MVPA in Y6 or Y7. Although no research was found directly on intramural 

change, other research on intramurals supports this finding, as the availability of intramurals was 

not directly associated with student MVPA.(69,140) Although the environmental context can 

influence youth MVPA, intrapersonal and interpersonal characteristics may be more important 

predictors of MVPA, (150) which may help explain these nonsignificant findings. For example, 

intrapersonal factors such as self-efficacy and enjoyment, and interpersonal factors such as peer 

support for physical activity are all positively associated with youth MVPA, (150–153) and 

aspects of school-physical activity environment, such as the availability of school 

programs,(150) may not be as important for youth MVPA. Therefore, changes in the school 

environment, such as adding co-ed intramurals, or making no net changes to intramurals, may 

not be sufficient approaches to increasing physical activity among youth. More comprehensive 

strategies to address the physical inactivity among youth are warranted. For example, physical 

activity programs that include a combination of changes to the school environment (e.g., school 

curriculum, school-based policies), community engagement and parental involvement have 
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proven effective in improving youth physical activity(48,52,53) and warrant further investigation 

and evaluation.  

There were no significant associations between adding gender-specific intramurals and 

MVPA among female or male students. However, there may not have been adequate power at 

the school-level to detect a significant association, as only 8 schools reported adding gender-

specific intramurals in our sample. Although this association may be underpowered at the 

school-level, it is important to note that adding gender-specific intramurals was positively 

associated with female MVPA in Y7, and the p-value of this association warrants further 

exploration using a larger school-level sample. Past research has suggested that gender-specific 

intramurals are more important for female youth participation, compared to males.(94) Females 

may face more barriers to sport participation and physical activity compared to males, and these 

barriers range from intrapersonal to environmental factors, as described by the social-ecological 

model.(127,136) More specifically, females may face intrapersonal barriers (e.g., low self-

efficacy), interpersonal barriers (e.g., time-restraints and lack of social support from peers), and 

environmental barriers (e.g., lack of choice and limited female-only opportunities in physical 

activity programs).(136) To address these barriers, strategies to increase self-efficacy, provide 

accessible physical activity programs and create a supportive physical activity environment are 

warranted.(136) Gender-specific intramurals may provide females with this environment by 

offering supportive and accessible opportunities to be physically active, and reducing some of 

these barriers to physical activity. For example, female-only intramurals may increase 

confidence and self-efficacy by providing a safe space to participate in physical activity, that is 

free of intimidation or excessive competition that may be present in a co-ed 

environment.(70,136) These female-only programs may also address time-restraints by providing 
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access to physical activity during school-time and may promote positive interactions with peers 

and encourage peer support for physical activity.(150–153) Finally, gender-specific intramurals 

address programming barriers, by providing a variety of female-only opportunities to be 

physically active.(136) 

7.5.1 Limitations 

Firstly, the generalizability of these results may be limited, as COMPASS uses 

convenience sampling to recruit schools. However, the COMPASS study has a large sample size 

and employs an active-information, passive-consent procedure to promote participation and 

honest responses from students.(113)  Additionally, this procedure may produce more robust 

results by limiting self-selection and response biases.(109) Secondly, because schools made 

many changes to their gender-specific and co-ed intramurals, the intervention groups may have 

been diluted. For example, the intervention groups consisted of schools that: (i) “primarily” 

added co-ed intramurals, (ii) “primarily” added gender-specific and (iii) no net changes to 

intramurals, as opposed to schools that: (i) “only” added co-ed intramurals, (ii) “only” added 

gender-specific intramurals and (iii) no changes to intramurals. These diluted intervention groups 

may have made associations difficult to detect, which highlights the complexity of evaluating 

physical activity programs using a natural experiment. Thirdly, this study may have been under-

powered at the school-level, possibly limiting the ability to detect associations between changes 

in gender-specific intramurals on youth MVPA over time. However, this study provides insight 

into the potential role of gender-specific and co-ed intramurals on youth MVPA, and future 

research should explore these associations using a larger school-level sample to ensure adequate 

power.  
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7.6 Conclusions 

This study found that intramural and varsity sports are important school-based 

opportunities for youth physical activity, as participation in these sports were positively 

associated with MVPA. To encourage sport participation and physical activity among students, 

schools should continue to offer a variety of intramural and varsity sports. Changes in gender-

specific and co-ed intramurals were not associated with female or male MVPA over time. 

Changes in the school environment, such as adding gender-specific and co-ed intramurals may 

not be sufficient strategies to increase physical activity among youth, although further research 

should explore the effect of gender-specific intramurals on youth physical activity, as this study 

may have been underpowered at the school-level. Gender-specific intramurals may promote a 

supportive physical activity environment by fostering self-efficacy, enjoyment and peer support, 

especially among females. These intramurals may be an important component of more 

comprehensive strategies to increase youth physical activity.  
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Chapter 8: Overall Discussion 

8.1 Overview 

Using a large linked sample of longitudinal school- and student-level data, this 

dissertation was the first to examine how changes in school-based intramurals were associated 

with student MVPA over time. More specifically, this dissertation comprehensively evaluated 

changes in intramurals using a robust study design and methodology to examine: (i) how general 

changes in intramurals were associated with students’ MVPA over time, (ii) how changes in the 

type of intramurals were associated with students’ MVPA over time, and (iii) how changes in 

gender-specific and co-ed intramurals were associated with students’ MVPA over time. These 

associations were explored using a novel analytical methodology to program evaluation, which 

allowed for the examination of these changes in intramurals on MVPA in Y6 and into Y7 under 

the assumption that these changes were maintained from Y6. The results of the three studies 

suggest that MVPA among students declines over time and: (i) general changes in school-based 

intramurals (added, removed and no change) were not significantly associated with student  

MVPA in those schools over time, regardless of participation; (ii) adding team and individual 

intramurals at a school positively impacted female MVPA in those schools in the year they were 

added, regardless of participation in intramurals; and, (iii) changes in gender-specific (female-

only, male-only) and co-ed intramurals within schools were not significantly associated with 

student MVPA in those schools over time. These findings address important gaps in the literature 

on intramurals and physical activity, and contribute to our understanding of how real-world 

changes in school-level intramurals impact students’ MVPA over time. Overall, our results 

suggest that offering a variety of team and individual intramurals in schools is important for 

physical activity among females within these schools. Additionally, gender-specific intramurals 

may be important for female physical activity,(89,94) as the p-value of this association was at the 
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level of significance (𝛼 = 0.05). This association warrants further exploration using a larger 

school sample to ensure adequate power to detect significant findings. There were no other 

associations between changes in intramurals and the MVPA of female students within these 

schools over time.  

There were no significant associations between changes in intramurals and male MVPA 

over time, suggesting that changes to intramurals is not an effective strategy to improve MVPA 

among male students within these schools. Despite the general lack of association with MVPA 

among males, and the limited association with MVPA among females, intramurals are associated 

with several other important outcomes among youth not examined in this dissertation, such as 

sport sampling, physical literacy, socialization and reduced substance use. Therefore, schools 

should offer intramurals as inclusive physical activity programs, in addition to other physical 

activity programs and policies, to encourage equitable access to sport and physical activity and to 

foster healthy behaviours among youth.    

8.2 Discussion of Overall Findings 

 The novel results of Study 1 and 3 of this dissertation found that general changes in 

intramurals were not significantly associated with students’ MVPA over time, and that changes 

in gender-specific and co-ed intramurals were not significantly associated with MVPA among 

students over time, both regardless of intramural participation. These null findings between 

intramurals and student MVPA may not be surprising, because although intramurals are 

inclusive and important physical activity programs, they are only one program within the larger 

school physical activity environment, and schools likely have other programs and policies that 

interrelate with intramurals to influence student physical activity.(70,139,140,154)  For example, 

offering access to school physical activity facilities,(55) providing access to after-school 
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supervised activity,(155) creating community partnerships to improve access to community 

health facilities,(140,149) and the presence of fitness ambassadors (individuals that promote 

physical activities among students),(149) are all positively associated with student physical 

activity, and these aspects of the school environment were beyond the scope of this dissertation, 

and were therefore not examined. It is also important to note that as a natural experiment 

evaluation, we examined changes in intramurals from Y5 to Y6, and did not examine the 

presence or absence of school-level programs policies, or facilities within the school 

environment, many of which are positively associated with student 

MVPA.(55,70,139,140,149,154,155) Although we found that changes in intramurals were 

mostly unassociated with youth MVPA over time, it is likely that existing school physical 

activity programs, including established intramural and varsity sports, have a positive impact on 

student physical activity.(69,93,149) We observed a positive association between participation in 

intramurals and varsity sports on students’ MVPA over time, which may be reflective of the 

positive effect that existing school-based physical activity programs have on student MVPA. 

In addition to school-level environmental factors, youth physical activity is shaped by the 

interrelation of several other factors, ranging from proximal (e.g., individual and interpersonal) 

to distal (e.g., community and organizational).(127,150,156,157) This complex interrelation of 

factors to influence youth physical activity is often described by the socio-ecological model, 

where individual, interpersonal, community, organizational and high-level policy collectively 

influence youth physical activity.(127,150,156,157) Past research suggests that proximal factors 

(e.g., self-efficacy, peer support) may have a larger influence on youth physical activity 

compared to distal factors (e.g., school physical activity policies, facilities and programs),(150) 

which may explain our null findings. For example, individual factors such as knowledge, 
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attitudes and behaviours, and interpersonal factors such as family, friends and social networks 

may be more influential on youth physical activity behaviours, compared to organizational 

factors such as the school-environment.(134,135,138,150,156,158–160) This concept was 

reflected in our findings, as student physical activity behaviours, specifically participation in 

intramural, varsity and community sports, were all positively associated with MVPA over time, 

while changes in the school environment, including intramurals and other physical activity 

programs, were mostly unassociated with students’ MVPA. However, in line with the socio-

ecological model, we can best explain physical activity behaviours when considering multiple 

factors across all levels,(127,150,156,157) and future research should examine how the proximal 

and distal factors interrelate to influence youth MVPA.  

In Study 2, we found that adding team and individual intramurals was positively and 

significantly associated with female students’ MVPA in Y6, regardless of participation. This 

result suggests that there is an indirect association between changes in intramurals at the school-

level and individual female student MVPA in those schools. Other research has found this 

positive and indirect association, as regardless of participation, students attending schools with a 

more intramurals engaged in more physical activity compared to those attending schools with a 

fewer intramurals.(69) Perhaps schools that added team and individual intramurals had a 

mandate to create and support an inclusive physical activity environment.(136) Through this 

mandate, schools may have addressed key individual and interpersonal factors that are especially 

important for female physical activity, including: (i) autonomy, by providing females with a 

variety of physical activity opportunities, (ii) self-efficacy, by providing opportunities for female 

students to develop physical literacy, be active role models and improve their fitness levels, and 

(iii) social attachment, by providing opportunities for females to socialize with peers in a 
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comfortable and safe space for physical activity.(88,89,134–138) Future research should explore 

the association between aspects of the school environment (e.g., physical activity programs and 

policies) and these individual and interpersonal factors related to female MVPA, considering that 

females are an at-risk group for physical inactivity, and the school environment is an important 

modifiable factor that may positively influence MVPA. 

Previous research has shown the that the effect of the school physical activity 

environment on MVPA may be different between male and female students.(72,93,161) This 

was reflected in our findings, as the positive association between adding team and individual 

intramurals on female MVPA was not observed among males. This is likely explained by the 

differences in motivations for physical activity and barriers to physical activity between male 

and female youth. Specifically, promoting an inclusive and supportive physical activity 

environment by adding intramurals may not target male motivations for physical activity, which 

include competition, strength and winning, and more likely targeted female motivations for 

physical activity which include peer socialization, inclusion and keeping fit.(88,134,135)  

Additionally, males may face less barriers to physical activity compared to females (e.g., on self-

efficacy, physical literacy, self-esteem, access to opportunities, and lack of time),(127,136) so 

the effect of a supportive and inclusive environment on MVPA may not be as evident among 

males compared to females.  

Although there were no significant associations between gender-specific and co-ed 

intramurals on youth MVPA in Study 3, the positive association between adding gender-specific 

intramurals on female MVPA in Y7 had a p-value of 0.05, warranting further examination with a 

larger school sample. This positive association was observed regardless of intramural 

participation, suggesting there may be an indirect association between adding gender-specific 
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intramurals and female MVPA over time. This is a noteworthy finding, as previous research has 

suggested that gender-specific intramurals are important to female participation (94) and 

physical activity,(89) and may promote equal opportunities for physical activity and address 

important barriers that female youth face to physical activity and sport participation.(89,110,136) 

It is likely that the addition of gender-specific intramurals in Study 3 is capturing the schools’ 

ongoing commitment to promote physical activity among females, and their mandate to support a 

diverse, inclusive and positive physical activity environment that appeals to female motivations 

for physical activity, while reducing barriers.(88,89,134–137) Moreover, adding gender-specific 

intramurals may promote social norms for female physical activity and cause a contagion effect 

among female students, leading to increases in physical activity.(162) Motivations for female 

physical activity include peer socialization and inclusion,(88,134,135) so the contagion effect of 

physical activity may be especially important for females, and help to explain these findings 

among this group. Future research should examine the association between female-only 

intramurals and female MVPA over time with a larger school-level sample, to better understand 

this important association and inform programs, to increase physical activity among female 

youth.  

The indirect and positive association between changes in intramurals and female MVPA 

that were observed in Study 2 and 3, were not observed in Study 1. Study 1 examined general 

changes to intramurals (added, removed and no change) without considering other aspects of 

these changes, such as type (team and individual), gender-specific and co-ed intramurals. Based 

on Study 2 and 3, adding team, individual and gender-specific intramurals may be reflective of 

the schools’ mandates to promote supportive and inclusive school physical activity environment, 

which is important for female MVPA.(88,89,134–137). It is possible that the schools’ 
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commitments to a supportive and inclusive physical activity environment was not captured in the 

general changes to intramurals, and these changes needed to be further categorized (e.g., into 

team, individual, gender-specific and co-ed) to more accurately examine the association between 

changes in intramurals on female MVPA over time.  

Although the impact of intramurals on student MVPA over time may be limited on their 

own, intramurals may be an important part of more comprehensive school-based strategies to 

improve youth physical inactivity.(130,131) Previous research suggests that multi-faceted 

physical activity interventions are most effective, and successful interventions often integrate 

changes to the school curriculum and the school environment while encouraging community 

engagement and parental involvement.(48,52,53) Additionally, intramurals may be important for 

female physical activity, which is important, given they are at-risk group for physical inactivity. 

8.3 Implications for Practice 

This dissertation comprehensively examined how changes in intramurals associated with 

student MVPA over time, and highlights many important implications for school stakeholders. 

Based on the limited impact intramurals had on student MVPA in our studies, intramurals are 

likely not an effective strategy on their own to address student physical inactivity within schools. 

However, schools should continue to offer a variety of intramurals, as these programs offer many 

benefits to students, above and beyond physical activity, with very limited disadvantages. In our 

studies, intramural, varsity and community sport participation were all positively and 

significantly associated with youth MVPA. Although the amount of MVPA accumulated from 

intramural participation was lesser compared to varsity and community sport participation, 

intramurals provide youth with inclusive school-based opportunities for physical activity and are 

modestly and positively associated with youth MVPA.(69,72,73) Intramurals may reduce 
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barriers such as time-constraints, cost, lack of skill/ability and accessibility, that are commonly 

associated with youth sport participation,(163) and are especially important for youth who do not 

participate in varsity and community sports.(146) Additionally, community sports may be 

exclusive to youth of high socioeconomic status, which potentially limits these physical activity 

opportunities among youth in low and middle socioeconomic groups.(164) This highlights that 

schools should continue to offer a variety of intramurals, as these programs provide students with 

an inclusive sports opportunities that address common barriers to sport participation.  

Intramurals may also provide students with opportunities to participate in a wide variety 

of activities throughout the school year, which is a concept known as sport sampling.(74,75) 

Sport sampling may help youth find a sport/activity they enjoy participating in, which can 

promote confidence and physical activity participation that may continue into adulthood.(31,74–

80) Finding an enjoyable sport/activity in youthhood may promote the competence, confidence 

and knowledge to be physically active for life, a concept known as physical literacy.(136,165) 

Recent research suggests that physical literacy in youth may positively influence physical 

activity behaviours and health outcomes later in life.(136,165) Additionally, intramurals may 

provide students with the opportunity for a “first try” at sports, which helps develop physical 

literacy among students who were not able to participate in sports or other physical activities at a 

younger age.(136,165) This underscores the importance of intramurals as school-based physical 

activity programs, considering they provide students with opportunities to engage in sport 

sampling and develop physical literacy, which is especially important for youth that do not 

participate in community sports (146) and for those that did not participate in sports at a younger 

age.   
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Previous research suggests that changes in the school physical activity environment may 

have different effects on youth MVPA between schools,(139) which may have been reflected in 

our study results, as changes in intramurals within schools were mainly not associated with 

student MVPA over time. This suggests that a uniform approach to intramurals may not be 

appropriate across COMPASS schools, as not all changes to the school physical activity 

environment will have the same effect on student MVPA across schools.(139) This may be 

explained by differences in the available resources and existing school programs, policies, and 

facilities between schools that may interrelate to influence student MVPA.(70,139,140,154) 

Schools should consider changes to intramurals based on the unique needs of their students, 

while considering other aspects of the school environment (e.g., established physical activity 

programs and policies).(70,136,139,140,154) Student engagement is important for the 

implementation of physical activity programming and schools may consider surveying students 

on their intramural preferences or conducting informal evaluations of intramurals based on 

demand, which could be measured by participation rates. Perhaps schools can re-evaluate their 

intramural offerings on a seasonal or annual basis, to address the changing needs of their students 

as they progress throughout secondary school. For example, sport participation tends to decrease 

throughout secondary school,(166) and this may be attributed to changes in intrapersonal factors 

associated with sport participation, such as lack of enjoyment and lack of time.(137,144) 

Regularly reassessing and implementing changes to intramural offerings may address some of 

these factors, and keep students continuously engaged in intramurals over time. 

Lastly, in addition to physical activity, participation in intramurals are associated with 

several positive outcomes, including improved mental health,(8,9,167) academic 

performance,(13,14) socialization,(7) self-esteem, social interaction,(167) and reduced substance 
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use.(82) Additionally, recent research found that consistent participation in intramurals 

throughout secondary school was protective of cigarette and cannabis use over time,(132) 

highlighting that intramurals may be an equitable and cost-effective method to address substance 

use in youth. Considering the multitude of health benefits associated with intramurals 

participation, schools should consider implementing and promoting intramurals as viable 

strategies to encourage healthy psychological, social, and academic development among their 

students.(7–9,13,14,82,167)  

8.4 Implications for Research 

This dissertation creates a strong foundation for future studies and highlights many 

directions for future research on intramurals and student MVPA. Firstly, this study may have 

been underpowered at the school-level, therefore future research should examine changes in 

intramurals on youth MVPA over time using a larger school sample. For example, the novel 

methods employed in this dissertation can be replicated using more recent COMPASS data, as 

there is a substantially larger sample of schools and students in later years of the study. 

Additionally, based on the important findings from Study 3, gender-specific intramurals may be 

important for female MVPA, and other research has highlighted the positive effect of female-

only intramurals for female participation.(94) It is likely that female-only intramurals are 

positively associated with female MVPA as well,(89) and the examination of this association 

with a larger school-level sample would enable the detection of a significant effect if one were to 

exist, and would provide a more comprehensive examination of how changes in intramurals 

associate with MVPA over time. This is an important association to examine, considering female 

youth are an at-risk group for physical inactivity.  
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Secondly, future research should examine how changes in intramurals associate with 

youth intramural participation over time, as previous research suggests that intramural offerings 

are associated with youth participation cross-sectionally.(94) Examining how intramurals are 

associated with youth participation longitudinally, would determine whether these programs are 

protective against the declining trajectory of sport participation among this group.(32,33) 

Additionally, mixed methods approaches could be used to further examine youth intramural 

participation, and more specifically, to understand why youth participate in intramurals. Past 

research suggests that youth MVPA and sport participation decreases over time,(32,33) which 

may be explained by an increase in time constraints, reduced enjoyment, increased social 

pressures and decreased perceived competence that youth experience over time.(137,144,168) 

Although overall sport participation may decrease, there is research to suggest this decrease may 

be specific to team sports,(166,169) and participation in non-competitive forms of physical 

activity may increase, especially among females.(169) This suggests that as non-competitive 

activities, such as intramurals, although perhaps not effective at increasing MVPA among 

students, could be a viable activity to prevent further decreases in physical activity among older 

youth. Although these data are not available in COMPASS, understanding the reasons that youth 

participate in intramurals and why they participate in some activities (e.g., individual, team, 

gender-specific, co-ed) compared to others, would provide evidence to inform and tailor the 

offerings of these programs. This would help to maximize participation and prevent further 

declines in MVPA among students as they age, which is critical given the declining physical 

activity levels and sport participation among this population. Future research may also consider 

replicating or conducting similar studies to examine how changes in intramurals associate with 

MVPA over time, and stratifying the analyses by intramural participation. In our studies, we did 
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not stratify the analyses by intramural participation, which had practical and methodological 

rationales. Practically, when schools implement intramurals, they are supporting a whole school 

approach to physical inactivity, and these programs would be available to all students, not just 

those students that reported participating at the time of data collection. Methodologically, the 

analyses were already stratified by gender, and stratifying the data again by intramural 

participation was not feasible, as the cell counts were too small to run reliable models. It is likely 

that the effect of changes in intramurals on youth MVPA is affected by intramural participation, 

and future research with larger sample sizes may consider examining this association by student 

intramural participation.  

Thirdly, it is important to examine how the offering of intramurals in schools are 

associated with MVPA among students from different socioeconomic groups. Previous research 

suggests that youth of higher socioeconomic status are more likely to participate in sports (170) 

and achieve more physical activity,(95–97) compared to those of lower socioeconomic status. 

This may be especially true for community sports,(146) which are typically exclusive to youth of 

higher socioeconomic status.(164) Considering intramurals require no cost or transportation to 

participate,(68) these activities may be especially important for students of lower socioeconomic 

status,(170,171) and may provide this group with inclusive opportunities for sport participation 

and physical activity. Although measures of student-level weekly spending money and school 

neighbourhood median income were included in this research, weekly spending money is a 

proxy of socioeconomic status, and school neighbourhood median income may not be 

representative of individual socioeconomic status. Future studies may consider including 

individual measures of individual socioeconomic status in their analyses through stratification, to 

examine if the effect of intramurals on participation and MVPA differs between socioeconomic 
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groups. This may provide evidence to support intramurals as a strategy to increase sport 

participation and physical activity among this at-risk group.  

Lastly, we hypothesized that fostering a supportive physical activity environment is a 

plausible explanation for the positive and indirect association that was observed between changes 

in intramurals and female physical activity.(69,150–153) This supportive school environment for 

physical activity is likely associated with school connectedness,(70,172) which is the belief held 

by students that adults and peers within their school care about their learning and well-

being.(173) Future research should examine the association between intramurals and school 

connectedness, as creating a supportive physical activity environment by offering intramurals, 

may improve school connectedness among students.(98,174,175) If intramurals are positively 

associated with school connectedness, schools should consider intramurals and other physical 

activity programs to promote school connectedness among their students, as it is associated with 

positive health behaviours, including increased physical activity and reduced substance use 

behaviours among students.(98,175)  

8.5 Strengths and Limitations 

8.5.1 Strengths  

This research comprehensively examined how changes in intramurals were associated with 

youth MVPA over time through the robust evaluation of a natural experiment. To our 

knowledge, this was the first set of studies to examine how general changes, changes in team and 

individual and changes in gender-specific and co-ed intramurals associate with youth MVPA 

over time. This research addressed important gaps in the intramural and youth physical activity 

literature. Firstly, there was a lack of experimental research evaluating the effectiveness of 

intramural programs on students’ physical activity outcomes. This research addressed this gap 
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through the evaluation of a natural experiment using a robust quasi-experimental design and a 

large linked sample of longitudinal data. This design has high internal and external validity 

because of its pre-intervention and post-intervention (longitudinal) measures an intervention and 

control group.(107) To address potential bias due to confounding, relevant student 

sociodemographic and behavioural characteristics and school-level factors were measured and 

included in the analyses. Additionally, the student-level sample included those with complete 

data and monotone missingness on MVPA, providing a more robust evaluation compared to 

complete case analysis. Secondly, this dissertation systematically examined how intramurals 

associate with physical activity over time, as we considered the quantity of intramurals and the 

categories of these programs, including the type (team and individual) and gender-offering (e.g., 

gender-specific and co-ed) when deriving the intramural change variables. This provided a very 

comprehensive examination of how intramurals were associated with students’ MVPA over time, 

and highlights important directions for future research on type and gender-offering of 

intramurals.  

This dissertation also employed an innovative and robust approach to program evaluation 

through the use of indicator variables. These indicator variables allowed for the examination of 

how changes in intramurals were associated with youth MVPA in Y6 and into Y7, under the 

assumption these changes were maintained into this year. Typical linear mixed models used in 

longitudinal program evaluation would include an interaction term between the main exposure 

(program implementation) and time, to examine the impact of program change on an outcome 

over time. These hierarchical models often prove difficult to converge, and a two-way interaction 

term between program change and time is difficult to interpret, complicating the dissemination of 

the results of a program evaluation to stakeholders. The indicator method employed in this 
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dissertation is a practical approach to program evaluation, as it evaluates how a program will 

impact an outcome in the year it was implemented, and into subsequent years, given that the 

circumstances of the program remain constant in those years. The results from this method are 

easily interpreted and conveyed, and stakeholders can use these evaluation data to easily inform 

program development and implementation into subsequent years. Future research involving the 

evaluation of school physical activity programs may consider employing this method to generate 

practice-based evidence that be used by stakeholders to make evidence-based decisions about 

school-based physical activity programs. 

8.5.2 Limitations 

COMPASS collects data from a convenience sample of students and the schools they 

attend,(109) which may limit the generalizability of the results.(111)  However, the COMPASS 

study has a large sample size and utilizes as active-information, passive-consent protocol to 

encourage participation and honest response.(113).This recruitment method has been shown to 

limit self-selection and response biases and generate more robust results.(109) Despite the large 

student-level sample, this study may have been under-powered at the school-level. This 

potentially limits the ability to detect significant associations between changes in intramurals on 

youth MVPA over time. Future research should consider examining changes in intramurals on 

youth MVPA with larger school samples that can be successfully linked longitudinally. 

This research evaluated a natural experiment (changes in intramural programs) which 

introduced the potential of bias due to confounding.(105,107) Bias due to confounding can be 

addressed by randomization in experimental research, however considering the nature of natural 

experimental studies (e.g., the researcher does not assign the intervention) this was not 

possible.(105,107) Other methods to address bias due to confounding in observational research 
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include the use of a comparison group and measuring and controlling for important contextual 

factors through stratification or adjustment.(105–107) To mitigate bias due to confounding, 

comparison groups were used in the analyses and several known important contextual factors 

were measured by the SPP and Cq and were included in the models. Residual confounding is the 

distortion between the intervention and the outcome that remains after controlling for 

confounding variables. This is a potential limitation of natural experimental studies because of 

the lack of randomization of the intervention to experimental units. To mitigate this limitation, 

data collected on important confounding variables (by the Cq and the SPP) were controlled for in 

the analyses. 

There are some limitations related to the measurement of the intramural participation and 

MVPA. Firstly, intramural participation is limited by its dichotomous nature, as the frequency, 

duration, type or extent of participation in intramural programs is not measured. Secondly, this 

measure of intramural participation does not capture students who may have initiated 

participation. It would be interesting to examine if changes in intramurals are associated with 

initiation of participation in intramurals, and future research may consider examining how 

changes in intramurals associate with different patterns of intramural participation (e.g., initiated, 

consistent or quit participation) over time.(132) Thirdly, the Cq relies on self-report data, 

introducing the potential for social desirability and recall biases, which affect the validity of the 

measure.(176) However, the students are assured that their responses will remain anonymous on 

the Cq which may be helpful in reducing social desirability bias and encouraging honest 

responses.(177) Additionally, if there is misreporting on physical activity outcomes, it was likely 

consistent over time, limiting its impact on this longitudinal research.(117) Specific to the 

MVPA outcome, the Cq provides definitions and examples of moderate and hard physical 
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activity which has been shown to aid in recall and reduce recall bias.(178,179) Research 

examining the reliability and validity of the physical activity measure on the Cq found it to be an 

acceptable measure of MVPA for school-level research of health behaviours among youth.(117)  

8.6 Conclusions 

This dissertation comprehensively evaluated how changes in intramurals associate with 

youth MVPA over time using a robust quasi-experimental design. Intramural participation was 

significantly associated with youth MVPA over time and adding individual and team intramurals 

were positively associated with female MVPA, regardless of intramural participation. General 

changes in intramurals and changes in gender-specific and co-ed intramurals were not associated 

with female or male MVPA over time. However, the association between adding gender-specific 

intramurals and female MVPA should be further explored, as this analysis may have been under-

powered at the school-level. The indirect and positive association between adding individual and 

team intramurals were positively associated with female MVPA may have reflected a supportive 

school environment that targeted important intrapersonal and interpersonal factors associated 

with female physical activity. Additionally, gender-specific intramurals may promote a 

supportive physical activity environment by fostering self-efficacy, enjoyment and peer support, 

especially among females, and this association should be examined with a larger school sample.  

Based on Study 1, 2 and 3, changes in intramurals were not significantly associated with 

male MVPA over time. This suggests that changes in intramurals are not effective at increasing 

MVPA among males, and may be explained by the fact that the inclusive and supportive nature 

of intramurals generally do not target male motivations for physical activity, which include 

competition, strength and winning.  
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Although changes in intramurals were generally not associated with youth MVPA, 

intramurals are associated with several other important outcomes among youth, such as sport 

sampling, physical literacy, socialization, school connectedness and reduced substance use. 

Schools should offer intramurals as inclusive physical activity programs, in addition to other 

physical activity programs and policies, to encourage equitable access to sport and physical 

activity and to foster healthy behaviours among youth.  

 

  



133 
 

References 

1.  World Health Organization. Physical Activity [Internet]. [cited 2019 Mar 27]. Available 
from: https://www.who.int/dietphysicalactivity/pa/en/ 

2.  Canadian Society for Exercise Physiology. Canadian 24-Hour Movement Guidelines: 
Glossary of Terms [Internet]. [cited 2019 Mar 27]. Available from: 
http://www.csep.ca/en/guidelines/glossary-2017 

3.  IPAQ. Guidelines for Data Processing and Analysis of the International Physical Activity 
Questionnaire (IPAQ) – Short and Long Forms. IPAQ Res Comm. 2005;(November):1–
15.  

4.  Canadian Society for Exercise Physiology. Canadian 24-Hour Movement Guidlines 
Glossary of Terms [Internet]. 2017. Available from: 
https://www.csep.ca/en/guidelines/glossary-2017 

5.  Canadian Society for Exercise Physiology. Canadian 24-Hour Movement Guidelines for 
Children and Youth (ages 5-17 years): An Integration of Physical Activity, Sedentary 
Behaviour and Sleep [Internet]. 2017. Available from: https://csepguidelines.ca/children-
and-youth-5-17/ 

6.  Saunders TJ, Gray CE, Poitras VJ, Chaput J-P, Janssen I, Katzmarzyk PT, et al. REVIEW 
Combinations of physical activity, sedentary behaviour and sleep: relationships with 
health indicators in school-aged children and youth. Appl Physiol Nutr Metab [Internet]. 
2016 [cited 2019 Apr 11];41:S283–93. Available from: 
http://nrcresearchpress.com/doi/suppl/10.1139/apnm-2015-0626. 

7.  World Health Organization. Physical Activity and Young People [Internet]. [cited 2019 
Mar 27]. Available from: https://www.who.int/ncds/prevention/physical-
activity/factsheet_young_people/en/ 

8.  U.S. Department of Health and Human Services. 2018 Physical Activity Guidelines 
Advisory Committee Scientific Report [Internet]. US Department of Health and Human 
Services. 2018 [cited 2020 Jun 25]. Available from: 
https://health.gov/paguidelines/second-
edition/report/pdf/PAG_Advisory_Committee_Report.pdf 

9.  Janssen I, LeBlanc AG. Systematic review of the health benefits of physical activity and 
fitness in school-aged children and youth. Int J Behav Nutr Phys Act. 2010;7(40).  

10.  DeRuiter WK, Cairney J, Leatherdale ST, Faulkner GEJ. A longitudinal examination of 
the interrelationship of multiple health behaviors. Am J Prev Med [Internet]. 2014 [cited 
2019 Apr 10];47(3):283–9. Available from: 
http://dx.doi.org/10.1016/j.amepre.2014.04.019 

11.  deRuiter WK, Cairney J, Leatherdale S, Faulkner G. The period prevalence of risk 
behavior co-occurrence among Canadians. Prev Med (Baltim) [Internet]. 2016;85:11–6. 
Available from: http://dx.doi.org/10.1016/j.ypmed.2015.11.026 

12.  ParticipACTION. The 2018 ParticipACTION Report Card on Physical Activity for 



134 
 

[Internet]. Toronto; 2018 [cited 2019 Apr 12]. Available from: 
www.participACTION.com/reportcard. 

13.  Álvarez-Bueno C, Pesce C, Cavero-Redondo I, Sánchez-López M, Garrido-Migue M, 
Martínez-Vizcaíno V. Academic Achievement and Physical Activity: A Meta Analysis. 
Pediatrics [Internet]. 2017;140(6). Available from: 
http://sk.sagepub.com/reference/encyclopedia-of-school-health/n6.xml 

14.  Centers for Disease Control and Prevention. The Association Between School-Based 
Physical Activity, Including Physical Education, and Academic Performance [Internet]. 
Atlanta, Georgia; 2010 [cited 2019 May 21]. Available from: 
https://www.cdc.gov/healthyyouth/health_and_academics/pdf/pa-pe_paper.pdf 

15.  Poitras VJ, Ellen Gray C, Borghese MM, Carson V, Chaput J-P, Janssen I, et al. 
Systematic review of the relationships between objectively measured physical activity and 
health indicators in school-aged children and youth. Appl Physiol Nutr Metab [Internet]. 
2016 [cited 2019 Jul 25];41(6 Suppl 3):S197-239. Available from: 
http://nrcresearchpress.com/doi/suppl/10.1139/apnm-2015-0663. 

16.  Tremblay MS, Carson V, Chaput J-P. Introduction to the Canadian 24-Hour Movement 
Guidelines for Children and Youth: An Integration of Physical Activity, Sedentary 
Behaviour, and Sleep. Appl Physiol Nutr Metab [Internet]. 2016;41(Suppl 3):S311–27. 
Available from: http://www.nrcresearchpress.com/doi/10.1139/apnm-2016-0203 

17.  Chaput J-P, Carson V, Gray C, Tremblay M, Chaput J-P, Carson V, et al. Importance of 
All Movement Behaviors in a 24 Hour Period for Overall Health. Int J Environ Res Public 
Health [Internet]. 2014 Dec 4 [cited 2019 Apr 11];11(12):12575–81. Available from: 
http://www.mdpi.com/1660-4601/11/12/12575 

18.  Carson V, Chaput JP, Janssen I, Tremblay MS. Health associations with meeting new 24-
hour movement guidelines for Canadian children and youth. Prev Med (Baltim) [Internet]. 
2017;95:7–13. Available from: http://dx.doi.org/10.1016/j.ypmed.2016.12.005 

19.  Roberts KC, Yao X, Carson V, Chaput J, Janssen I, Tremblay MS. Meeting the Canadian 
24-Hour Movement Guidelines for Children and Youth. Heal reports / Stat Canada. 
2017;28(10):3–7.  

20.  Colley RC, Carson V, Garriguet D, Janssen I, Roberts KC, Tremblay MS. Physical 
activity of Canadian children and youth, 2007-2015. Heal Reports. 2017;28(10):8–16.  

21.  Janssen I, Roberts KC, Thompson W. Adherence to the 24-hour movement guidelines 
among 10- to 17-year-old Canadians. Heal Promot Chronic Dis Prev Canada. 
2017;37(11):369–75.  

22.  Kelder SH, Perry CL, Klepp KI, Lytle LL. Longitudinal tracking of adolescent smoking, 
physical activity, and food choice behaviors. Am J Public Health. 1994;84(7):1121–6.  

23.  Leatherdale ST, Burkhalter R. The substance use profile of Canadian youth: Exploring the 
prevalence of alcohol, drug and tobacco use by gender and grade. Addict Behav [Internet]. 
2012;37(3):318–22. Available from: http://dx.doi.org/10.1016/j.addbeh.2011.10.007 

24.  Leatherdale ST, Ahmed R. Screen-based sedentary behaviours among a nationally 



135 
 

representative sample of youth : Are Canadian kids couch potatoes ? 
2015;31(September):141–7.  

25.  Licence K. Promoting and protecting the health of children and young people. Child Care 
Health Dev. 2004;30(6):623–35.  

26.  Contardo Ayala AM, Salmon J, Dunstan DW, Arundell L, Parker K, Timperio A. 
Longitudinal Changes in Sitting Patterns, Physical Activity, and Health Outcomes in 
Adolescents. Children [Internet]. 2019 Dec 23 [cited 2019 May 29];6(2). Available from: 
http://www.mdpi.com/2227-9067/6/1/2 

27.  Harding SK, Page AS, Falconer C, Cooper AR. Longitudinal changes in sedentary time 
and physical activity during adolescence. Int J Behav Nutr Phys Act [Internet]. 2015 Dec 
1 [cited 2019 May 29];12(1):44. Available from: 
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-015-0204-6 

28.  Gordon-Larsen P, Nelson MC, Popkin BM. Longitudinal Physical Activity and Sedentary 
Behavior Trends Adolescence to Adulthood. Am J Prev Med [Internet]. 2004 [cited 2018 
Dec 4];27(4):277–83. Available from: www.ajpm-online.net. 

29.  Walters S, Barr-Anderson DJ, Wall MHB, Neumark-Sztainer D, Neu-Mark-Sztainer D. 
Does Participation in Organized Sports Predict Future Physical Activity for Adolescents 
from Diverse Economic Backgrounds? J Adolesc Heal. 2009;44:268–74.  

30.  Telama R, Yang X. Decline of physical activity from youth to young adulthood in 
Finland. Med Sci Sports Exerc [Internet]. 2000;32(9):1617–22. Available from: 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed5&NEWS=N&AN
=2000327676 

31.  Kjønniksen L, Torsheim T, Wold B. Tracking of leisure-time physical activity during 
adolescence and young adulthood: a 10-year longitudinal study. Int J Behav Nutr Phys Act 
[Internet]. 2008 Dec 29 [cited 2019 May 30];5(1):69. Available from: 
http://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-5-69 

32.  Van Mechelen W, Twisk J, Post G, Snel J, Kemper H. Physical activity of young people: 
The Amsterdam Longitudinal Growth and Health Study. Med Sci Sports Exerc. 
2000;32(9):1610–6.  

33.  Telford RM, Telford RD, Cochrane T, Cunningham RB, Olive LS, Davey R. The 
influence of sport club participation on physical activity, fitness and body fat during 
childhood and adolescence: The LOOK Longitudinal Study. J Sci Med Sport [Internet]. 
2016 [cited 2019 May 30];19:400–6. Available from: 
http://dx.doi.org/10.1016/j.jsams.2015.04.008 

34.  Farooq MA, Parkinson KN, Adamson AJ, Pearce MS, Reilly JK, Hughes AR, et al. 
Timing of the decline in physical activity in childhood and adolescence: Gateshead 
Millennium Cohort Study. Br J Sport Med [Internet]. 2018 [cited 2019 Jun 5];52:1002–6. 
Available from: http://bjsm.bmj.com/ 

35.  Cairney J, Veldhuizen S, Kwan M, Hay J, Faught BE. Biological Age and Sex-Related 
Declines in Physical Activity during Adolescence. Med Sci Sport Exerc [Internet]. 2014 



136 
 

Apr [cited 2019 Sep 11];46(4):730–5. Available from: 
https://insights.ovid.com/crossref?an=00005768-201404000-00012 

36.  Metcalf BS, Hosking J, Jeffery AN, Henley WE, Wilkin TJ. Exploring the Adolescent Fall 
in Physical Activity. Med Sci Sport Exerc [Internet]. 2015 Oct [cited 2019 Sep 
11];47(10):2084–92. Available from: https://insights.ovid.com/crossref?an=00005768-
201510000-00010 

37.  Cumming SP, Standage M, Gillison F, Malina RM. Sex Differences in Exercise Behavior 
During Adolescence: Is Biological Maturation a Confounding Factor? J Adolesc Heal 
[Internet]. 2008 May 1 [cited 2019 Sep 11];42(5):480–5. Available from: 
https://www.sciencedirect.com/science/article/pii/S1054139X07004156 

38.  Corder K, Winpenny E, Love R, Brown HE, White M, van Sluijs E. Change in physical 
activity from adolescence to early adulthood: a systematic review and meta-analysis of 
longitudinal cohort studies. Br J Sports Med [Internet]. 2019 [cited 2019 Sep 11];53:496–
501. Available from: https://bjsm.bmj.com/content/bjsports/53/8/496.full.pdf 

39.  Dumith SC, Gigante DP, Domingues MR, Kohl HW. Physical activity change during 
adolescence: a systematic review and a pooled analysis. Int J Epidemiol [Internet]. 2011 
Jun 1 [cited 2019 May 29];40(3):685–98. Available from: 
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyq272 

40.  Telama R, Yang X, Leskinen E, Kankaanpää A, Hirvensalo M, Tammelin T, et al. 
Tracking of Physical Activity from Early Childhood through Youth into Adulthood. Med 
Sci Sport Exerc [Internet]. 2014 May [cited 2019 May 30];46(5):955–62. Available from: 
https://insights.ovid.com/crossref?an=00005768-201405000-00014 

41.  Manuel DG, Perez R, Sanmartin C, Taljaard M, Hennessy D, Wilson K, et al. Measuring 
Burden of Unhealthy Behaviours Using a Multivariable Predictive Approach: Life 
Expectancy Lost in Canada Attributable to Smoking, Alcohol, Physical Inactivity, and 
Diet. 2016 [cited 2020 Jan 28]; Available from: https://www.projectbiglife.ca 

42.  Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A comparative 
risk assessment of burden of disease and injury attributable to 67 risk factors and risk 
factor clusters in 21 regions, 1990–2010: a systematic analysis for the Global Burden of 
Disease Study 2010. Lancet [Internet]. 2012 [cited 2020 Nov 25];380(9859):2224–60. 
Available from: www.thelancet.com 

43.  Ford ES, Zhao G, Tsai J, Li C. Low-Risk Lifestyle Behaviors and All-Cause Mortality: 
Findings From the National Health and Nutrition Examination Survey III Mortality Study. 
Am J Public Health. 2011;101(10).  

44.  Statistics Canada. Elementary–Secondary Education Survey for Canada, the provinces and 
territories, 2016/2017 [Internet]. 2018. Available from: 
https://www150.statcan.gc.ca/n1/daily-quotidien/181102/dq181102c-eng.htm 

45.  U.S Department of Health and Human Services. Physical Activity Guidelines for 
Americans Midcourse Report : Strategies to Increase Physical Activity Among Youth 
[Internet]. Washington, DC; 2012 [cited 2019 May 28]. Available from: 
https://health.gov/our-work/physical-activity/previous-guidelines/2013-midcourse-report 



137 
 

46.  Statistics Canada. Education Indicators in Canada, biannual [Internet]. 2017. Available 
from: https://www150.statcan.gc.ca/n1/daily-quotidien/170329/dq170329g-eng.htm 

47.  Lister-Sharp D, Chapman S, Stewart-Brown S, Sowden A. Health promoting schools and 
health promotion in schools: two systematic review. Health Technol Assess (Rockv). 
1999;3(22).  

48.  Timperio A, Salmon J, Ball K. Evidence-based strategies to promote physical activity 
among children, adolescents and young adults: review and update. J Sci Med Sport 
[Internet]. 2004;7(1 Suppl):20–9. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/15214598 

49.  Dwyer JJM, Allison KR, LeMoine KN, Adlaf EM, Goodman J, Faulkner GEJ, et al. A 
Provincial Study of Opportunities for School-based Physical Activity in Secondary 
Schools. J Adolesc Heal [Internet]. 2006 Jul [cited 2019 May 31];39(1):80–6. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/16781965 

50.  Public Health Agency of Canada. Curbing Childhood Obesity : A Federal, Provincial and 
Territorial Framework for Action to Promote Healthy Weights [Internet]. Health 
Promotion: Healthy Living. 2004. Available from: https://www.canada.ca/en/public-
health/services/health-promotion/healthy-living/curbing-childhood-obesity-federal-
provincial-territorial-framework.html 

51.  Centers for Disease Control and Prevention. Why Should Schools Provide Physical 
Activity Programs? [Internet]. [cited 2019 May 21]. Available from: 
http://iweb.aahperd.org/naspe/pdf_files/CSPAP_Package.pdf. 

52.  World Health Organization. Promoting Physical Activity in Schools: An important 
element of a health-promoting school [Internet]. 2007. Available from: 
https://www.who.int/school_youth_health/resources/information_series/FINAL 
Final.pdf?ua=1 

53.  Naylor P-J, Macdonald HM, Zebedee JA, Reed KE, McKay HA. Lessons learned from 
Action Schools! BC-An “active school” model to promote physical activity in elementary 
schools. J Sci Med Sport. 2006;9:413–23.  

54.  Mahar MT. Impact of short bouts of physical activity on attention-to-task in elementary 
school children. Prev Med (Baltim) [Internet]. 2011;52(SUPPL.):S60–4. Available from: 
http://dx.doi.org/10.1016/j.ypmed.2011.01.026 

55.  Institute of Medicine. Educating the Student Body: Taking Physical Activity and Physical 
Education to School. Washington, DC: The National Academic Press; 2013. 259–310 p.  

56.  Edwards MB, Kanters MA, Bocarro JN. Policy Changes to Implement Intramural Sports 
in North Carolina Middle Schools: Simulated Effects on Sports Participation Rates and 
Physical Activity Intensity, 2008–2009. Prev Chronic Dis [Internet]. 2014 Jan 16 [cited 
2019 Jul 25];11:130195. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24433623 

57.  Gray C, Larouche R, Barnes J, Colley R, Bonne J, Arthur M, et al. Are We Driving Our 
Kids to Unhealthy Habits? Results of the Active Healthy Kids Canada 2013 Report Card 
on Physical Activity for Children and Youth. Int J Environ Res Public Health [Internet]. 



138 
 

2014 Jun 5 [cited 2019 Jun 7];11(6):6009–20. Available from: 
http://www.mdpi.com/1660-4601/11/6/6009 

58.  D’Haese S, Vanwolleghem G, Hinckson E, De Bourdeaudhuij I, Deforche B, Van Dyck 
D, et al. Cross-continental comparison of the association between the physical 
environment and active transportation in children: a systematic review. Int J Behav Nutr 
Phys Act. 2015;12(1):145.  

59.  Stewart O. Findings from Research on Active Transportation to School and Implications 
for Safe Routes to School Programs. J Plan Lit. 2011;26(2):127–50.  

60.  Panter JR, Jones AP, van Sluijs EM. Environmental determinants of active travel in youth: 
a review and framework for future research. Int J Behav Nutr Phys Act. 2008;5:34.  

61.  Statistics Canada. Canada Goes Urban [Internet]. [cited 2019 Jul 26]. Available from: 
https://www150.statcan.gc.ca/n1/pub/11-630-x/11-630-x2015004-eng.htm 

62.  Loprinzi PD, Cardinal BJ, Cardinal MK, Corbin CB. Physical Education and Sport : Does 
Participation Relate to Physical Activity Patterns , Observed Fitness , and Personal 
Attitudes and Beliefs ? Am J Heal Promot. 2018;32(3):613–20.  

63.  Nakamura PM, Teixeira IP, Papini CB, de Lemos N, Nazario NMS, Kokubun E. Physical 
education in schools, sport activity and total physical activity in adolescents. Brazilian J 
Kinanthropometry Hum Perform. 2013;(January):517–26.  

64.  Pate RR, Ward DS, Neill JRO, Dowda M. Enrollment in Physical Education Is Associated 
With Overall Physical Activity in Adolescent Girls. Res Q Exerc Sport. 2007;78(4):265–
70.  

65.  Comte M, Hobin E, Manske S, Casey C, Griffith J, Leggett C, et al. Is the Provision of 
Physical Education to Senior-Years Students Associated With Greater Physical Activity 
Levels ? Insight Into a Province-Wide Policy. J Phys Act Heal. 2015;12:649–54.  

66.  Tassitano RM, Barros MVG, Tenorio MCM, Bezerra J, Florindo AA, Reis RS. 
Enrollment in Physical Education Is Associated With Health-Related Behavior Among 
High School Students. J Sch Health. 2010;80(3).  

67.  Ontario Ministry of Education. Health and Physical Education: The Ontario Curriculum 
Grades 9 to 12 [Internet]. 2015 [cited 2019 Jun 7]. Available from: www.ontario.ca/edu. 

68.  Action for Healthy Kids. Intramural Programs [Internet]. 2015. Available from: 
http://www.actionforhealthykids.org/tools-for-schools/find-challenges/on-the-playground-
challenges/1225-intramural-programs 

69.  Fuller D, Sabiston C, Karp I, Barnett T, O’Loughlin J. School Sports Opportunities 
Influence Physical Activity in Secondary School and Beyond. J Sch Health. 
2011;81(8):449–54.  

70.  Morton KL, Atkin AJ, Corder K, Suhrcke M, van Sluijs EMF. The school environment 
and adolescent physical activity and sedentary behaviour: a mixed-studies systematic 
review. Obes Rev [Internet]. 2016 Feb 1 [cited 2020 May 27];17(2):142–58. Available 
from: http://doi.wiley.com/10.1111/obr.12352 



139 
 

71.  Strong WB, Malina RM, Blimkie CJR, Daniels SR, Dishman RK, Gutin B, et al. Evidence 
based physical activity for school-age youth. J Pediatr. 2005;146(6):732–7.  

72.  Kurc A, Leatherdale S. The effect of social support and school- and community-based 
sports on youth physical activity. Can J Public Heal. 2009;100(1):60–4.  

73.  Hobin EP, Leatherdale S, Manske S, Dubin JA, Elliott S, Veugelers P. Are Environmental 
Influences on Physical Activity Distinct for Urban, Suburban, and Rural Schools? A 
Multilevel Study Among Secondary School Students in Ontario, Canada. J Sch Health 
[Internet]. 2013 May 1 [cited 2019 Jun 11];83(5):357–67. Available from: 
http://doi.wiley.com/10.1111/josh.12039 

74.  Coté J, Horton S, Wilkes S. The Benefits of Sampling Sports During Childhood. Phys 
Heal Educ J [Internet]. 2009;74(4):6–11. Available from: http://hdl.handle.net/1974/14508 

75.  US Department of Health and Human Services. The National Youth Sports Strategy 
[Internet]. Washington, DC; 2019 [cited 2020 Jun 25]. Available from: 
https://health.gov/our-work/physical-activity/national-youth-sports-strategy 

76.  Cleland V, Dwyer T, Venn A. Which domains of childhood physical activity predict 
physical activity in adulthood? A 20-year prospective tracking study. Br J Sports Med 
[Internet]. 2012 Jun 1 [cited 2019 May 30];46(8):595–602. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/22144006 

77.  Murphy MH, Rowe DA, Woods CB. Impact of physical activity domains on subsequent 
physical activity in youth: a 5-year longitudinal study. J Sports Sci [Internet]. 2017 [cited 
2019 May 30];35. Available from: http://dx.doi.org/10.1080/02640414.2016.1161219 

78.  Richards R, Williams S, Poulton R, Reeder A. Tracking Club Sport Participation From 
Childhood to Early Adulthood. Res Q Exerc Sport [Internet]. 2007 [cited 2019 May 
30];78(5):413–9. Available from: https://journals-scholarsportal-
info.proxy.lib.uwaterloo.ca/pdf/02701367/v78i0005/413_tcspfctea.xml 

79.  Tammelin T, Näyhä S, Hills AP, Järvelin M-R. Adolescent Participation in Sports and 
Adult Physical Activity. Am J Prev Med. 2003;24(1):22–8.  

80.  Telama R, Yang X, Hirvensalo M, Raitakari O. Participation in Organized Youth Sport as 
a Predictor of Adult Physical Activity: A 21-Year Longitudinal Study. Pediatr Exerc Sci. 
2006 Mar;18(1):76–88.  

81.  Katapally TR, Laxer RE, Qian W, Leatherdale ST. Do school physical activity policies 
and programs have a role in decreasing multiple screen time behaviours among youth? 
Prev Med (Baltim) [Internet]. 2018;110(July 2017):106–13. Available from: 
https://doi.org/10.1016/j.ypmed.2017.11.026 

82.  Williams GC, Burns KE, Battista K, de Groh M, Jiang Y, Leatherdale ST. High school 
sport participation and substance use: A cross-sectional analysis of students from the 
COMPASS study. Addict Behav Reports [Internet]. 2020;12. Available from: 
http://www.sciencedirect.com/science/article/pii/S2352853220301139 

83.  Aughey RJ, Buchheit M, Garvican-Lewis LA, Roach GD, Sargent C, Billaut F, et al. Yin 
and yang, or peas in a pod? Individual-sport versus team-sport athletes and altitude 



140 
 

training. [cited 2018 Dec 4]; Available from: http://bjsm.bmj.com/ 

84.  Tauer JM, Harackiewicz JM. The Effects of Cooperation and Competition on Intrinsic 
Motivation and Performance. J Pers Soc Psychol [Internet]. 2004 [cited 2018 Dec 
4];86(6):849–61. Available from: http://doi.apa.org/getdoi.cfm?doi=10.1037/0022-
3514.86.6.849 

85.  Michael SL, Coffield E, Lee SM, Fulton JE. Variety, Enjoyment, and Physical Activity 
Participation Among High School Students. J Phys Act Health [Internet]. 2016 Feb [cited 
2019 Jun 12];13(2):223–30. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/26107142 

86.  Deaner RO, Geary DC, Puts DA, Ham SA, Kruger J. A Sex Difference in the 
Predisposition for Physical Competition: Males Play Sports Much More than Females 
Even in the Contemporary. PLoS One [Internet]. 2012 [cited 2019 May 31];7(11):49168. 
Available from: www.plosone.org 

87.  Smith M, Berdel D, Nowak D, Heinrich J, Schulz H. Sport engagement by accelerometry 
under field conditions in German adolescents: Results from GINIPlus. PLoS One 
[Internet]. 2015 Aug 20 [cited 2020 Jun 25];10(8). Available from: 
/pmc/articles/PMC4546233/?report=abstract 

88.  McGovern J, Drewson SR, Hope A, Konopack JF. Gender Differences in a Youth 
Physical Activity Intervention : Movement Levels and Children’s Perceptions. Am J Heal 
Educ [Internet]. 2020;51(2):109–19. Available from: 
https://doi.org/10.1080/19325037.2020.1712667 

89.  Rees R, Kavanagh J, Harden A, Shepherd J, Brunton G, Oliver S, et al. Young people and 
physical activity : a systematic review matching their views to effective interventions. 
2006;21(6):806–25.  

90.  Caspersen CJ, Pereira MA, Curran KM. Changes in physical activity patterns in the 
United States, by sex and cross-sectional age. Med Sci Sports Exerc. 2000;32(9):1601–9.  

91.  Vilhjalmsson R, Kristjansdottir G. Gender differences in physical activity in older 
children and adolescents: The central role of organized sport. Soc Sci Med. 
2003;56(2):363–74.  

92.  Statistics Canada. Sport Participation 2010: Research Paper [Internet]. 2013. Available 
from: http://publications.gc.ca/collections/collection_2013/pc-ch/CH24-1-2012-eng.pdf 

93.  Hobin E, Leatherdale S, Manske S, Dubin J, Elliott S, Veugelers P. A multilevel 
examination of gender differences in the association between features of the school 
environment and physical activity among a sample of grades 9 to 12 students in Ontario, 
Canada. BMC Public Health [Internet]. 2012;12(1):74. Available from: 
http://www.biomedcentral.com/1471-2458/12/74 

94.  Williams GC, Burns KE, Battista K, De Groh M, Jiang Y, Leatherdale ST. A cross-
sectional examination of the association between co-ed and gender-specific school 
intramural programs and intramural participation among a sample of Canadian secondary 
school students. Prev Med Reports [Internet]. 2020 [cited 2021 Mar 9];20. Available 



141 
 

from: https://doi.org/10.1016/j.pmedr.2020.101233 

95.  Biddle SJH, Atkin AJ, Cavill N, Foster C. Correlates of physical activity in youth: a 
review of quantitative systematic reviews. Int Rev Sport Exerc Psychol [Internet]. 2011 
[cited 2019 Jul 5];4(1):25–49. Available from: http://www.informaworld.com 

96.  Sallis JF, Prochaska JJ, Taylor WC. A review of correlates of physical activity. Med Sci 
Sports Exerc. 2000;(1):963–75.  

97.  Sterdt E, Liersch S, Walter U. Correlates of physical activity of children and adolescents: 
A systematic review of reviews. Health Educ J [Internet]. 2014 [cited 2019 Jul 
5];73(1):72–89. Available from: https://journals-sagepub-
com.proxy.lib.uwaterloo.ca/doi/pdf/10.1177/0017896912469578 

98.  Weatherson KA, O’Neill M, Lau E, Qian W, Leatherdale ST, Faulkner GE. The 
Protective Effects of School Connectedness on Substance Use and Physical Activity. J 
Adolesc Heal [Internet]. 2018 [cited 2019 Jul 16];63:724–31. Available from: 
www.jahonline.org 

99.  Faulkner G, Zeglen L, Leatherdale S, Manske S, Stone M. The relationship between 
school physical activity policy and objectively measured physical activity of elementary 
school students: a multilevel model analysis. Arch Public Heal [Internet]. 2014 [cited 
2019 Sep 13];72(20). Available from: https://www-ncbi-nlm-nih-
gov.proxy.lib.uwaterloo.ca/pmc/articles/PMC4082160/pdf/2049-3258-72-20.pdf 

100.  Unicef. Communication for Development (C4D) Capability Development Framework, 
UNICEF and 3D Change [Internet]. 2009. Available from: 
http://intranet.unicef.org/pd/cbsc.nsf/Site 
Pages/Page01?OpenDocument&TableRow=3.2.3#3.2. 

101.  Craig P, Cooper C, Gunnell D, Haw S, Lawson K, Macintyre S, et al. Using natural 
experiments to evaluate population health interventions: new Medical Research Council 
guidance. J Epidemiol Community Heal [Internet]. 2012 [cited 2019 Feb 12];66:1182–6. 
Available from: http://www.mrc.ac.uk/nat- 

102.  Leatherdale ST. Natural experiment methodology for research: a review of how different 
methods can support real-world research. Int J Soc Res Methodol [Internet]. 2019 [cited 
2019 Feb 12];22(1):19–35. Available from: 
https://www.tandfonline.com/action/journalInformation?journalCode=tsrm20 

103.  Brownson RC, Fielding JE, Maylahn CM. Evidence-Based Public Health: A Fundamental 
Concept for Public Health Practice. Annu Rev Public Health [Internet]. 2009;30(1):175–
201. Available from: 
http://www.annualreviews.org/doi/10.1146/annurev.publhealth.031308.100134 

104.  Green LW. Public health asks of systems science: To advance our evidence-based 
practice, can you help us get more practice-based evidence? Am J Public Health. 
2006;96(3):406–9.  

105.  Gordis L. Epidemiology. Fifth. Philadelphia: Elsevier; 2014.  

106.  Petticrew M, Cummins S, Ferrell C, Findlay A, Higgins C, Hoy C, et al. Natural 



142 
 

experiments: An underused tool for public health? Public Health. 2005;119(9):751–7.  

107.  Leatherdale ST. Natural experiment methdology in health promotion and chronic disease 
prevention research and practice. Ottawa, ON; 2017.  

108.  School of Public Health and Health Systems, University of Waterloo. The COMPASS 
Study [Internet]. Available from: https://uwaterloo.ca/compass-system/compass-system-
projects/compass-study 

109.  Leatherdale ST, Brown SK, Carson V, Childs RA, Dubin JA, Elliott SJ, et al. The 
COMPASS study: a longitudinal hierarchical research platform for evaluating natural 
experiments related to changes in school-level programs, policies and built environment 
resources [Internet]. 2014 [cited 2019 Jan 16]. Available from: 
www.compass.uwaterloo.ca 

110.  Bocarro JN, Kanters MA, Edwards MB, Casper JM, Mckenzie TL. Prioritizing School 
Intramural and Interscholastic Programs Based on Observed Physical Activity. Am J Heal 
Promot [Internet]. 2014 [cited 2018 Dec 4];28(Supp 3). Available from: https://journals-
sagepub-com.proxy.lib.uwaterloo.ca/doi/pdf/10.4278/ajhp.130430-QUAN-205 

111.  Thompson-Haile A, Leatherdale ST. School board and school recruitment procedures. 
Compass Tech Rep Ser [Internet]. 2013;1(3). Available from: 
https://uwaterloo.ca/compass-system/publications/school-board-and-school-recruitment-
procedures 

112.  Thompson-Haile A, Leatherdale ST. Student-level Data Collection Procedures. Compass 
Tech Rep Ser [Internet]. 2013;1(5). Available from: https://uwaterloo.ca/compass-
system/publications/student-level-data-collection-procedures 

113.  Thompson-Haile A, Bredin C, Leatherdale ST. Rationale for using an Active-Information 
Passive-Consent Permission Protocol in COMPASS. Compass Tech Rep Ser [Internet]. 
2013;1(6). Available from: https://uwaterloo.ca/compass-system/publications/rationale-
using-active-information-passive-consent 

114.  Bredin C, Leatherdale ST. Development of the COMPASS Student Questionnaire. 
Compass Tech Rep Ser [Internet]. 2014;2(2). Available from: 
http://www.compass.uwaterloo.ca/ 

115.  University of Waterloo. About the COMPASS System [Internet]. Available from: 
https://uwaterloo.ca/compass-system/about 

116.  Bredin C, Leatherdale ST. Methods for linking COMPASS student-level data over time 
[Internet]. Vol. 1, COMPASS Technical Report Series. 2013. Available from: 
https://uwaterloo.ca/compass-system/publications/methods-linking-compass-student-
level-data-over-time 

117.  Leatherdale ST, Laxer RE, Faulkner G. Reliability and validity of the physical activity and 
sedentary behaviour measures in the COMPASS study. Compass Tech Rep Ser [Internet]. 
2014;2(1). Available from: www.compass.uwaterloo.ca 

118.  Statistics Canada. Census Profile. Statistics Canada Catalog no. 98-401-X2016026. 2016.  



143 
 

119.  SAS Institute INC. SAS/STAT(R) 9.22 User’s Guide: Missing Data Patterns [Internet]. 
Available from: 
https://support.sas.com/documentation/cdl/en/statug/63347/HTML/default/viewer.htm#sta
tug_mi_sect017.htm 

120.  Singer J, Willett J. Applied longitudinal data analysis: Modeling change and event 
occurrence. New York: Oxford University Press; 2003.  

121.  Field A. Discovering Statistics using IBM SPSS Statistics. Fourth Edi. London: SAGE 
Publications; 2013.  

122.  McArthur C, Hirdes J, Chaurasia A, Berg K, Giangregorio L. Quality Changes after 
Implementation of an Episode of Care Model with Strict Criteria for Physical Therapy in 
Ontario’s Long‐Term Care Homes. Health Serv Res. 2018;53(6).  

123.  Simons-Morton B, Haynie D, Liu D, Chaurasia A, Hingson R. The Effect of Residence, 
School Status, Work Status, and Social Infl uence on the Prevalence of Alcohol Use 
Among Emerging Adults. Vol. 77, Stud. Alcohol Drugs. 2016.  

124.  O’Brien F, Simons-Morton B, Chaurasia A, Luk J, Haynie D, Liu D. Post-High School 
Changes in Tobacco and Cannabis Use in the United States. Subst Use Misuse [Internet]. 
2018 Jan 2 [cited 2021 Feb 5];53(1):26–35. Available from: 
https://www.tandfonline.com/doi/abs/10.1080/10826084.2017.1322983 

125.  Government of Canada. Investing in Young Canadians [Internet]. 2019 [cited 2020 Jul 
16]. Available from: https://www.budget.gc.ca/2019/docs/youth-jeunes/youth-jeunes-
en.html 

126.  Battista K, Qian W, Bredin C, Leatherdale ST. Student Data Linkage over Multiple Years 
Compass. Technical Report Series. [Internet]. 2019 [cited 2020 Oct 30]. Available from: 
https://uwaterloo.ca/compass-system/student-data-linkage-over-multiple-years 

127.  Unicef. MODULE 1: Understanding the Social Ecological Model (SEM) and 
Communication for Development (C4D) [Internet]. 2015. Available from: 
https://www.unicef.org/earlychildhood/files/Module_1_-_MNCHN_C4D_Guide.docx 

128.  Allison KR, Adlaf EM, Dwyer JJM, Lysy DC, Irving HM. The Decline in Physical 
Activity Adolescent Students: A cross-national Comparison. Can J Public Heal. 
2007;98(2).  

129.  Lounassalo I, Salin K, Kankaanpää A, Hirvensalo M, Tolvanen S, Yang X, et al. Distinct 
trajectories of physical activity and related factors during the life course in the general 
population: a systematic review. BMC Public Health. 2019;19(271).  

130.  Fung C, Kuhle S, Lu C, Purcell M, Schwartz M, Storey K, et al. From “best practice” to 
“next practice”: the effectiveness of school-based health promotion in improving healthy 
eating and physical activity and preventing childhood obesity. Int J Behav Nutr Phys Act 
[Internet]. 2012;9(1):27. Available from: http://www.ijbnpa.org/content/9/1/27 

131.  Dobbins M, Husson H, Decorby K, Larocca RL. School-based physical activity programs 
for promoting physical activity and fitness in children and adolescents aged 6 to 18. Vol. 
2013, Cochrane Database of Systematic Reviews. John Wiley and Sons Ltd; 2013.  



144 
 

132.  Williams GC, Burns KE, Battista K, de Groh M, Jiang Y, Leatherdale ST. High School 
Intramural Participation and Substance Use: A Longitudinal Analysis of COMPASS Data. 
Subst Use Misuse. 2021;  

133.  Burns KE, Chaurasia A, Carson V, Leatherdale ST. Examining if Changes in the Type of 
School-Based Intramural Programs Affect Youth Physical Activity Over Time : A Natural 
Experiment Evaluation. Int J Environ Res Public Health. 2021;18(5).  

134.  Utter J, Denny S, Robinson EM, Ameratunga S, Watson P. Perceived Access to 
Community Facilities, Social Motivation, and Physical Activity among New Zealand 
Youth. J Adolesc Heal. 2006;39(5):770–3.  

135.  Król-Zielinska M, Groffik D, Bronikowski M, Kantanista A, Laudanska-Krzeminska I, 
Bronikowska M, et al. Understanding the Motives of Undertaking Physical Activity with 
Different Levels of Intensity among Adolescents : Results of the INDARES Study. 
Biomed Res Int. 2018;2018.  

136.  Johnstone L, Millar S. Actively engaging women and girls addressing the psycho-social 
factors. Ottawa, ON: Canadian Association for the Advancement of Women and Sport and 
Physical Activity; 2012.  

137.  Eime RM, Casey MM, Harvey JT, Sawyer NA, Symons CM, Payne WR. Socioecological 
factors potentially associated with participation in physical activity and sport: A 
longitudinal study of adolescent girls. J Sci Med Sport [Internet]. 2015 [cited 2021 Feb 
1];18:684–90. Available from: http://dx.doi.org/10.1016/j.jsams.2014.09.012 

138.  Li K, Iannotti RJ, Haynie DL, Perlus JG, Simons-Morton BG. Motivation and planning as 
mediators of the relation between social support and physical activity among U.S. 
adolescents: A nationally representative study. Int J Behav Nutr Phys Act. 2014;11(1):1–
9.  

139.  Hunter S, Leatherdale ST, Storey K, Carson V. A quasi-experimental examination of how 
school-based physical activity changes impact secondary school student moderate- to 
vigorous- intensity physical activity over time in the COMPASS study. Int J Behav Nutr 
Phys Act [Internet]. 2016;13(1):1–14. Available from: http://dx.doi.org/10.1186/s12966-
016-0411-9 

140.  Leatherdale ST, Manske S, Faulkner G, Arbour K, Bredin C. A multi-level examination of 
school programs, policies and resources associated with physical activity among 
elementary school youth in the PLAY-ON study. Int J Behav Nutr Phys Act. 2010;7(1):6.  

141.  Patte KA, Qian W, Leatherdale ST. Modifiable predictors of insufficient sleep durations: 
A longitudinal analysis of youth in the COMPASS study. Prev Med (Baltim). 
2018;106(November 2017):164–70.  

142.  Wong S, Leatherdale ST, Manske S. Reliability and validity of a school-based physical 
activity questionnaire. Med Sci Sport Exerc. 2006;38(9):1593–600.  

143.  Government of Alberta. High School Physical Education – My Child’s Learning: A Parent 
Resource [Internet]. [cited 2019 Jun 7]. Available from: 
http://www.learnalberta.ca/content/mychildslearning/highschool_physed_subject.html?sec



145 
 

tion=physed10#0 

144.  Witt PA, Dangi TB. Why Children/Youth Drop Out of Sports. J Park Recreat Admi. 
2018;36(3):191–9.  

145.  Dorn P. What’s the difference between intramural and club sports? [Internet]. Available 
from: https://www.collegexpress.com/articles-and-advice/athletics/ask-experts/whats-
difference-between-intramurals-and-sport-clubs/ 

146.  De Meester A, Aelterman N, Cardon G, De Bourdeaudhuij I, Haerens L. Extracurricular 
school-based sports as a motivating vehicle for sports participation in youth: a cross-
sectional study. Int J Behav Nutr Phys Act [Internet]. 2014 Apr 7 [cited 2019 May 
31];11(1):48. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24708585 

147.  Eime RM, Harvey JT, Sawyer NA, Craike MJ, Symons CM, Polman RCJ, et al. 
Understanding the Contexts of Adolescent Female Participation in Sport and Physical 
Activity. Res Q Exerc Sport. 2013;84.  

148.  Burns KE, Chaurasia A, Carson V, Leatherdale ST. A quasi-experimental examination of 
how changes in school-level intramurals are associated with physical activity among a 
sample of Canadian secondary school students from the COMPASS Study. SSM - Popul 
Heal. 2021;14.  

149.  Burns KE, Vermeer J, Battista K, Leatherdale ST. A School-Level Examination of the 
Association Between Programs and Policies and Physical Activity Outcomes Among 
Females from the COMPASS Study. Int J Environ Res Public Health. 2021;  

150.  Graham DJ, Wall MM, Larson N, Neumark-Sztainer D. Multicontextual Correlates of 
Adolescent Leisure-Time Physical Activity. Am J Prev Med [Internet]. 2014 [cited 2021 
Jan 27];46(6):605–16. Available from: http://dx.doi.org/10.1016/j.amepre.2014.01.009 

151.  Chen H, Sun H, Dai J. Peer Support and Adolescents’ Physical Activity: The Mediating 
Roles of Self-Efficacy and Enjoyment. J Pediatr Psychol [Internet]. 2017 [cited 2021 Feb 
12];42(5):569–77. Available from: 
https://academic.oup.com/jpepsy/article/42/5/569/2965107 

152.  Efrat MW. Exploring Strategies That Influence Children’s Physical Activity Self-
Efficacy. Contemp Issues Educ Res. 2017;10(2):87–94.  

153.  Schneider M, Cooper DM. Enjoyment of exercise moderates the impact of a school-based 
physical activity intervention. Int J Behav Nutr Phys Act [Internet]. 2011;8(1):64. 
Available from: http://www.ijbnpa.org/content/8/1/64 

154.  Haerens L, Deforche B, Maes L, Cardon G, Stevens V, De Bourdeaudhuij I. Evaluation of 
a 2-year physical activity and healthy eating intervention in middle school children. 
Health Educ Res. 2006;21(6):911–21.  

155.  Thornton C, Cain K, Conway T, Kerr J, Saelens B, Frank L, et al. Relation of 
Adolescents’ Physical Activity to After-School Recreation Environment. Jounal Phys Act 
Heal. 2017;14(5):382–8.  

156.  Humbert ML, Chad KE, Bruner MW, Spink KS, Muhajarine N, Anderson KD, et al. 



146 
 

Using a Naturalistic Ecological Approach to Examine the Factors Influencing Youth 
Physical Activity Across Grades 7 to 12. 2008;  

157.  Casey MM, Eime RM, Payne WR, Harvey JT. Using a Socioecological Approach to 
Examine Participation in Sport and Physical Activity Among Rural Adolescent Girls. 
2009 [cited 2021 Jan 27]; Available from: http://qhr.sagepub.com 

158.  Buchan MC, Carson V, Faulkner G, Qian W, Leatherdale ST. Factors associated with 
students meeting components of canada’s new 24-hour movement guidelines over time in 
the compass study. Int J Environ Res Public Health. 2020;17(15):1–15.  

159.  Li K, Liu D, Haynie D, Gee B, Chaurasia A, Seo DC, et al. Individual, social, and 
environmental influences on the transitions in physical activity among emerging adults. 
BMC Public Health. 2016;16(1):1–12.  

160.  Martins J, Marques A, Sarmento H, Carreiro Da Costa F. Adolescents’ perspectives on the 
barriers and facilitators of physical activity: A systematic review of qualitative studies. 
Health Educ Res. 2014;30(5):742–55.  

161.  Bocarro JN, Kanters MA, Cerin E, Floyd MF, Casper JM, Suau LJ, et al. School sport 
policy and school-based physical activity environments and their association with 
observed physical activity in middle school children. Heal Place. 2012;18(1):31–8.  

162.  Ball K, Jeffery RW, Abbott G, Mcnaughton SA, Crawford D. Is healthy behavior 
contagious: associations of social norms with physical activity and healthy eating. Int J 
Behav Nutr Phys Act [Internet]. 2010 [cited 2021 Apr 14];7(86). Available from: 
http://www.ijbnpa.org/content/7/1/86 

163.  Somerset S, Hoare DJ. Barriers to voluntary participation in sport for children: A 
systematic review. BMC Pediatr [Internet]. 2018 Feb 9 [cited 2021 Mar 19];18(1). 
Available from: https://go-gale-
com.proxy.lib.uwaterloo.ca/ps/i.do?p=AONE&sw=w&issn=14712431&v=2.1&it=r&id=
GALE%7CA546081992&sid=googleScholar&linkaccess=fulltext 

164.  Post EG, Green NE, Schaefer DA, Trigsted SM, Brooks MA, Mcguine TA, et al. 
Socioeconomic status of parents with children participating on youth club sport teams. 
Phys Ther Sport [Internet]. 2018 [cited 2021 Mar 19];126–32. Available from: 
https://doi.org/10.1016/j.ptsp.2018.05.014 

165.  Cairney J, Dudley D, Kwan M, Bulten R, Kriellaars D. Physical Literacy, Physical 
Activity and Health: Toward an Evidence-Informed Conceptual Model. Sport Med 
[Internet]. 2019;49(3):371–83. Available from: https://doi.org/10.1007/s40279-019-
01063-3 

166.  Guddal MH, Stensland SØ, Småstuen MC, Johnsen MB, Zwart JA, Storheim K. Physical 
activity and sport participation among adolescents: Associations with mental health in 
different age groups. Results from the Young-HUNT study: A cross-sectional survey. 
BMJ Open. 2019;9(9):1–10.  

167.  Eime RM, Young JA, Harvey JT, Charity MJ, Payne WR. A systematic review of the 
psychological and social benefits of participation in sport for children and adolescents: 



147 
 

informing development of a conceptual model of health through sport [Internet]. Vol. 10, 
International Journal of Behavioral Nutrition and Physical Activity. 2013 [cited 2021 Feb 
24]. Available from: http://www.ijbnpa.org/content/10/1/98 

168.  Crane J, Temple V. A systematic review of dropout from organized sport among children 
and youth. Eur Phys Educ Rev. 2015;21(1):114–31.  

169.  Eime RM, Harvey JT, Sawyer NA, Craike MJ, Symons CM, Payne WR. Changes in sport 
and physical activity participation for adolescent females: a longitudinal study. 2016;  

170.  Toftegaard-Støckel J, Nielsen GA, Ibsen B, Andersen LB. Parental, socio and cultural 
factors associated with adolescents’ sports participation in four Danish municipalities. 
Scand J Med Sci Sport [Internet]. 2011 [cited 2019 Jul 8];21(4):606–11. Available from: 
https://journals-scholarsportal-
info.proxy.lib.uwaterloo.ca/pdf/09057188/v21i0004/606_psacfaspifdm.xml 

171.  White P, McTeer E. Socioeconomic Status and Sport Participation at Different 
Developmental Stages During Childhood and Youth: Multivariate Analyses Using 
Canadian National Survey Data. Sociol Sport. 2012;29(2):186–209.  

172.  De Rezende LFM, Azeredo CM, Silva KS, Claro RM, França-Junior I, Peres MFT, et al. 
The role of school environment in physical activity among brazilian adolescents. PLoS 
One [Internet]. 2015 Jun 22 [cited 2021 Mar 19];10(6). Available from: 
/pmc/articles/PMC4476687/ 

173.  Centers for Disease Control and Prevention. School Connectedness: Strategies for 
Increasing Protective Factors Among Youth. [Internet]. Atlanta; 2009. Available from: 
https://www.cdc.gov/healthyyouth/protective/pdf/connectedness.pdf 

174.  Guldager JD, von Seelen J, Andersen PT, Leppin A. Do student social background and 
school context affect implementation of a school-based physical activity program? Eval 
Program Plann [Internet]. 2020;82(March):101844. Available from: 
https://doi.org/10.1016/j.evalprogplan.2020.101844 

175.  Button B, Trites S, Janssen I. Relations between the school physical environment and 
school social capital with student physical activity levels. BMC Public Health. 2013;13(1).  

176.  Streiner DL, Norman GR. Health Measurement Scales: a practical guide to their 
development and use. Fourth Edi. New York: Oxford University Press; 2008.  

177.  Neuman W, Robson K. Basics of social research: qualitative and quantitative approaches. 
Second Can. New Jersey: Pearson Education Inc.; 2009.  

178.  Weston A, Petosa R, Pate R. Validation of an instrument for measurement of physical 
activity in youth. Med Sci Sport Exerc. 1997;29(1):138–43.  

179.  Sylvia LG, Bernstein EE, Hubbard JL, Keating L, Anderson EJ. Practical guide to 
measuring physical activity. J Acad Nutr Diet [Internet]. 2014;114(2):199–208. Available 
from: http://dx.doi.org/10.1016/j.jand.2013.09.018 

180.  United Nations Department of Economic and Social Affairs. Definition of Youth 
[Internet]. Available from: https://www.un.org/esa/socdev/documents/youth/fact-



148 
 

sheets/youth-definition.pdf 

 
  



149 
 

1.  United Nations Department of Economic and Social Affairs. Definition of Youth 
[Internet]. Available from: https://www.un.org/esa/socdev/documents/youth/fact-
sheets/youth-definition.pdf 

2.  World Health Organization. Physical Activity [Internet]. [cited 2019 Mar 27]. Available 
from: https://www.who.int/dietphysicalactivity/pa/en/ 

3.  Canadian Society for Exercise Physiology. Canadian 24-Hour Movement Guidelines: 
Glossary of Terms [Internet]. [cited 2019 Mar 27]. Available from: 
http://www.csep.ca/en/guidelines/glossary-2017 

4.  IPAQ. Guidelines for Data Processing and Analysis of the International Physical Activity 
Questionnaire (IPAQ) – Short and Long Forms. IPAQ Res Comm. 2005;(November):1–
15.  

5.  Canadian Society for Exercise Physiology. Canadian 24-Hour Movement Guidlines 
Glossary of Terms [Internet]. 2017. Available from: 
https://www.csep.ca/en/guidelines/glossary-2017 

6.  Canadian Society for Exercise Physiology. Canadian 24-Hour Movement Guidelines for 
Children and Youth (ages 5-17 years): An Integration of Physical Activity, Sedentary 
Behaviour and Sleep [Internet]. 2017. Available from: https://csepguidelines.ca/children-
and-youth-5-17/ 

7.  Saunders TJ, Gray CE, Poitras VJ, Chaput J-P, Janssen I, Katzmarzyk PT, et al. REVIEW 
Combinations of physical activity, sedentary behaviour and sleep: relationships with 
health indicators in school-aged children and youth. Appl Physiol Nutr Metab [Internet]. 
2016 [cited 2019 Apr 11];41:S283–93. Available from: 
http://nrcresearchpress.com/doi/suppl/10.1139/apnm-2015-0626. 

8.  World Health Organization. Physical Activity and Young People [Internet]. [cited 2019 
Mar 27]. Available from: https://www.who.int/ncds/prevention/physical-
activity/factsheet_young_people/en/ 

9.  U.S. Department of Health and Human Services. 2018 Physical Activity Guidelines 
Advisory Committee Scientific Report [Internet]. US Department of Health and Human 
Services. 2018 [cited 2020 Jun 25]. Available from: 
https://health.gov/paguidelines/second-
edition/report/pdf/PAG_Advisory_Committee_Report.pdf 

10.  Janssen I, LeBlanc AG. Systematic review of the health benefits of physical activity and 
fitness in school-aged children and youth. Int J Behav Nutr Phys Act. 2010;7(40).  

11.  DeRuiter WK, Cairney J, Leatherdale ST, Faulkner GEJ. A longitudinal examination of 
the interrelationship of multiple health behaviors. Am J Prev Med [Internet]. 2014 [cited 
2019 Apr 10];47(3):283–9. Available from: 
http://dx.doi.org/10.1016/j.amepre.2014.04.019 

12.  deRuiter WK, Cairney J, Leatherdale S, Faulkner G. The period prevalence of risk 
behavior co-occurrence among Canadians. Prev Med (Baltim) [Internet]. 2016;85:11–6. 
Available from: http://dx.doi.org/10.1016/j.ypmed.2015.11.026 



150 
 

13.  ParticipACTION. The 2018 ParticipACTION Report Card on Physical Activity for 
[Internet]. Toronto; 2018 [cited 2019 Apr 12]. Available from: 
www.participACTION.com/reportcard. 

14.  Álvarez-Bueno C, Pesce C, Cavero-Redondo I, Sánchez-López M, Garrido-Migue M, 
Martínez-Vizcaíno V. Academic Achievement and Physical Activity: A Meta Analysis. 
Pediatrics [Internet]. 2017;140(6). Available from: 
http://sk.sagepub.com/reference/encyclopedia-of-school-health/n6.xml 

15.  Centers for Disease Control and Prevention. The Association Between School-Based 
Physical Activity, Including Physical Education, and Academic Performance [Internet]. 
Atlanta, Georgia; 2010 [cited 2019 May 21]. Available from: 
https://www.cdc.gov/healthyyouth/health_and_academics/pdf/pa-pe_paper.pdf 

16.  Poitras VJ, Ellen Gray C, Borghese MM, Carson V, Chaput J-P, Janssen I, et al. 
Systematic review of the relationships between objectively measured physical activity and 
health indicators in school-aged children and youth. Appl Physiol Nutr Metab [Internet]. 
2016 [cited 2019 Jul 25];41(6 Suppl 3):S197-239. Available from: 
http://nrcresearchpress.com/doi/suppl/10.1139/apnm-2015-0663. 

17.  Tremblay MS, Carson V, Chaput J-P. Introduction to the Canadian 24-Hour Movement 
Guidelines for Children and Youth: An Integration of Physical Activity, Sedentary 
Behaviour, and Sleep. Appl Physiol Nutr Metab [Internet]. 2016;41(Suppl 3):S311–27. 
Available from: http://www.nrcresearchpress.com/doi/10.1139/apnm-2016-0203 

18.  Chaput J-P, Carson V, Gray C, Tremblay M, Chaput J-P, Carson V, et al. Importance of 
All Movement Behaviors in a 24 Hour Period for Overall Health. Int J Environ Res Public 
Health [Internet]. 2014 Dec 4 [cited 2019 Apr 11];11(12):12575–81. Available from: 
http://www.mdpi.com/1660-4601/11/12/12575 

19.  Carson V, Chaput JP, Janssen I, Tremblay MS. Health associations with meeting new 24-
hour movement guidelines for Canadian children and youth. Prev Med (Baltim) [Internet]. 
2017;95:7–13. Available from: http://dx.doi.org/10.1016/j.ypmed.2016.12.005 

20.  Roberts KC, Yao X, Carson V, Chaput J, Janssen I, Tremblay MS. Meeting the Canadian 
24-Hour Movement Guidelines for Children and Youth. Heal reports / Stat Canada. 
2017;28(10):3–7.  

21.  Colley RC, Carson V, Garriguet D, Janssen I, Roberts KC, Tremblay MS. Physical 
activity of Canadian children and youth, 2007-2015. Heal Reports. 2017;28(10):8–16.  

22.  Janssen I, Roberts KC, Thompson W. Adherence to the 24-hour movement guidelines 
among 10- to 17-year-old Canadians. Heal Promot Chronic Dis Prev Canada. 
2017;37(11):369–75.  

23.  Kelder SH, Perry CL, Klepp KI, Lytle LL. Longitudinal tracking of adolescent smoking, 
physical activity, and food choice behaviors. Am J Public Health. 1994;84(7):1121–6.  

24.  Leatherdale ST, Burkhalter R. The substance use profile of Canadian youth: Exploring the 
prevalence of alcohol, drug and tobacco use by gender and grade. Addict Behav [Internet]. 
2012;37(3):318–22. Available from: http://dx.doi.org/10.1016/j.addbeh.2011.10.007 



151 
 

25.  Leatherdale ST, Ahmed R. Screen-based sedentary behaviours among a nationally 
representative sample of youth : Are Canadian kids couch potatoes ? 
2015;31(September):141–7.  

26.  Licence K. Promoting and protecting the health of children and young people. Child Care 
Health Dev. 2004;30(6):623–35.  

27.  Contardo Ayala AM, Salmon J, Dunstan DW, Arundell L, Parker K, Timperio A. 
Longitudinal Changes in Sitting Patterns, Physical Activity, and Health Outcomes in 
Adolescents. Children [Internet]. 2019 Dec 23 [cited 2019 May 29];6(2). Available from: 
http://www.mdpi.com/2227-9067/6/1/2 

28.  Harding SK, Page AS, Falconer C, Cooper AR. Longitudinal changes in sedentary time 
and physical activity during adolescence. Int J Behav Nutr Phys Act [Internet]. 2015 Dec 
1 [cited 2019 May 29];12(1):44. Available from: 
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-015-0204-6 

29.  Gordon-Larsen P, Nelson MC, Popkin BM. Longitudinal Physical Activity and Sedentary 
Behavior Trends Adolescence to Adulthood. Am J Prev Med [Internet]. 2004 [cited 2018 
Dec 4];27(4):277–83. Available from: www.ajpm-online.net. 

30.  Walters S, Barr-Anderson DJ, Wall MHB, Neumark-Sztainer D, Neu-Mark-Sztainer D. 
Does Participation in Organized Sports Predict Future Physical Activity for Adolescents 
from Diverse Economic Backgrounds? J Adolesc Heal. 2009;44:268–74.  

31.  Telama R, Yang X. Decline of physical activity from youth to young adulthood in 
Finland. Med Sci Sports Exerc [Internet]. 2000;32(9):1617–22. Available from: 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed5&NEWS=N&AN
=2000327676 

32.  Kjønniksen L, Torsheim T, Wold B. Tracking of leisure-time physical activity during 
adolescence and young adulthood: a 10-year longitudinal study. Int J Behav Nutr Phys Act 
[Internet]. 2008 Dec 29 [cited 2019 May 30];5(1):69. Available from: 
http://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-5-69 

33.  Van Mechelen W, Twisk J, Post G, Snel J, Kemper H. Physical activity of young people: 
The Amsterdam Longitudinal Growth and Health Study. Med Sci Sports Exerc. 
2000;32(9):1610–6.  

34.  Telford RM, Telford RD, Cochrane T, Cunningham RB, Olive LS, Davey R. The 
influence of sport club participation on physical activity, fitness and body fat during 
childhood and adolescence: The LOOK Longitudinal Study. J Sci Med Sport [Internet]. 
2016 [cited 2019 May 30];19:400–6. Available from: 
http://dx.doi.org/10.1016/j.jsams.2015.04.008 

35.  Farooq MA, Parkinson KN, Adamson AJ, Pearce MS, Reilly JK, Hughes AR, et al. 
Timing of the decline in physical activity in childhood and adolescence: Gateshead 
Millennium Cohort Study. Br J Sport Med [Internet]. 2018 [cited 2019 Jun 5];52:1002–6. 
Available from: http://bjsm.bmj.com/ 

36.  Cairney J, Veldhuizen S, Kwan M, Hay J, Faught BE. Biological Age and Sex-Related 



152 
 

Declines in Physical Activity during Adolescence. Med Sci Sport Exerc [Internet]. 2014 
Apr [cited 2019 Sep 11];46(4):730–5. Available from: 
https://insights.ovid.com/crossref?an=00005768-201404000-00012 

37.  Metcalf BS, Hosking J, Jeffery AN, Henley WE, Wilkin TJ. Exploring the Adolescent Fall 
in Physical Activity. Med Sci Sport Exerc [Internet]. 2015 Oct [cited 2019 Sep 
11];47(10):2084–92. Available from: https://insights.ovid.com/crossref?an=00005768-
201510000-00010 

38.  Cumming SP, Standage M, Gillison F, Malina RM. Sex Differences in Exercise Behavior 
During Adolescence: Is Biological Maturation a Confounding Factor? J Adolesc Heal 
[Internet]. 2008 May 1 [cited 2019 Sep 11];42(5):480–5. Available from: 
https://www.sciencedirect.com/science/article/pii/S1054139X07004156 

39.  Corder K, Winpenny E, Love R, Brown HE, White M, van Sluijs E. Change in physical 
activity from adolescence to early adulthood: a systematic review and meta-analysis of 
longitudinal cohort studies. Br J Sports Med [Internet]. 2019 [cited 2019 Sep 11];53:496–
501. Available from: https://bjsm.bmj.com/content/bjsports/53/8/496.full.pdf 

40.  Dumith SC, Gigante DP, Domingues MR, Kohl HW. Physical activity change during 
adolescence: a systematic review and a pooled analysis. Int J Epidemiol [Internet]. 2011 
Jun 1 [cited 2019 May 29];40(3):685–98. Available from: 
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyq272 

41.  Telama R, Yang X, Leskinen E, Kankaanpää A, Hirvensalo M, Tammelin T, et al. 
Tracking of Physical Activity from Early Childhood through Youth into Adulthood. Med 
Sci Sport Exerc [Internet]. 2014 May [cited 2019 May 30];46(5):955–62. Available from: 
https://insights.ovid.com/crossref?an=00005768-201405000-00014 

42.  Manuel DG, Perez R, Sanmartin C, Taljaard M, Hennessy D, Wilson K, et al. Measuring 
Burden of Unhealthy Behaviours Using a Multivariable Predictive Approach: Life 
Expectancy Lost in Canada Attributable to Smoking, Alcohol, Physical Inactivity, and 
Diet. 2016 [cited 2020 Jan 28]; Available from: https://www.projectbiglife.ca 

43.  Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A comparative 
risk assessment of burden of disease and injury attributable to 67 risk factors and risk 
factor clusters in 21 regions, 1990–2010: a systematic analysis for the Global Burden of 
Disease Study 2010. Lancet [Internet]. 2012 [cited 2020 Nov 25];380(9859):2224–60. 
Available from: www.thelancet.com 

44.  Ford ES, Zhao G, Tsai J, Li C. Low-Risk Lifestyle Behaviors and All-Cause Mortality: 
Findings From the National Health and Nutrition Examination Survey III Mortality Study. 
Am J Public Health. 2011;101(10).  

45.  Statistics Canada. Elementary–Secondary Education Survey for Canada, the provinces and 
territories, 2016/2017 [Internet]. 2018. Available from: 
https://www150.statcan.gc.ca/n1/daily-quotidien/181102/dq181102c-eng.htm 

46.  U.S Department of Health and Human Services. Physical Activity Guidelines for 
Americans Midcourse Report : Strategies to Increase Physical Activity Among Youth 
[Internet]. Washington, DC; 2012 [cited 2019 May 28]. Available from: 



153 
 

https://health.gov/our-work/physical-activity/previous-guidelines/2013-midcourse-report 

47.  Statistics Canada. Education Indicators in Canada, biannual [Internet]. 2017. Available 
from: https://www150.statcan.gc.ca/n1/daily-quotidien/170329/dq170329g-eng.htm 

48.  Lister-Sharp D, Chapman S, Stewart-Brown S, Sowden A. Health promoting schools and 
health promotion in schools: two systematic review. Health Technol Assess (Rockv). 
1999;3(22).  

49.  Timperio A, Salmon J, Ball K. Evidence-based strategies to promote physical activity 
among children, adolescents and young adults: review and update. J Sci Med Sport 
[Internet]. 2004;7(1 Suppl):20–9. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/15214598 

50.  Dwyer JJM, Allison KR, LeMoine KN, Adlaf EM, Goodman J, Faulkner GEJ, et al. A 
Provincial Study of Opportunities for School-based Physical Activity in Secondary 
Schools. J Adolesc Heal [Internet]. 2006 Jul [cited 2019 May 31];39(1):80–6. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/16781965 

51.  Public Health Agency of Canada. Curbing Childhood Obesity : A Federal, Provincial and 
Territorial Framework for Action to Promote Healthy Weights [Internet]. Health 
Promotion: Healthy Living. 2004. Available from: https://www.canada.ca/en/public-
health/services/health-promotion/healthy-living/curbing-childhood-obesity-federal-
provincial-territorial-framework.html 

52.  Centers for Disease Control and Prevention. Why Should Schools Provide Physical 
Activity Programs? [Internet]. [cited 2019 May 21]. Available from: 
http://iweb.aahperd.org/naspe/pdf_files/CSPAP_Package.pdf. 

53.  World Health Organization. Promoting Physical Activity in Schools: An important 
element of a health-promoting school [Internet]. 2007. Available from: 
https://www.who.int/school_youth_health/resources/information_series/FINAL 
Final.pdf?ua=1 

54.  Naylor P-J, Macdonald HM, Zebedee JA, Reed KE, McKay HA. Lessons learned from 
Action Schools! BC-An “active school” model to promote physical activity in elementary 
schools. J Sci Med Sport. 2006;9:413–23.  

55.  Mahar MT. Impact of short bouts of physical activity on attention-to-task in elementary 
school children. Prev Med (Baltim) [Internet]. 2011;52(SUPPL.):S60–4. Available from: 
http://dx.doi.org/10.1016/j.ypmed.2011.01.026 

56.  Institute of Medicine. Educating the Student Body: Taking Physical Activity and Physical 
Education to School. Washington, DC: The National Academic Press; 2013. 259–310 p.  

57.  Edwards MB, Kanters MA, Bocarro JN. Policy Changes to Implement Intramural Sports 
in North Carolina Middle Schools: Simulated Effects on Sports Participation Rates and 
Physical Activity Intensity, 2008–2009. Prev Chronic Dis [Internet]. 2014 Jan 16 [cited 
2019 Jul 25];11:130195. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24433623 

58.  Gray C, Larouche R, Barnes J, Colley R, Bonne J, Arthur M, et al. Are We Driving Our 
Kids to Unhealthy Habits? Results of the Active Healthy Kids Canada 2013 Report Card 



154 
 

on Physical Activity for Children and Youth. Int J Environ Res Public Health [Internet]. 
2014 Jun 5 [cited 2019 Jun 7];11(6):6009–20. Available from: 
http://www.mdpi.com/1660-4601/11/6/6009 

59.  D’Haese S, Vanwolleghem G, Hinckson E, De Bourdeaudhuij I, Deforche B, Van Dyck 
D, et al. Cross-continental comparison of the association between the physical 
environment and active transportation in children: a systematic review. Int J Behav Nutr 
Phys Act. 2015;12(1):145.  

60.  Stewart O. Findings from Research on Active Transportation to School and Implications 
for Safe Routes to School Programs. J Plan Lit. 2011;26(2):127–50.  

61.  Panter JR, Jones AP, van Sluijs EM. Environmental determinants of active travel in youth: 
a review and framework for future research. Int J Behav Nutr Phys Act. 2008;5:34.  

62.  Statistics Canada. Canada Goes Urban [Internet]. [cited 2019 Jul 26]. Available from: 
https://www150.statcan.gc.ca/n1/pub/11-630-x/11-630-x2015004-eng.htm 

63.  Loprinzi PD, Cardinal BJ, Cardinal MK, Corbin CB. Physical Education and Sport : Does 
Participation Relate to Physical Activity Patterns , Observed Fitness , and Personal 
Attitudes and Beliefs ? Am J Heal Promot. 2018;32(3):613–20.  

64.  Nakamura PM, Teixeira IP, Papini CB, de Lemos N, Nazario NMS, Kokubun E. Physical 
education in schools, sport activity and total physical activity in adolescents. Brazilian J 
Kinanthropometry Hum Perform. 2013;(January):517–26.  

65.  Pate RR, Ward DS, Neill JRO, Dowda M. Enrollment in Physical Education Is Associated 
With Overall Physical Activity in Adolescent Girls. Res Q Exerc Sport. 2007;78(4):265–
70.  

66.  Comte M, Hobin E, Manske S, Casey C, Griffith J, Leggett C, et al. Is the Provision of 
Physical Education to Senior-Years Students Associated With Greater Physical Activity 
Levels ? Insight Into a Province-Wide Policy. J Phys Act Heal. 2015;12:649–54.  

67.  Tassitano RM, Barros MVG, Tenorio MCM, Bezerra J, Florindo AA, Reis RS. 
Enrollment in Physical Education Is Associated With Health-Related Behavior Among 
High School Students. J Sch Health. 2010;80(3).  

68.  Ontario Ministry of Education. Health and Physical Education: The Ontario Curriculum 
Grades 9 to 12 [Internet]. 2015 [cited 2019 Jun 7]. Available from: www.ontario.ca/edu. 

69.  Action for Healthy Kids. Intramural Programs [Internet]. 2015. Available from: 
http://www.actionforhealthykids.org/tools-for-schools/find-challenges/on-the-playground-
challenges/1225-intramural-programs 

70.  Fuller D, Sabiston C, Karp I, Barnett T, O’Loughlin J. School Sports Opportunities 
Influence Physical Activity in Secondary School and Beyond. J Sch Health. 
2011;81(8):449–54.  

71.  Morton KL, Atkin AJ, Corder K, Suhrcke M, van Sluijs EMF. The school environment 
and adolescent physical activity and sedentary behaviour: a mixed-studies systematic 
review. Obes Rev [Internet]. 2016 Feb 1 [cited 2020 May 27];17(2):142–58. Available 



155 
 

from: http://doi.wiley.com/10.1111/obr.12352 

72.  Strong WB, Malina RM, Blimkie CJR, Daniels SR, Dishman RK, Gutin B, et al. Evidence 
based physical activity for school-age youth. J Pediatr. 2005;146(6):732–7.  

73.  Kurc A, Leatherdale S. The effect of social support and school- and community-based 
sports on youth physical activity. Can J Public Heal. 2009;100(1):60–4.  

74.  Hobin EP, Leatherdale S, Manske S, Dubin JA, Elliott S, Veugelers P. Are Environmental 
Influences on Physical Activity Distinct for Urban, Suburban, and Rural Schools? A 
Multilevel Study Among Secondary School Students in Ontario, Canada. J Sch Health 
[Internet]. 2013 May 1 [cited 2019 Jun 11];83(5):357–67. Available from: 
http://doi.wiley.com/10.1111/josh.12039 

75.  Coté J, Horton S, Wilkes S. The Benefits of Sampling Sports During Childhood. Phys 
Heal Educ J [Internet]. 2009;74(4):6–11. Available from: http://hdl.handle.net/1974/14508 

76.  US Department of Health and Human Services. The National Youth Sports Strategy 
[Internet]. Washington, DC; 2019 [cited 2020 Jun 25]. Available from: 
https://health.gov/our-work/physical-activity/national-youth-sports-strategy 

77.  Cleland V, Dwyer T, Venn A. Which domains of childhood physical activity predict 
physical activity in adulthood? A 20-year prospective tracking study. Br J Sports Med 
[Internet]. 2012 Jun 1 [cited 2019 May 30];46(8):595–602. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/22144006 

78.  Murphy MH, Rowe DA, Woods CB. Impact of physical activity domains on subsequent 
physical activity in youth: a 5-year longitudinal study. J Sports Sci [Internet]. 2017 [cited 
2019 May 30];35. Available from: http://dx.doi.org/10.1080/02640414.2016.1161219 

79.  Richards R, Williams S, Poulton R, Reeder A. Tracking Club Sport Participation From 
Childhood to Early Adulthood. Res Q Exerc Sport [Internet]. 2007 [cited 2019 May 
30];78(5):413–9. Available from: https://journals-scholarsportal-
info.proxy.lib.uwaterloo.ca/pdf/02701367/v78i0005/413_tcspfctea.xml 

80.  Tammelin T, Näyhä S, Hills AP, Järvelin M-R. Adolescent Participation in Sports and 
Adult Physical Activity. Am J Prev Med. 2003;24(1):22–8.  

81.  Telama R, Yang X, Hirvensalo M, Raitakari O. Participation in Organized Youth Sport as 
a Predictor of Adult Physical Activity: A 21-Year Longitudinal Study. Pediatr Exerc Sci. 
2006 Mar;18(1):76–88.  

82.  Katapally TR, Laxer RE, Qian W, Leatherdale ST. Do school physical activity policies 
and programs have a role in decreasing multiple screen time behaviours among youth? 
Prev Med (Baltim) [Internet]. 2018;110(July 2017):106–13. Available from: 
https://doi.org/10.1016/j.ypmed.2017.11.026 

83.  Williams GC, Burns KE, Battista K, de Groh M, Jiang Y, Leatherdale ST. High school 
sport participation and substance use: A cross-sectional analysis of students from the 
COMPASS study. Addict Behav Reports [Internet]. 2020;12. Available from: 
http://www.sciencedirect.com/science/article/pii/S2352853220301139 



156 
 

84.  Aughey RJ, Buchheit M, Garvican-Lewis LA, Roach GD, Sargent C, Billaut F, et al. Yin 
and yang, or peas in a pod? Individual-sport versus team-sport athletes and altitude 
training. [cited 2018 Dec 4]; Available from: http://bjsm.bmj.com/ 

85.  Tauer JM, Harackiewicz JM. The Effects of Cooperation and Competition on Intrinsic 
Motivation and Performance. J Pers Soc Psychol [Internet]. 2004 [cited 2018 Dec 
4];86(6):849–61. Available from: http://doi.apa.org/getdoi.cfm?doi=10.1037/0022-
3514.86.6.849 

86.  Michael SL, Coffield E, Lee SM, Fulton JE. Variety, Enjoyment, and Physical Activity 
Participation Among High School Students. J Phys Act Health [Internet]. 2016 Feb [cited 
2019 Jun 12];13(2):223–30. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/26107142 

87.  Deaner RO, Geary DC, Puts DA, Ham SA, Kruger J. A Sex Difference in the 
Predisposition for Physical Competition: Males Play Sports Much More than Females 
Even in the Contemporary. PLoS One [Internet]. 2012 [cited 2019 May 31];7(11):49168. 
Available from: www.plosone.org 

88.  Smith M, Berdel D, Nowak D, Heinrich J, Schulz H. Sport engagement by accelerometry 
under field conditions in German adolescents: Results from GINIPlus. PLoS One 
[Internet]. 2015 Aug 20 [cited 2020 Jun 25];10(8). Available from: 
/pmc/articles/PMC4546233/?report=abstract 

89.  McGovern J, Drewson SR, Hope A, Konopack JF. Gender Differences in a Youth 
Physical Activity Intervention : Movement Levels and Children’s Perceptions. Am J Heal 
Educ [Internet]. 2020;51(2):109–19. Available from: 
https://doi.org/10.1080/19325037.2020.1712667 

90.  Rees R, Kavanagh J, Harden A, Shepherd J, Brunton G, Oliver S, et al. Young people and 
physical activity : a systematic review matching their views to effective interventions. 
2006;21(6):806–25.  

91.  Caspersen CJ, Pereira MA, Curran KM. Changes in physical activity patterns in the 
United States, by sex and cross-sectional age. Med Sci Sports Exerc. 2000;32(9):1601–9.  

92.  Vilhjalmsson R, Kristjansdottir G. Gender differences in physical activity in older 
children and adolescents: The central role of organized sport. Soc Sci Med. 
2003;56(2):363–74.  

93.  Statistics Canada. Sport Participation 2010: Research Paper [Internet]. 2013. Available 
from: http://publications.gc.ca/collections/collection_2013/pc-ch/CH24-1-2012-eng.pdf 

94.  Hobin E, Leatherdale S, Manske S, Dubin J, Elliott S, Veugelers P. A multilevel 
examination of gender differences in the association between features of the school 
environment and physical activity among a sample of grades 9 to 12 students in Ontario, 
Canada. BMC Public Health [Internet]. 2012;12(1):74. Available from: 
http://www.biomedcentral.com/1471-2458/12/74 

95.  Williams GC, Burns KE, Battista K, De Groh M, Jiang Y, Leatherdale ST. A cross-
sectional examination of the association between co-ed and gender-specific school 



157 
 

intramural programs and intramural participation among a sample of Canadian secondary 
school students. Prev Med Reports [Internet]. 2020 [cited 2021 Mar 9];20. Available 
from: https://doi.org/10.1016/j.pmedr.2020.101233 

96.  Biddle SJH, Atkin AJ, Cavill N, Foster C. Correlates of physical activity in youth: a 
review of quantitative systematic reviews. Int Rev Sport Exerc Psychol [Internet]. 2011 
[cited 2019 Jul 5];4(1):25–49. Available from: http://www.informaworld.com 

97.  Sallis JF, Prochaska JJ, Taylor WC. A review of correlates of physical activity. Med Sci 
Sports Exerc. 2000;(1):963–75.  

98.  Sterdt E, Liersch S, Walter U. Correlates of physical activity of children and adolescents: 
A systematic review of reviews. Health Educ J [Internet]. 2014 [cited 2019 Jul 
5];73(1):72–89. Available from: https://journals-sagepub-
com.proxy.lib.uwaterloo.ca/doi/pdf/10.1177/0017896912469578 

99.  Weatherson KA, O’Neill M, Lau E, Qian W, Leatherdale ST, Faulkner GE. The 
Protective Effects of School Connectedness on Substance Use and Physical Activity. J 
Adolesc Heal [Internet]. 2018 [cited 2019 Jul 16];63:724–31. Available from: 
www.jahonline.org 

100.  Faulkner G, Zeglen L, Leatherdale S, Manske S, Stone M. The relationship between 
school physical activity policy and objectively measured physical activity of elementary 
school students: a multilevel model analysis. Arch Public Heal [Internet]. 2014 [cited 
2019 Sep 13];72(20). Available from: https://www-ncbi-nlm-nih-
gov.proxy.lib.uwaterloo.ca/pmc/articles/PMC4082160/pdf/2049-3258-72-20.pdf 

101.  Unicef. Communication for Development (C4D) Capability Development Framework, 
UNICEF and 3D Change [Internet]. 2009. Available from: 
http://intranet.unicef.org/pd/cbsc.nsf/Site 
Pages/Page01?OpenDocument&TableRow=3.2.3#3.2. 

102.  Craig P, Cooper C, Gunnell D, Haw S, Lawson K, Macintyre S, et al. Using natural 
experiments to evaluate population health interventions: new Medical Research Council 
guidance. J Epidemiol Community Heal [Internet]. 2012 [cited 2019 Feb 12];66:1182–6. 
Available from: http://www.mrc.ac.uk/nat- 

103.  Leatherdale ST. Natural experiment methodology for research: a review of how different 
methods can support real-world research. Int J Soc Res Methodol [Internet]. 2019 [cited 
2019 Feb 12];22(1):19–35. Available from: 
https://www.tandfonline.com/action/journalInformation?journalCode=tsrm20 

104.  Brownson RC, Fielding JE, Maylahn CM. Evidence-Based Public Health: A Fundamental 
Concept for Public Health Practice. Annu Rev Public Health [Internet]. 2009;30(1):175–
201. Available from: 
http://www.annualreviews.org/doi/10.1146/annurev.publhealth.031308.100134 

105.  Green LW. Public health asks of systems science: To advance our evidence-based 
practice, can you help us get more practice-based evidence? Am J Public Health. 
2006;96(3):406–9.  



158 
 

106.  Gordis L. Epidemiology. Fifth. Philadelphia: Elsevier; 2014.  

107.  Petticrew M, Cummins S, Ferrell C, Findlay A, Higgins C, Hoy C, et al. Natural 
experiments: An underused tool for public health? Public Health. 2005;119(9):751–7.  

108.  Leatherdale ST. Natural experiment methdology in health promotion and chronic disease 
prevention research and practice. Ottawa, ON; 2017.  

109.  School of Public Health and Health Systems, University of Waterloo. The COMPASS 
Study [Internet]. Available from: https://uwaterloo.ca/compass-system/compass-system-
projects/compass-study 

110.  Leatherdale ST, Brown SK, Carson V, Childs RA, Dubin JA, Elliott SJ, et al. The 
COMPASS study: a longitudinal hierarchical research platform for evaluating natural 
experiments related to changes in school-level programs, policies and built environment 
resources [Internet]. 2014 [cited 2019 Jan 16]. Available from: 
www.compass.uwaterloo.ca 

111.  Bocarro JN, Kanters MA, Edwards MB, Casper JM, Mckenzie TL. Prioritizing School 
Intramural and Interscholastic Programs Based on Observed Physical Activity. Am J Heal 
Promot [Internet]. 2014 [cited 2018 Dec 4];28(Supp 3). Available from: https://journals-
sagepub-com.proxy.lib.uwaterloo.ca/doi/pdf/10.4278/ajhp.130430-QUAN-205 

112.  Thompson-Haile A, Leatherdale ST. School board and school recruitment procedures. 
Compass Tech Rep Ser [Internet]. 2013;1(3). Available from: 
https://uwaterloo.ca/compass-system/publications/school-board-and-school-recruitment-
procedures 

113.  Thompson-Haile A, Leatherdale ST. Student-level Data Collection Procedures. Compass 
Tech Rep Ser [Internet]. 2013;1(5). Available from: https://uwaterloo.ca/compass-
system/publications/student-level-data-collection-procedures 

114.  Thompson-Haile A, Bredin C, Leatherdale ST. Rationale for using an Active-Information 
Passive-Consent Permission Protocol in COMPASS. Compass Tech Rep Ser [Internet]. 
2013;1(6). Available from: https://uwaterloo.ca/compass-system/publications/rationale-
using-active-information-passive-consent 

115.  Bredin C, Leatherdale ST. Development of the COMPASS Student Questionnaire. 
Compass Tech Rep Ser [Internet]. 2014;2(2). Available from: 
http://www.compass.uwaterloo.ca/ 

116.  University of Waterloo. About the COMPASS System [Internet]. Available from: 
https://uwaterloo.ca/compass-system/about 

117.  Bredin C, Leatherdale ST. Methods for linking COMPASS student-level data over time 
[Internet]. Vol. 1, COMPASS Technical Report Series. 2013. Available from: 
https://uwaterloo.ca/compass-system/publications/methods-linking-compass-student-
level-data-over-time 

118.  Leatherdale ST, Laxer RE, Faulkner G. Reliability and validity of the physical activity and 
sedentary behaviour measures in the COMPASS study. Compass Tech Rep Ser [Internet]. 
2014;2(1). Available from: www.compass.uwaterloo.ca 



159 
 

119.  Statistics Canada. Census Profile. Statistics Canada Catalog no. 98-401-X2016026. 2016.  

120.  SAS Institute INC. SAS/STAT(R) 9.22 User’s Guide: Missing Data Patterns [Internet]. 
Available from: 
https://support.sas.com/documentation/cdl/en/statug/63347/HTML/default/viewer.htm#sta
tug_mi_sect017.htm 

121.  Singer J, Willett J. Applied longitudinal data analysis: Modeling change and event 
occurrence. New York: Oxford University Press; 2003.  

122.  Field A. Discovering Statistics using IBM SPSS Statistics. Fourth Edi. London: SAGE 
Publications; 2013.  

123.  McArthur C, Hirdes J, Chaurasia A, Berg K, Giangregorio L. Quality Changes after 
Implementation of an Episode of Care Model with Strict Criteria for Physical Therapy in 
Ontario’s Long‐Term Care Homes. Health Serv Res. 2018;53(6).  

124.  Simons-Morton B, Haynie D, Liu D, Chaurasia A, Hingson R. The Effect of Residence, 
School Status, Work Status, and Social Infl uence on the Prevalence of Alcohol Use 
Among Emerging Adults. Vol. 77, Stud. Alcohol Drugs. 2016.  

125.  O’Brien F, Simons-Morton B, Chaurasia A, Luk J, Haynie D, Liu D. Post-High School 
Changes in Tobacco and Cannabis Use in the United States. Subst Use Misuse [Internet]. 
2018 Jan 2 [cited 2021 Feb 5];53(1):26–35. Available from: 
https://www.tandfonline.com/doi/abs/10.1080/10826084.2017.1322983 

126.  Government of Canada. Investing in Young Canadians [Internet]. 2019 [cited 2020 Jul 
16]. Available from: https://www.budget.gc.ca/2019/docs/youth-jeunes/youth-jeunes-
en.html 

127.  Battista K, Qian W, Bredin C, Leatherdale ST. Student Data Linkage over Multiple Years 
Compass. Technical Report Series. [Internet]. 2019 [cited 2020 Oct 30]. Available from: 
https://uwaterloo.ca/compass-system/student-data-linkage-over-multiple-years 

128.  Unicef. MODULE 1: Understanding the Social Ecological Model (SEM) and 
Communication for Development (C4D) [Internet]. 2015. Available from: 
https://www.unicef.org/earlychildhood/files/Module_1_-_MNCHN_C4D_Guide.docx 

129.  Allison KR, Adlaf EM, Dwyer JJM, Lysy DC, Irving HM. The Decline in Physical 
Activity Adolescent Students: A cross-national Comparison. Can J Public Heal. 
2007;98(2).  

130.  Lounassalo I, Salin K, Kankaanpää A, Hirvensalo M, Tolvanen S, Yang X, et al. Distinct 
trajectories of physical activity and related factors during the life course in the general 
population: a systematic review. BMC Public Health. 2019;19(271).  

131.  Fung C, Kuhle S, Lu C, Purcell M, Schwartz M, Storey K, et al. From “best practice” to 
“next practice”: the effectiveness of school-based health promotion in improving healthy 
eating and physical activity and preventing childhood obesity. Int J Behav Nutr Phys Act 
[Internet]. 2012;9(1):27. Available from: http://www.ijbnpa.org/content/9/1/27 

132.  Dobbins M, Husson H, Decorby K, Larocca RL. School-based physical activity programs 



160 
 

for promoting physical activity and fitness in children and adolescents aged 6 to 18. Vol. 
2013, Cochrane Database of Systematic Reviews. John Wiley and Sons Ltd; 2013.  

133.  Williams GC, Burns KE, Battista K, de Groh M, Jiang Y, Leatherdale ST. High School 
Intramural Participation and Substance Use: A Longitudinal Analysis of COMPASS Data. 
Subst Use Misuse. 2021;  

134.  Burns KE, Chaurasia A, Carson V, Leatherdale ST. Examining if Changes in the Type of 
School-Based Intramural Programs Affect Youth Physical Activity Over Time : A Natural 
Experiment Evaluation. Int J Environ Res Public Health. 2021;18(5).  

135.  Utter J, Denny S, Robinson EM, Ameratunga S, Watson P. Perceived Access to 
Community Facilities, Social Motivation, and Physical Activity among New Zealand 
Youth. J Adolesc Heal. 2006;39(5):770–3.  

136.  Król-Zielinska M, Groffik D, Bronikowski M, Kantanista A, Laudanska-Krzeminska I, 
Bronikowska M, et al. Understanding the Motives of Undertaking Physical Activity with 
Different Levels of Intensity among Adolescents : Results of the INDARES Study. 
Biomed Res Int. 2018;2018.  

137.  Johnstone L, Millar S. Actively engaging women and girls addressing the psycho-social 
factors. Ottawa, ON: Canadian Association for the Advancement of Women and Sport and 
Physical Activity; 2012.  

138.  Eime RM, Casey MM, Harvey JT, Sawyer NA, Symons CM, Payne WR. Socioecological 
factors potentially associated with participation in physical activity and sport: A 
longitudinal study of adolescent girls. J Sci Med Sport [Internet]. 2015 [cited 2021 Feb 
1];18:684–90. Available from: http://dx.doi.org/10.1016/j.jsams.2014.09.012 

139.  Li K, Iannotti RJ, Haynie DL, Perlus JG, Simons-Morton BG. Motivation and planning as 
mediators of the relation between social support and physical activity among U.S. 
adolescents: A nationally representative study. Int J Behav Nutr Phys Act. 2014;11(1):1–
9.  

140.  Hunter S, Leatherdale ST, Storey K, Carson V. A quasi-experimental examination of how 
school-based physical activity changes impact secondary school student moderate- to 
vigorous- intensity physical activity over time in the COMPASS study. Int J Behav Nutr 
Phys Act [Internet]. 2016;13(1):1–14. Available from: http://dx.doi.org/10.1186/s12966-
016-0411-9 

141.  Leatherdale ST, Manske S, Faulkner G, Arbour K, Bredin C. A multi-level examination of 
school programs, policies and resources associated with physical activity among 
elementary school youth in the PLAY-ON study. Int J Behav Nutr Phys Act. 2010;7(1):6.  

142.  Patte KA, Qian W, Leatherdale ST. Modifiable predictors of insufficient sleep durations: 
A longitudinal analysis of youth in the COMPASS study. Prev Med (Baltim). 
2018;106(November 2017):164–70.  

143.  Wong S, Leatherdale ST, Manske S. Reliability and validity of a school-based physical 
activity questionnaire. Med Sci Sport Exerc. 2006;38(9):1593–600.  

144.  Government of Alberta. High School Physical Education – My Child’s Learning: A Parent 



161 
 

Resource [Internet]. [cited 2019 Jun 7]. Available from: 
http://www.learnalberta.ca/content/mychildslearning/highschool_physed_subject.html?sec
tion=physed10#0 

145.  Witt PA, Dangi TB. Why Children/Youth Drop Out of Sports. J Park Recreat Admi. 
2018;36(3):191–9.  

146.  Dorn P. What’s the difference between intramural and club sports? [Internet]. Available 
from: https://www.collegexpress.com/articles-and-advice/athletics/ask-experts/whats-
difference-between-intramurals-and-sport-clubs/ 

147.  De Meester A, Aelterman N, Cardon G, De Bourdeaudhuij I, Haerens L. Extracurricular 
school-based sports as a motivating vehicle for sports participation in youth: a cross-
sectional study. Int J Behav Nutr Phys Act [Internet]. 2014 Apr 7 [cited 2019 May 
31];11(1):48. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24708585 

148.  Eime RM, Harvey JT, Sawyer NA, Craike MJ, Symons CM, Polman RCJ, et al. 
Understanding the Contexts of Adolescent Female Participation in Sport and Physical 
Activity. Res Q Exerc Sport. 2013;84.  

149.  Burns KE, Chaurasia A, Carson V, Leatherdale ST. A quasi-experimental examination of 
how changes in school-level intramurals are associated with physical activity among a 
sample of Canadian secondary school students from the COMPASS Study. SSM - Popul 
Heal. 2021;14.  

150.  Burns KE, Vermeer J, Battista K, Leatherdale ST. A School-Level Examination of the 
Association Between Programs and Policies and Physical Activity Outcomes Among 
Females from the COMPASS Study. Int J Environ Res Public Health. 2021;  

151.  Graham DJ, Wall MM, Larson N, Neumark-Sztainer D. Multicontextual Correlates of 
Adolescent Leisure-Time Physical Activity. Am J Prev Med [Internet]. 2014 [cited 2021 
Jan 27];46(6):605–16. Available from: http://dx.doi.org/10.1016/j.amepre.2014.01.009 

152.  Chen H, Sun H, Dai J. Peer Support and Adolescents’ Physical Activity: The Mediating 
Roles of Self-Efficacy and Enjoyment. J Pediatr Psychol [Internet]. 2017 [cited 2021 Feb 
12];42(5):569–77. Available from: 
https://academic.oup.com/jpepsy/article/42/5/569/2965107 

153.  Efrat MW. Exploring Strategies That Influence Children’s Physical Activity Self-
Efficacy. Contemp Issues Educ Res. 2017;10(2):87–94.  

154.  Schneider M, Cooper DM. Enjoyment of exercise moderates the impact of a school-based 
physical activity intervention. Int J Behav Nutr Phys Act [Internet]. 2011;8(1):64. 
Available from: http://www.ijbnpa.org/content/8/1/64 

155.  Haerens L, Deforche B, Maes L, Cardon G, Stevens V, De Bourdeaudhuij I. Evaluation of 
a 2-year physical activity and healthy eating intervention in middle school children. 
Health Educ Res. 2006;21(6):911–21.  

156.  Thornton C, Cain K, Conway T, Kerr J, Saelens B, Frank L, et al. Relation of 
Adolescents’ Physical Activity to After-School Recreation Environment. Jounal Phys Act 
Heal. 2017;14(5):382–8.  



162 
 

157.  Humbert ML, Chad KE, Bruner MW, Spink KS, Muhajarine N, Anderson KD, et al. 
Using a Naturalistic Ecological Approach to Examine the Factors Influencing Youth 
Physical Activity Across Grades 7 to 12. 2008;  

158.  Casey MM, Eime RM, Payne WR, Harvey JT. Using a Socioecological Approach to 
Examine Participation in Sport and Physical Activity Among Rural Adolescent Girls. 
2009 [cited 2021 Jan 27]; Available from: http://qhr.sagepub.com 

159.  Buchan MC, Carson V, Faulkner G, Qian W, Leatherdale ST. Factors associated with 
students meeting components of canada’s new 24-hour movement guidelines over time in 
the compass study. Int J Environ Res Public Health. 2020;17(15):1–15.  

160.  Li K, Liu D, Haynie D, Gee B, Chaurasia A, Seo DC, et al. Individual, social, and 
environmental influences on the transitions in physical activity among emerging adults. 
BMC Public Health. 2016;16(1):1–12.  

161.  Martins J, Marques A, Sarmento H, Carreiro Da Costa F. Adolescents’ perspectives on the 
barriers and facilitators of physical activity: A systematic review of qualitative studies. 
Health Educ Res. 2014;30(5):742–55.  

162.  Bocarro JN, Kanters MA, Cerin E, Floyd MF, Casper JM, Suau LJ, et al. School sport 
policy and school-based physical activity environments and their association with 
observed physical activity in middle school children. Heal Place. 2012;18(1):31–8.  

163.  Ball K, Jeffery RW, Abbott G, Mcnaughton SA, Crawford D. Is healthy behavior 
contagious: associations of social norms with physical activity and healthy eating. Int J 
Behav Nutr Phys Act [Internet]. 2010 [cited 2021 Apr 14];7(86). Available from: 
http://www.ijbnpa.org/content/7/1/86 

164.  Somerset S, Hoare DJ. Barriers to voluntary participation in sport for children: A 
systematic review. BMC Pediatr [Internet]. 2018 Feb 9 [cited 2021 Mar 19];18(1). 
Available from: https://go-gale-
com.proxy.lib.uwaterloo.ca/ps/i.do?p=AONE&sw=w&issn=14712431&v=2.1&it=r&id=
GALE%7CA546081992&sid=googleScholar&linkaccess=fulltext 

165.  Post EG, Green NE, Schaefer DA, Trigsted SM, Brooks MA, Mcguine TA, et al. 
Socioeconomic status of parents with children participating on youth club sport teams. 
Phys Ther Sport [Internet]. 2018 [cited 2021 Mar 19];126–32. Available from: 
https://doi.org/10.1016/j.ptsp.2018.05.014 

166.  Cairney J, Dudley D, Kwan M, Bulten R, Kriellaars D. Physical Literacy, Physical 
Activity and Health: Toward an Evidence-Informed Conceptual Model. Sport Med 
[Internet]. 2019;49(3):371–83. Available from: https://doi.org/10.1007/s40279-019-
01063-3 

167.  Guddal MH, Stensland SØ, Småstuen MC, Johnsen MB, Zwart JA, Storheim K. Physical 
activity and sport participation among adolescents: Associations with mental health in 
different age groups. Results from the Young-HUNT study: A cross-sectional survey. 
BMJ Open. 2019;9(9):1–10.  

168.  Eime RM, Young JA, Harvey JT, Charity MJ, Payne WR. A systematic review of the 



163 
 

psychological and social benefits of participation in sport for children and adolescents: 
informing development of a conceptual model of health through sport [Internet]. Vol. 10, 
International Journal of Behavioral Nutrition and Physical Activity. 2013 [cited 2021 Feb 
24]. Available from: http://www.ijbnpa.org/content/10/1/98 

169.  Crane J, Temple V. A systematic review of dropout from organized sport among children 
and youth. Eur Phys Educ Rev. 2015;21(1):114–31.  

170.  Eime RM, Harvey JT, Sawyer NA, Craike MJ, Symons CM, Payne WR. Changes in sport 
and physical activity participation for adolescent females: a longitudinal study. 2016;  

171.  Toftegaard-Støckel J, Nielsen GA, Ibsen B, Andersen LB. Parental, socio and cultural 
factors associated with adolescents’ sports participation in four Danish municipalities. 
Scand J Med Sci Sport [Internet]. 2011 [cited 2019 Jul 8];21(4):606–11. Available from: 
https://journals-scholarsportal-
info.proxy.lib.uwaterloo.ca/pdf/09057188/v21i0004/606_psacfaspifdm.xml 

172.  White P, McTeer E. Socioeconomic Status and Sport Participation at Different 
Developmental Stages During Childhood and Youth: Multivariate Analyses Using 
Canadian National Survey Data. Sociol Sport. 2012;29(2):186–209.  

173.  De Rezende LFM, Azeredo CM, Silva KS, Claro RM, França-Junior I, Peres MFT, et al. 
The role of school environment in physical activity among brazilian adolescents. PLoS 
One [Internet]. 2015 Jun 22 [cited 2021 Mar 19];10(6). Available from: 
/pmc/articles/PMC4476687/ 

174.  Centers for Disease Control and Prevention. School Connectedness: Strategies for 
Increasing Protective Factors Among Youth. [Internet]. Atlanta; 2009. Available from: 
https://www.cdc.gov/healthyyouth/protective/pdf/connectedness.pdf 

175.  Guldager JD, von Seelen J, Andersen PT, Leppin A. Do student social background and 
school context affect implementation of a school-based physical activity program? Eval 
Program Plann [Internet]. 2020;82(March):101844. Available from: 
https://doi.org/10.1016/j.evalprogplan.2020.101844 

176.  Button B, Trites S, Janssen I. Relations between the school physical environment and 
school social capital with student physical activity levels. BMC Public Health. 2013;13(1).  

177.  Streiner DL, Norman GR. Health Measurement Scales: a practical guide to their 
development and use. Fourth Edi. New York: Oxford University Press; 2008.  

178.  Neuman W, Robson K. Basics of social research: qualitative and quantitative approaches. 
Second Can. New Jersey: Pearson Education Inc.; 2009.  

179.  Weston A, Petosa R, Pate R. Validation of an instrument for measurement of physical 
activity in youth. Med Sci Sport Exerc. 1997;29(1):138–43.  

180.  Sylvia LG, Bernstein EE, Hubbard JL, Keating L, Anderson EJ. Practical guide to 
measuring physical activity. J Acad Nutr Diet [Internet]. 2014;114(2):199–208. Available 
from: http://dx.doi.org/10.1016/j.jand.2013.09.018 

  



164 
 

Appendices 

Appendix A: Canadian 24-Hour Movement Guidelines (5) 
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Appendix B: Compass Questionnaire (Cq) 
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Appendix C: Classification of Intramurals into Team and Individual 

 

Team Individual  

Soccer Yoga 

Cheerleading Dance 

Ball Hockey Outdoor Club 

Badminton  Mountain Biking 

Basketball Skiing 

Volleyball Weight Training Club 

Baseball/Softball Rock Climbing 

Dodgeball Fitness Club (e.g., CrossFit, Zumba) 

Ultimate Frisbee Running Club 

Hockey Walking Club 
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Glossary 

Youth: There are several definitions of youth, however it is generally agreed upon that it is a 

period time when one transitions from childhood to adulthood.(180) Although there is not a 

consensus as to which age group youth include, the United Nations defined youth as those aged 

15-24, which is consistent with the definition used in other research.(180) This research focuses 

on youth in Ontario secondary schools, aged 13-18 years. 

Intramural programs: School-sponsored physical/recreational/club activities that occur outside 

of instructional time, are available to all students, are focused on maximizing participation, and 

are limited to individuals/groups/teams of the school population. 

Varsity sports: School-level competitive sports played between students from different schools 

and typically involve a higher level of skill compared to intramurals. 

Community sports: Community sports are competitive and non-competitive sports played by 

students outside of school. 

Moderate-vigorous physical activity: Activities that are either of moderate or vigorous 

intensity and are commonly used in physical activity guidelines. For youth moderate activities 

are equivalent to 4.0-6.9 METs, while vigorous activities are ≥7.0 METs.  

 


